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Site-specific settlement of a minute 
invertebrate larva in a physically/
chemically complex world: coping with 
turbulent flow with few resources

Hadfield, Michael G.
Kewalo Marine Laboratory, University of Hawaii at Manoa

In laboratory experiments, larvae of a common Indo-Pacific sea slug settle 
and metamorphose rapidly in response to a soluble metabolite from their 
coral prey. They serve as a model for us to examine the capacity of such 

minute larvae to effectively use highly localized soluble cues in the complex and turbulent environment 
of a coral reef. Flow characteristics measured on an Hawaiian reef were used to model flow across a reef 
of coral skeletons in a large flume, and the dissolution of a fluorescent dye from this reef was examined 
with planar laser induced fluorescence (PLIF). PLIF images revealed that a substance dissolving from 
the reef in turbulent flow emerges in complex patterns of upwardly attenuated filaments. Thus larvae 
swept across a reef in such flow encounter a dissolved coral cue as filaments which increase in frequency, 
thickness and concentration closer to the reef. We measured the free-swimming and sinking velocities of 
larvae exposed to coral metabolites, and observed the detailed behavior of larvae tethered in a miniflume 
and exposed to filaments of coral water to describe and quantify responses to the settlement cue. When 
a larva enters a filament of “coral water,” it responds by ceasing swimming and partial retraction. This 
results in sinking toward the reef. When it emerges from a filament, it resumes swimming. However, the 
latency of resumption of swimming is such that sinking becomes the more abundant behavior and bouts of 
swimming become less frequent and briefer with sinking into denser concentrations of filaments. Analysis 
of the observations lead us to predict that larvae will typically descend to the reef within the 1 – 2 min. 
that a transit of a reef may last. Field studies demonstrate that most recruitment occurs from the fore- to 
the mid-reef areas, as the model predicts. The developmental state of metamorphic competence equips 
larvae of many marine invertebrates to retain the capacity to settle until stimulated to do so by specific 
environmental stimuli. In our model organism, cell division and gene action are highly depressed during 
a potentially protracted competent period. Once stimulated to metamorphose, however, apparent de novo 
gene action progresses rapidly, such that a feeding juvenile results less than 20 hours after settlement.
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Sustainable Benefits from Australia’s 
Marine Biocomplexity, Bioprospecting 
and Biosecurity

Baker, Joseph T.
Chief Scientist, Department of Primary Industries, GPO Box 46, 

Brisbane Qld 4001
 Commissioner for the Environment, PO Box 356, Dickson ACT 
2602
 E-mails: joseph.baker@dpi.qld.gov.au, Env.Comm@act.gov.au 

Access to the marine environs one wishes to study is a fundamental 
requirement, whether for single species or complex ecosystem studies, and one virtually taken for granted 
in the 21st Century. This was not the case prior to the late 1950s and early 1960s when most marine 
biocomplexity investigations were confined to the times and places when the low tides made obvious 
the intertidal areas, where some of the biocomplexity had retracted or sought protected areas to avoid 
desiccation or adverse effects of direct sunlight, and the mobile species had moved to deeper waters. Self 
Contained Underwater Breathing Apparatus (SCUBA) was cumbersome, and somewhat out of reach for all 
but the most adventurous of scientists. The decade of the 1960s saw a remarkable spread of interest of many 
scientific disciplines to the marine ecosystem and strong schools of marine biology, ecology, chemistry and 
pharmacology, as well as enhanced Museum programs, emerged in Queensland, and in other States and 
the Northern Territory. In the following decades, greater understanding developed of marine species, their 
interactions and their interdependencies (both biological and physical), and the scientifically developed 
knowledge was applied to improve the efforts of marine and coastal ecosystem management and to seek 
new bioactive substances which may be of value for human and other animal health and in agriculture and 
aquaculture. The study of the intricate biocomplexities of species that live in saline waters has progressed 
from the whole organism to the molecular - even atomic - level, and is still being investigated at all the levels 
between those extremes. This paper traces one sector of involvement in the ongoing progress of awareness 
of marine biocomplexity and of the advances that have emerged in understanding of marine organisms, and 
of ecosystems, of the distinctive metabolites that can be isolated from marine animals and plants (macro- 
and micro-), of the potential value of these metabolites for human benefit (accessed through bioprospecting), 
of the scientific basis for marine area management, and of the increasing need for marine biosecurity. They 
are existing yet emerging fields of investigation, in which the modern physical and biological technologies 
provide a wonderful opportunity for the next generation of scientists to work across traditional disciplinary 
boundaries to better understand the marine ecosystems, their biocomplexities, their relevance to wise 
management of the marine environment and as a sustainable source of resources of value to society.

Marine system reserve design: do we know what we are 
doing?

Possingham, Hugh P., Ball, Ian R. and Stewart, R. R.
The Ecology Centre, Departments of Zoology & Entomology and Mathematics, University of 

Queensland

We outline the theory and practice of designing entire marine reserve systems for biodiversity 
conservation. Fundamental conservation concepts like comprehensiveness, cost-efficiency and 
representativeness are well covered by existing research and tools, but the issues of adequacy and 
spatial configuration are not well understood. We do not know what configurations are adequate 
for conservation, and in some cases we do not even how to rank configurations in terms of spatial 
issues like connectivity and risk-spreading. In this talk we define the problem of how to efficiently 
design a marine reserve system for conservation and highlight deficiencies in existing knowledge. 
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The effect of the presence of EDTA on 
the toxicity of copper to marine sessile 
invertebrate assemblages

Addison, Prue*, Keough, Mick, & Knott, Nathan
Department of Zoology, University of Melbourne, Melbourne, Victoria, 
3010 
 Email: p.addison1@ugrad.unimelb.edu.au

Copper is a common anthropogenic pollutant that is highly toxic to 
marine organisms in its divalent form. In the laboratory, its toxicity 
to marine organisms can be reduced by complexing with organic 

compounds. This potentially explains why variable responses of sessile invertebrates to copper have 
been observed over space and time in field experiments. To evaluate this we tested whether the presence 
of the synthetic organic compound, ethylenediaminetetraacetic acid (EDTA) would reduce the toxicity 
of copper to marine sessile invertebrate assemblages at a site in Southeastern Australia. Three week 
old sessile invertebrate assemblages were exposed to a copper or control treatment in the presence or 
absence of EDTA. Many individual species showed similar responses to copper regardless of the presence 
of EDTA. Multivariate analysis, however, revealed a more complex interaction between EDTA and 
copper at the assemblage level. Repetition of this field experimental approach through space and time 
will lead to a more realistic understanding of ecological effects of copper in the marine environment.

Land based factors associated with blooms of the 
cyanobacteria Lyngbya majuscula in Moreton Bay, 
Queensland

Albert, Simon1*, O’Neil, Judith1, Waite, David2, Lukondeh, Tredwell2, Rose, 
Andrew2, O’Sullivan, Cherie1 & Salmon, Tim3

1Marine Botany Group, Centre for Marine Studies, The University of Queensland, St Lucia, Queensland, 
4072. 
2Centre for Water and Waste Technology, University of New South Wales. 3School of Microbiology, 
University of New South Wales 
Email: s.albert@uq.edu.au

Over the past ten years, nuisance blooms of the toxic cyanobacteria Lyngbya majuscula have been 
increasing in frequency and severity in Moreton Bay, Queensland. Blooms occur in shallow marine 
and estuarine environments attached to benthic substrates, such as seagrass. There are many human and 
ecological health issues associated with large (kms2) blooms of L. majuscula. A substantial research effort 
is underway to elucidate both causes and impacts. As a nitrogen fixing cyanobacterium, L. majuscula 
productivity is stimulated by both phosphorus and iron. This study aims to determine potential sources of 
these elements which contribute to L. majuscula proliferation. High levels of organic carbon in catchments 
surrounding bloom sites provide both a source and transport mechanism for bioavailable iron to enter the 
marine environment. The supply of bioavailable iron to the bloom site increases significantly during high 
rainfall events, and may play a role in bloom stimulation and maintenance. A significant proportion (36%) 
of the catchment is a managed pine plantation, during plantation clearfelling large amounts of organic 
material enters the system. Soluble organic material from these pine plantations significantly stimulates the 
photosynthetic capacity of L. majuscula during laboratory trials. Parallel studies have also shown organics 
derived from pine plantations form soluble iron complexes far more rapidly than other natural organics. Trials 
are currently underway to assess potential plantation management options to reduce the loads of organic 
carbon into the estuarine and marine environment, and thus help mitigate the impacts of L. majuscula blooms.
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Rapid and inexpensive dietary analysis 
for a marine herbivore, the dugong 
(Dugong dugon) using Near Infrared 
Spectroscopy
André, Jessica & Lawler, Ivan R.*

School of Tropical Environment Studies and Geography, 
James Cook University, Townsville, Queensland, 4811 Email: 
Ivan.Lawler@jcu.edu.au

As part of a larger study examining the diets of dugongs in Torres Strait, we 
had stomach samples from 128 animals. Conventional laboratory analysis 

of herbivore diets requires laborious microscopic analysis which would have been impossible to complete 
within the time constraints of the study. We thus investigated whether near infrared reflectance spectroscopy 
(NIRS) was a viable means to determine the species composition of each sample. When organic material is 
irradiated with NIR light, the reflected spectrum is a function of the chemical composition of that sample. 
Because different species of plant are chemically distinct, the NIR spectrum can be used to determine the 
proportion of different species constituting the sample. This first requires the development of calibration 
equations relating NIR spectra of samples to laboratory-derived values for botanical composition. We 
developed calibration equations using samples from 26 dugongs and validated them against a further set 
of 14 samples. Nine dietary components were identified. Acceptable calibrations were obtained for the 
major components: seagrass rhizomes (pooled across species) and the leaves of the seagrasses Thalassia 
hemprichii, Syringodium isoetifolium and Cymodocea species. We did not attain satisfactory calibrations 
for minor (<10%) dietary components. NIRS is a valid method to obtain rapid information on the main 
components of the diet of dugongs. Application of the technique enabled us to meet the objectives of the larger 
study while saving over three months of laboratory time. The savings in terms of both time and monetary 
cost are relatively greater with larger data sets and/or more expensive analyses. With larger calibration sets 
and fresh samples NIRS should also be able to give information on minor dietary components. NIRS is 
applicable to dietary studies of marine herbivores and should thus be of value to marine ecologists generally.

Settlement and behavioural responses of barnacle 
and bryozoan larvae in response to foul-release novel 
antifouling coatings 
Anisul Afsar1, 2*, Rocky de Nys3 and Peter Steinberg1, 2

1 Centre for Marine Biofouling and Bio-Innovation, The University of New South Wales, Sydney, NSW 
2052, Australia.
2 School of Biological, Earth and Environmental Science, The University of New South Wales, 
Sydney, NSW 2052, Australia. 
3 School of Marine Biology & Aquaculture, James Cook University, Townsville, Queensland 4811, 
Australia. 
 E-mail: a.afsar@student.unsw.edu.au

We investigated settlement and behavioural responses of the larvae of the barnacle Balanus amphitrite 
amphitrite Darwin and the bryozoan Bugula neritina to foul-release novel antifouling coatings containing 
wax and silicone oil. Settlement of barnacle cyprid larvae was strongly inhibited on all coatings containing 
different types of silicone oil at concentration of 5% or above (in some cases 2% or above). However, the 
settlement of bryozoan larvae was not inhibited except on coatings containing one type of silicone oil at 
concentrations of 2% or above. The behaviour of barnacle cyprid larvae was altered on coatings containing 
≥ 5% silicone oil with cyprids assuming an inverted position, preventing adhesion. The behaviour of 
bryozoan larvae was also altered on coatings containing one type of silicone oil at concentrations of 
2% and above with larvae became dormant and inactive. This effect was reversible; when the larvae 
exposed to experimental coatings for one day (in case of barnacle cyprid larvae) and two hours (in 
case of bryozoan larvae) were transferred to uncoated surfaces their behaviour returned to normal. All 
transferred bryozoan larvae metamorphosed within two hours of transfer, but in case of barnacle cyprid 
larvae metamorphosis did not occur until five days after transfer. The results indicate that model foul-
release coatings containing wax and silicone oil can affect settlement and behaviour as well as adhesion.
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Ultra-high-density production of juvenile 
Penaeus esculentus and P. monodon in a 
tank system using artificial substrates

Arnold, S.J.*, Sellars, M.J., Coman, G.J. & Crocos, P.J.
CSIRO Marine Research, Marine Laboratories Cleveland, PO Box 120, 

Cleveland, Queensland, 4163 Email: stuart.arnold@csiro.au

Juvenile brown tiger prawns Penaeus esculentus were grown from PL17 
(seventeen-day-old postlarvae), to approximately 1g at ultra-high densities, 
with initial stocking densities of up to 12,000m-3, in a novel tank system to 
ascertain the optimal density for culture of juveniles to 1g. Artificial substrates were used to enable utilization 
of the whole water column and enhance the growth of natural biota for supplementary nutrition. Penaeus 
esculentus postlarvae were stocked in 1750L tank systems at stocking densities of 2,860m-3, 5,720m-3 and 
11,430m-3 and grown to a mean weight of 1g. Three different artificial substrate systems were evaluated. 
These substrates increased the surface area in the tanks by between 120% and 340%. Comparative growth 
and survival of the prawns at each stocking density and with each artificial substrate was assessed. The 
tanks were set up two weeks prior to the prawns being stocked to promote the colonisation of natural biota 
on the artificial substrates. Prawns grew to a mean weight of 1g in 6.5, 7 and 8 weeks at stocking densities of 
2,860m-3, 5,720m-3 and 11,430m-3, respectively. Mean survival ranged from 21.23% at the highest density 
to 50.85% at the lowest density. The final mean biomass at harvest was very similar across all densities, 
ranging between 1,496g m-3 and 1,742g m-3. Mean harvest density ranged from 1,215 prawns m-3 at the 
lowest density to 2,427 prawns m-3 at the highest density. The type of substrate system had no effect on 
prawn performance. An optimal stocking density was estimated to be between 3,300 and 3,700 prawns m-3. 
This optimal density was based on the results of prawn performance (growth, survival, biomass, harvest 
density and size variation), labour input requirements and risk associated with the different stocking 
densities. In a separate experiment P. monodon postlarvae were stocked into the same tank systems at 
stocking densities of 1,000m-3 and 2,000m-3 and grown for eight weeks. Comparative growth and survival 
of the prawns at each stocking density, with and without artificial substrate, was assessed. After eight weeks 
the mean weights were highest at a stocking density of 1,000m-3. Prawns provided with substrates grew to a 
mean weight of 1.2g compared to 1.0g where no substrate was provided. Survival was highest in tanks with 
substrates, with 88% and 82% recorded at a stocking density of 1,000m-3 and 2,000m-3 respectively. With 
substrates, the final mean biomass at harvest was 1.3kg m-3 and 1.0kg m-3 at stocking densities of 2,000m-3 
and 1,000m-3 respectively. Without substrates, the biomass was 0.9kg m-3 and 0.8kg m-3 at stocking 
densities of 2,000m-3 and 1,000m-3 respectively. The results of this study have positive implications for 
the development and application of high intensity nursery systems for P. esculentus and P. monodon.
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The diet of green turtles (Chelonia 
mydas) in Shoalwater Bay, Queensland 
and their potential exposure to tumour 
promoters produced by the toxic 
cyanobacterium Lyngbya majuscula

Arthur, Karen1*, Udy, James1, Limpus, Colin2 & Shaw, 
Glen 3

1Marine Botany Group, Centre for Marine Studies, The University of 
Queensland, St Lucia, Queensland, 4072.

 2Queensland Parks and Wildlife Service, P.O. Box 155, Brisbane, Queensland, 4002. 
3National Research Centre for Environmental Toxicology, 39 Kessels Rd., Coopers Plains, Qld, 4108 
 Email: k.arthur@uq.edu.au

Lyngbya majuscula is a bloom-forming filamentous cyanobacterium with a pan-tropic distribution. It is a 
prolific producer of biologically active compounds including Lyngbyatoxin A and Debromoaplysiatoxin, 
which are potent tumour promoters. L. majuscula forms dense benthic mats covering seagrass and 
macroalgae. These marine plants also form the basis of the diet of the herbivorous green turtle (Chelonia 
mydas). During 2002, a bloom of L. majuscula was observed in Shoalwater Bay, Queensland. The bloom 
was mapped and the coverage of L. majuscula estimated. The diets of 48 C. mydas from the region were 
investigated during the L. majuscula bloom and compared with previous, non-bloom feeding results. The 
bloom was estimated to cover more than 1000 hectares over 18km of coastline. Although L. majuscula 
was abundant and was observed in over half the turtle diet samples examined during the bloom event, 
it contributed an overall mean of only 1.94% of their diet. The seagrass species Zostera capricorni and 
Halodule uninervis contributed the majority of C. mydas diet in Shoalwater Bay, however, it was noted 
that during the bloom event turtles were consuming inferior quality seagrass. We suggest that during 
L. majuscula blooms, C. mydas change their foraging behaviour and in an attempt to avoid the toxic 
cyanobacterium they consume sub-standard seagrass. Marine tumour promoters, such as Lyngbyatoxin 
A and Debromoaplysiatoxin have been implicated in the aetiology of the marine turtle disease 
fibropapillomatosis. This study has demonstrates that C. mydas consume L. majuscula during bloom events 
and that the turtles may be exposed to sub-lethal doses of tumour promoting toxins produced by L. majuscula.

Polychaete larvae in four seasonally closed estuaries of 
south west Victoria

Arundel, Helen*

School of Ecology and Environment, Deakin University, Warrnambool, Victoria 
Email: harundel@deakin.edu.au

Estuarine benthic assemblages are often numerically dominated by polychaetes and polychaete larvae are 
often a major component of meroplankton in estuarine environments. However, because of taxonomic 
difficulties, the identification of these larvae in Australian estuaries is unknown. This study investigated 
both the likely source of those larvae, (i.e. estuarine or marine) and described the distribution of larval 
stages within and between four adjacent seasonally closed estuaries; the Merri, Hopkins, Curdies and 
Gellibrand estuaries in south west Victoria. Larval movement in tidal waters was monitored in each 
estuary and settlement trays were deployed to determine if larvae were moving into estuaries and settling 
but not recruiting. The adult polychaete assemblages were also described in each estuary. The spionids, 
Carazziella victoriensis and Prionospio tatura, numerically dominated the plankton in the Hopkins and the 
spionid, Orthoprionospio cirriformia was recorded from the Hopkins, Curdies and Gellibrand estuaries. 
Prionospio tatura larvae were not detected in the tidal waters of any estuary and while C. victoriensis and 
O. cirriformia were found in both flood and ebb tides there was no evidence of movement of these taxa 
to other estuaries. I conclude that the source of these larvae is estuarine. The spionids, Carazziella sp. and 
Polydora sp. were considered to be marine and while they moved in and out of estuaries in tidal waters 
they were rarely detected in the plankton within the estuaries and did not usually settle in the estuaries.
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Visual Ecology of the Australian Lungfish 
Neoceratodus forsteri (Krefft, 1870)

Bailes, Helena J.*, Hart, Nathan S., Marshall, N. Justin, 
Trezise, Ann E.O. & Collin, Shaun P.

Anatomy & Developmental Biology, School of Biomedical Sciences, The 
University of Queensland, St Lucia, 4072, Queensland 
 Email: h.bailes@uq.edu.au 

The Australian lungfish N. forsteri is one of only 3 extant species of 
Dipnoi (lobe-finned fishes), which evolved in the Devonian period. We 
have used structural and functional techniques to investigate the visual 
system of this fish. Using light and electron microscopy, N. forsteri was found to have four morphologically 
distinct photoreceptors; a presumed rod, and three types of cone photoreceptor. All photoreceptors are large, 
and are distributed almost uniformly across the retina with little or no specialisation for acute vision. The 
spectral absorption characteristics of each photoreceptor type were determined by microspectrophotometry. 
The visual pigments within the outer segment of the cone cell types possess peak spectral sensitivities 
(λmax) of 620nm (long wavelength-sensitive, LWS), 557nm (medium wavelength-sensitive, MWS) and 
479nm (short wavelength-sensitive, SWS). The λmax of the rod photoreceptor is 543nm. Two cone types 
possess a spectral filter, which tunes the incident light before it strikes the outer segment: a red oil droplet 
in the LWS cone and an ellipsoidal yellow pigment in the MWS cone. There is a colourless oil droplet 
within the SWS cone. All pigments have absorption spectra typical of a porphyropsin chromophore, which 
characteristically exhibit red-shifted absorption maxima. A topographic map of presumed ganglion cells 
within the retinal ganglion cell layer shows a horizontal streak of increased cell density dorsal of the optic 
nerve. Based on ganglion cell spacing, N. forsteri possesses a visual acuity of 2.1±0.28 cycles degree-1. 
Vision has not previously been thought to play an important role in the ecology of N. forsteri. However, 
the presence of a potentially trichromatic visual system challenges this assumption, demanding further 
investigation into the visual ecology of this fish in the context of its evolutionary and functional significance.

Demographic plasticity in sand flathead, Platycephalus 
bassensis

Bani, Ali1*, Moltschaniwskyj, Natalie1 & Jordan, Alan2

1School of Aquaculture, University of Tasmania, Locked bag 1-370, Launceston, Tasmania, 7250. 
2Marine Research Laboratories, Tasmanian Aquaculture and Fisheries Institute, Taroona, Tas. 7053 
Email: abani@utas.edu.au 

Spatial and temporal variation in demographic and life history features of sand flathead, Platycephalus 
bassensis, was quantified from three locations around Tasmania; an estuary (Tamar River) and two 
embayments (Coles Bay & Georges Bay). We analysed age data (estimated from sagittal otoliths) to 
describe growth, age/size structure, and mortality rates of sand flathead at the three locations. Both 
size and age structures were different among populations. No fish older than 4 years were caught in 
the Tamar estuary, whereas the maximum age of flathead in Coles Bay was 20 years. Likewise the 
average age of Coles Bay individuals (5.2 years) was more than twice that of Tamar River individuals 
(2.2 years). The Georges Bay population showed an average age 49% older and 17% younger than the 
Tamar River and Coles Bay populations respectively. While there was no difference in the growth rate 
of Coles Bay and Tamar River sand flathead during the first 4 years, individuals in Coles Bay grew 
asymptotically to larger size and had long life span. Growth of flathead in Georges Bay was slower 
than at the other two locations. Catch curve analysis revealed that total mortality was higher in Georges 
Bay than Coles Bay. Our age-based demographic analysis revealed variability in life history traits of 
sand flathead that may reflect differences in environmental conditions and recreational fishing pressure. 
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Recruitment of intertidal marine 
invertebrates in marine protected areas

Bathgate, Rachael S.*

Department of Zoology, University of Melbourne, Parkville, Victoria, 
3010 
Email: r.bathgate@pgrad.unimelb.edu.au

Marine protected areas (MPAs) are an emerging tool for marine 
conservation and management. A system of MPAs, comprising large 
marine national parks and smaller marine sanctuaries, has recently been 
established in Victoria, in which fishing and other extractive or damaging 

processes are excluded. One of the primary objectives in establishing these, and many other MPAs, is to 
conserve biological diversity - the expectation being that they will replenish outside areas through density-
dependent emigration of adults, or through larval export by enhancing the spawning-stock biomass within 
MPAs. Knowledge of recruitment processes can therefore be an important consideration when siting and 
designing MPAs – in particular, the extent to which constituent populations depend on local production or 
outside sources for recruitment, and the degree to which they supply other areas. In order to determine the 
extent to which current Victorian MPAs act as larval ‘sources’ or ‘sinks’ for gastropods inhabiting rocky 
intertidal reefs, I will determine patterns of larval production and recruitment for a number of common species 
within and outside MPAs in Port Phillip Bay and on the open coast. I will investigate how hydrodynamic 
models incorporating information on larval biology can explain observed patterns of recruitment, and to 
what extent habitat quality (availability of food and recruit habitat) may influence recruitment success.

Cleaner Shrimp Do Clean

J H A Becker*, A S Grutter
Department of Zoology and Entomology, University of Queensland, St Lucia  4074

E-mail: jbecker@sols.uq.edu.au

Recent work shows that cleaner fish significantly reduce parasite loads and affect client fish movement 
patterns, habitat choice, activity, and local community structure.  Apart from cleaner fish, there are 
many reports on cleaning by shrimps, yet whether shrimps actually ‘clean’, i.e. eat parasites, in the wild 
has not been demonstrated. For the first time, we show conclusively that cleaner shrimp in the wild do 
clean. We found crustacean ectoparasites in the gut contents of wild cleaner shrimp, Urocaridella sp. and 
Periclimenes holthuisi. In addition, they ate parasitic flatworms offered to them in the laboratory. Finally, 
P. holthuisi, significantly reduced ectoparasitic loads by 74.5% on captive surgeonfish Ctenochaetus 
striatus within 48 h. Such large reductions in parasite loads are likely to benefit individual fish. As cleaner 
shrimp are abundant and ubiquitous on coral reefs their ecological role should not be underestimated.
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Gone fishing! Marine resource usage in 
the Rottnest Island Reserve, Western 
Australia

Beckley, Lynnath E.*

School of Environmental Science, Murdoch University, Murdoch, 
Western Australia, 6150 
Email: lbeckley@essun1.murdoch.edu.au 

Rottnest Island, located off the coast of Perth, has iconic status as a 
recreation destination for Western Australians. Although the island and 
surrounding waters (within 800m) have legal standing as the Rottnest 
Island Reserve, the conservation status remains somewhat enigmatic with terrestrial fauna and flora fully 
protected but the marine biota only subject to standard WA fisheries regulations. Half a million people 
visit the island annually and a large proportion of visitors engage in extractive or non-extractive marine 
resource usage. A multi-facetted study to investigate usage patterns (fishing, boating, diving, surfing etc) is 
underway. Results from an on-site questionnaire survey of shore anglers are presented here. The survey was 
conducted on weekends over a 12-month period in 2002/2003 and anglers were intercepted and interviewed 
while fishing around the island. Results on demographics of the shore anglers, frequency and patterns of 
use, socio-economic indicators (residential suburb, travel estimators and direct expenditure on bait and 
equipment) and actual catch are presented. In addition, the extent of support by the recreational angling user 
group for Western Australian fisheries management and biodiversity conservation measures is reported on.

The impact of four-wheel drives on sandy beach meiofauna

Bell, Terri-Ann *1, 2, Smith, Stephen, D. A. 1, 2 and Simpson, Rodney, D. 2. 
1 School of Environmental Sciences and Natural Resource Management, University of New England, 

Armidale 2351, Australia. 
 2 The National Marine Science Centre, Bay Drive, Coffs Harbour, NSW, 2450, Australia, Email: 
tbell@nmsc.edu.au 

Very little is currently known about the meiofaunal ecology of Australian sandy beaches. Even less is 
known about human impacts on these communities. In an effort to quantify the effects of 4WD vehicles 
on meiofaunal community structure, a manipulative BACI experiment was conducted at Arrawarra 
Beach, NSW. Following initial sampling, the beach was subjected to three levels of 4WD impact and 
further sampling occurred immediately post-impact Univariate analyses of summary community variables 
and of abundance of common species indicated no significant effects of impact. However, there was a 
highly significant time effect for most variables. Community level analysis using multivariate statistics 
supported these observations.  These results suggest that levels of variation over small spatial scales and 
over time are greater than those resulting from the different intensities of 4WD impact used in this study.

Impacts of short-term larval exposure to heavy metals and 
delayed settlement on the performance of bryozoans

Bennett, Claire E.* & Keough, Michael J.
Department of Zoology, University of Melbourne, Victoria, 3010 

Email: c.bennett1@pgrad.unimelb.edu.au 

The larval period is generally considered the most sensitive stage of development for many marine 
invertebrate species. There is substantial evidence that events such as delayed metamorphosis or restricted 
feeding during the larval stage of invertebrates can incur carry-over effects to later stages of development. 
We suggest that the larval stage and the condition of the larvae may be equally important in influencing the 
susceptibility of invertebrates to toxicant stress. The interaction between larval condition (such as energetic 
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status) and toxicant stress has yet to be explored. The swimming regimes of 
bryozoan larvae Watersipora subtorquata were manipulated to alter their 
energetic status, followed by short-term sublethal exposure to copper or 
cadmium. Larval swimming, attachment, and initiation of metamorphosis 
were monitored during the first six hours. In the treatments combining 
enforced swimming time with toxicant exposure the proportion of 
larvae competently attaching and initiating metamorphosis decreased 
over time. Available energy of the larvae, measured using dichromate 
oxidation, indicated that copper exposure incurred a higher metabolic 
demand than cadmium exposure or delayed settlement. Larvae that had 
successfully attached and initiated metamorphosis were measured over 

the time course of metamorphosis. During metamorphosis, ancestrulae from copper exposed larvae were 
significantly smaller than those from cadmium exposure or delayed settlement treatments. Results suggest 
that for larvae of the bryozoan W. subtorquata, toxicant stress may be a more deleterious stress than 
that incurred by delayed settlement. Implications for post-metamorphic success will also be discussed.

Microsensors technology used to measure productivity 
and other biochemical processes in the upper regions of 
aquatic sediments

Bird, Paul*, Werner, Ursula, Eickert, Gaby, Polerecky, Lubos, Grunwald, Bjorn, 
Kuhl, Michael, Holst, Gerhard & deBeer, Dirk

Botany Department, The University of Queensland, St Lucia, Queensland, 4072 Email: 
p.bird@botany.uq.edu.au

Carbonate sediments are dynamic three-dimensional environments where the surface layers are constantly 
moving and mixing due to the energy of the water column. It is also an environment of dynamic biological, 
chemical and physical interaction and modification. The biological community can actively influence changes 
to sediment characteristics and associated biochemistry. Bioturbation resulting from macrofaunal activity 
disrupts sediment structure and biochemical arrangements and reduces the critical shear forces required to 
move sediment particles, adding to the dynamic and complex physical and biogeochemical nature of the 
sediment. Laboratory studies using both planner optodes and glass needle microsensors were used to measure 
abiotic sediment characteristics such as the depth distribution and concentrations of PAR. The biochemical 
nature of coral reef sediment were also investigated, specifically the quantification and the distribution of 
dissolved oxygen within coarse and fine-grained sediments under regimes of light and darkness. Results 
highlighted the significant contribution microalgal productivity and bioturbation has on distribution of 
dissolved oxygen in the upper sediment layers. On the reef flat a shallow water lander system was employed 
to measure concentrations of O2, pH, S, Ca and temperature over periods of 24 to 48 hours in coarse and 
fine-grained sediments. Similarities between laboratory and in situ results where evident, however the in 
situ environment was more dynamic and the distribution and concentrations of dissolved oxygen were more 
complex and correlated to irradiance, temperature and biological activity. Microsensor technology provides 
us with the opportunity to study, at very high resolutions, the upper irradiated; photosynthetically active 
regions of aquatic sediments along with anoxic processes deeper in sub-euphotic regions of the sediments.
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The quality of seagrass as a dugong food 
resource: the importance of the effects 
of season and water depth

Bité, Juanita S.1,2*, Marsh, Helene1, Lawler, Ivan1 & 
Coles, Rob2

1James Cook University, Townsville, Queensland, 4811. 2Northern 
Fisheries Centre. Department of Primary Industries, 38-40 Tingira 
St., Portsmith, Cairns, 4870 
 Email: Juanita.BIte@dpi.qld.gov.au

The dugong (Dugong dugon) is the only strictly marine herbivorous 
mammal. Dugong numbers have declined substantially throughout most of their range and Australia 
now supports the largest dugong populations in the world. Hervey Bay has over 2,000km2 of seagrasses 
and one of largest dugong populations in Australia. A decrease in dugong numbers (~2,200 to 600), and 
subsequent recovery, followed a temporary, widespread loss of seagrass in Hervey Bay, after a cyclone 
and flooding in 1992. Dugongs feed almost exclusively on seagrasses and their numbers and reproduction 
are linked to the availability of this resource. The most frequently grazed seagrasses are high in nitrogen 
and digestibility and low in fibre. In intertidal seagrasses, these nutritional parameters vary considerably, 
between species and seasons. However, little is known about nutritional variability in sub-tidal seagrasses, 
although dugong often forage deep water (≥10m). Approximately 74% of seagrasses in Hervey Bay 
occur at depths greater than 10m. The dynamics of sub-tidal seagrasses are important to understanding 
dugong biology where substantial areas of sub-tidal seagrass support large dugong populations. This 
project aims to determine the effects of depth, light, flooding and season on the nutritional quality 
of sub-tidal seagrasses for dugongs. Near Infrared Reflectance Spectroscopy (NIRS) will be used for 
chemical analysis of nitrogen, water soluble carbohydrates, digestibility, fibre and lignin. NIRS is a 
relatively quick and cheap method, making it possible to analyse larger data sets than previous studies. 
Productivity of seagrasses will also be estimated using a diving-PAM (Pulse-Amplitude-Modulation) and 
seagrass growth will be estimated using rhizome tagging techniques. This project, along with a related 
project examining the small scale foraging of dugongs within Hervey Bay, will provide a comprehensive 
understanding of the dugong-seagrass system, needed for the effective management of the dugong.

Marine Protected Areas in Victoria: visitor knowledge and 
attitude

Blayney, Katie*

School of Ecology and Environment, Deakin University, Melbourne, Victoria 
Email:cmb1@deakin.edu.au 

With the recent establishment of a series of Marine National Parks and Sanctuaries on the Victorian coast 
it offered an opportunity to gather the public’s knowledge of these areas, the promotional activities used to 
create awareness of the parks and sanctuaries and attitudes to these areas. Questionnaires were conducted 
at a Marine National Park, a Marine Sanctuary and two control sites on the Victorian coast from November 
2002 to February 2003. A little less than half of the respondents were aware that the Marine National 
Parks and Sanctuaries had been declared and of those interviewed in a Marine National Park or Sanctuary, 
only 23% were aware they were in a park or sanctuary. The promotional activities included television 
commercials and signage at parks, sanctuaries and boat access ramps. Only 21% of respondents had seen 
the commercials. For those asked about the signs, only 39% of people had seen them, and of this group only 
54% had read them. When respondents were asked to give a description of Marine Protected Areas, they 
described them in two main ways: protective and use terms. When respondents were asked what impact 
the Marine National Parks and Sanctuaries would have on tourism to the Victorian coast, the response 
was overwhelmingly positive, with 69% of respondents believing they would have positive impact. Only 
5% of respondents believed the Marine National Parks and Sanctuaries would have negative impact. 
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Colony fragmentation and colonial 
integration in three encrusting 
bryozoans

Bone, Elisa K.* & Keough, Michael J.
Department of Zoology, University of Melbourne, Parkville, Victoria, 
3010 
Email:e.bone@zoology.unimelb.edu.au 

Modular colonial invertebrates are, due to their sessile nature, vulnerable 
to processes that damage the colony, including predation and physical 
disturbance. The resulting colony fragmentation means that growth and 

reproductive capabilities are not readily predictable by standard measures such as age. Understanding the 
population dynamics of modular animals requires knowledge of the causes of damage and fragmentation 
and the nature of colony responses to these processes. The ability to recover from damage and the prevalence 
of fission and fragmentation events may be related to the level of colonial integration; how well nutrients 
can be transported from feeding to non-feeding new or damaged areas. We chose three common encrusting 
bryozoans and considered their natural rates of fragmentation, along with colony responses to experimental 
fragmentation. We sought to determine whether variation in these responses relate to the degree of colonial 
integration in each species, which may be represented in bryozoans by the complexity of the funicular 
system. Using scanning electron microscopy, we measured the number and size of connective pores and 
pore plates in the zooid walls in two of the three species, Watersipora subtorquata and Mucropetraliella 
ellerii. The pattern of pores across colony regions corresponded well to the performance of different 
fragment types in these species, while the third species, Parasmittina unispinosa, showed very different 
responses to damage, and also had a distinctive pore pattern. From these preliminary results, skeletal 
elements of the funicular system appear to be appropriate indicators of colonial integration in selected 
species, and have the potential to provide information on the capacity of bryozoans to recover from damage.

Dispersal of tropical reef fishes into temperate waters: 
who, why and how?

Booth, David J
Department of Environmental Sciences, University of Technology, Sydney, PO Box 123 Broadway NSW 

2007 

Email: David.Booth@uts.edu.au

Settlement of coral reef fishes occurs down the SE coast of Australia, to at least 37OS, well beyond the 
distribution of coral reefs. Dispersal of these larvae away from the tropics is likely to be a complex function 
of reproductive patterns, larval dispersal abilities and variation in the East Australian Current. About 
50 species of coral reef fishes, most conspicuously butterflyfishes (Chaetodontidae) and damselfishes 
(Pomacentridae) appear on the New South Wales coast between January and April each year, but few 
persist over winter. Here, I detail spatial and temporal patterns in settlement of these larvae, post-settlement 
persistence, and discuss approaches to determining the sources of these larvae. Differences in postlarval 
duration (PLD) among locations, as well as other lines of evidence, may offer indirect clues regarding the 
source(s) of larvae. Inter-annual variation in distribution of settlers may be linked to large-scale climatic and 
oceanographic events, and may provide an index of biological linkage between tropical and temperate waters.
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Aquaculture of microalgae: Current 
status and future challenges and 
opportunities

Borowitzka, Michael A.*

School of Biological Sciences & Biotechnology, Murdoch University, 
Murdoch, Western Australia, 6150 Email: borowitz@possum.murdo
ch.edu.au 

Australia is a significant producer of microalgae with the production 
of β-carotene from the halophilic green alga Dunaliella salina 
in Western Australia and South Australia. Microalgae production 
is also critical to the success of the aquaculture industry, especially in the culture of shellfish and 
prawns. Attempts to develop other microalgae species (e.g. Spirulina, Chlorella) commercially in 
Australia have failed so far. Current research and development is focussing mainly on developing 
new species for new products (i.e. biologically active compounds, fatty acids) and new, commercially 
viable, large-scale culture systems. The application of microalgae in environmental bioremediation 
(i.e. CO2 trapping; soil bioremediation) is also being explored. This paper will provide an overview 
of these areas and will attempt to give an assessment of those areas with the greatest likelihood 
of commercial success. It will also highlight some key areas where research is urgently needed.

Seasonal dynamics of epiphytes on the seagrass 
Amphibolis griffithii

Borowitzka, Michael A.* & Lethbridge, Roger
School of Biological Sciences & Biotechnology, Murdoch University, Murdoch, Western Australia, 6150 

Email: borowitz@possum.murdoch.edu.au 

An intensive four year study of the epiphytic organisms of Amphibolis griffithii near Penguin Island, 
Shoalwater Bay, Western Australia found a total of 95 species of algae and 37 species of invertebrates 
on the stems and 27 species of invertebrates on the leaves. The epiphytic algae community shows 
distinct seasonal changes in community structure whereas seasonal changes are much harder to 
detect in the epiphytic invertebrates. The most abundant algae, in term of biomass, where the 
coralline algae Metagoniolithon stelliferum and Haliptilon roseum and the red algae Polysiphonia 
japonica var. forfex and Hypnea spinella. This paper will discuss these findings on the seasonality 
of the epiphytes in light of hypotheses concerning factors which affect their community structure.



58

Abstracts - AMSA2003

59

Abstracts - AMSA2003

Directions in Marine Research in 
Victorian Marine National Parks and 
Sanctuaries

Boxshall, Anthony*

Marine National Parks Research Program, National Parks Policy & 
Strategy, Parks Victoria, Level 10, 535 Bourke St, Melbourne, Victoria, 
3000 
 Email: aboxshall@parks.vic.gov.au 

In November 2002, the Victorian Government gazetted a new system of 
marine protected areas. The 13 new Marine National Parks and 11 new 

Marine Sanctuaries consist of a representative example of Victoria’s marine environment and protect ~5.3% 
of Victorian waters. Over the next few years, an integrated marine research and monitoring program will be 
run in Victoria based around the new system of MPAs. An important first step in the new program is a marine 
research and monitoring framework, one component of which is a Strategic Directions Statement which 
sets the broad environmental research and monitoring objectives for Victorian Marine National Parks and 
Marine Sanctuaries to 2010. The Statement sets the directions, context and principles for Parks Victoria’s 
marine environmental research and monitoring, and lists the major research questions and areas of interest. It 
communicates the various levels of support that Parks Victoria is likely to give to different types of research 
and monitoring, and explains the reasons behind specific decisions and approaches. Having a single marine 
protected system created a at one time has given a great opportunity to plan needs at one time and offer clarity 
to all involved in research and monitoring, including academic, community and industry partners. This talk 
will outline the Strategic Directions Statement and discuss its development. Feedback is being actively 
being sought from the Australian marine science community on the statement and its implementation.

Relating behavioural signals derived from dataloggers to 
prey consumption models for southern elephant seals

Bradshaw, Corey J.A.1*, Hindell, Mark A.1, Biuw, Martin2, Sumner, Michael D.3,1 
& Michael, Kelvin J.3

1Antarctic Wildlife Research Unit, School of Zoology University of Tasmania, Private Bag 05, Hobart, 
Tasmania 7001, Australia. 
2Sea Mammal Research Unit, Gatty Marine Laboratory, University of St. Andrews, St. Andrews, Fife 
KY16 8LB, Scotland. 
3Antarctic CRC and Institute of Antarctic and Southern Ocean Studies, University of Tasmania, 
Private Bag 77, Hobart, Tasmania 7001, Australia 
 Email: corey.bradshaw@utas.edu.au 

Marine mammals are consumers of large quantities of prey within the ocean environments in which they 
live; however, little is known about where and when individuals encounter and capture their prey. To estimate 
temporal and spatial patterns of prey consumption by the wide-ranging southern elephant seal (SES - 
Mirounga leonina), we used behavioural, geo-location and physiological data collected from 25 female SES 
from Macquarie Island. We first estimated the change in the rate of vertical drift in the water column during 
the passive phase of ‘drift dives’. This change was then used as a surrogate for relative lipid gain because drift 
rate, and hence, buoyancy, is a function of the lipid:lean tissue ratio in a seal. Next, we estimated the proportion 
of days per spatial grid cell that seals were assimilating lipid. We used these proportions to weight the time 
spent per grid cell to estimate relative foraging success. Finally, previous analysis of fatty acid signatures in 
the blubber indicated spatial and temporal variation in the proportion of squid and fish found in the diet. All 
results were combined in a simple energetic model to produce an estimate of prey consumption by SES within 
the regions of the Southern Ocean south of Australia during the post-lactation and post-moult foraging trips.
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A critique of artificial reef studies: 
is it possible to attribute changes in 
fish abundance to either attraction or 
production?

Brickhill, M.J.*, Lee, S.Y. and Connolly, R.M.
School of Environmental and Applied Sciences, Griffith University, Gold 

Coast 9726 
E-mail: m.brickhill@griffith.edu.au 

Two opposing (yet widely recognised) hypotheses propose that increases 
in fish abundance at artificial reefs is caused by either (a) the attraction 
and redistribution of existing individuals, with no net increase in overall abundance or (b) the addition 
of new individuals by production, leading to a net increase in overall abundance. However, inappropriate 
experimental designs have prevented existing studies from discriminating between the two outcomes. A 
review of thirteen experiments comparing fish abundance on artificial reefs with those on adjacent soft 
bottom habitats (i.e. sand/mud) was undertaken. Of these experiments, ten were compromised by a lack 
of replication or the design itself (where spatial variability was confounded by segregation of the reef and 
control areas). Only three studies featured proper controls and replicated designs with the interspersion of 
reef and control sites. Chi-square tests of abundance data for 67 fish species from these studies indicated 
that generally more fish occur on reefs than on controls, particularly for species that typically occur 
over hard substrata. Investigation of changes in fish abundances on and off reefs using a suitable design 
should ultimately allow us to determine whether attraction or production is responsible for increases in 
abundance on reefs. A suitable design should incorporate: (a) adequate temporal sampling to encompass 
key life history events – particularly spawning migrations and juvenile settlement, (b) collection of age 
and length data to track changes through time and (c) randomly interspersed reef and control treatments 
with sufficient replication to increase power and avoid confounding spatial and temporal effects.

The molluscan nudibranch family Dendrodorididae 
(Gastropoda: Doridoidea) in Australia: Systematics and 
Phylogenetic Relationships

Brodie, G.D.
School of Marine Biology & Aquaculture, James Cook University, Townsville, 4811 gilianne.brodie
@jcu.edu.au

This project was undertaken to produce systematic descriptions of Australian members of the 
radula-less family Dendrodori didae and investigate phylogenetic relationships both within 
the family and to other radula-less members of the diverse superfamily Doridoidea. Debate 
exists as to whether radula-loss has occurred more than once in the doridoidean nudibranchs 
and thus whether such taxa should be grouped together as an additional taxon the Porostomata.
Sixteen dendrodorids were investigated in detail (12 Dendrodoris and 4 Doriopsilla species) using both 
traditional morphological methods and a resin histology technique. This latter technique was used to study 
microstructure, particularly of glandular tissues. Representative members of the other radula-less doridoidean 
families  (Mandeliidae and Phyllidiidae) and of radula-bearing Doridoidea were also investigated for comparative 
purposes. Phylogenetic analyses were performed with the assistance of the computer program PAUP.
Results support the monophyly of the radula-less Doridoidea (= Porostomata) and therefore a single 
occurrence of radula loss. The microanatomy of glands associated with the anterior digestive tract shows 
analogy among several genera. Vestibular glands in the reproductive system and mantle glands in the notum 
also appear to have developed independently several times. Mantle gland microanatomy in particular, has 
proven to be of considerable systematic and phylogenetic value. However, the need for a broader study of 
Doridoidea is highlighted by the unexpected discovery of mantle dermal formations (MDF’s) in the radula-
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less family Mandeliidae. These distinctly structured mantle 
glands have previously been found only in the radula-bearing 
doridoidean families Chromodorididae and Triophidae.
Members of Dendrodoris are clearly united by a distinctly structured ptyaline 
gland and a uniquely glandular oesophagus. The little known temperate 
species Dendrodoris maugeana stands alone in possessing a reproductive 
system quite different to other members of the genus. Previously 
undescribed complex mantle glands, and an anal papilla that is located to 
the left of the gill branchia, unite Doriopsilla. However, features that unite 
these two genera together into the family Dendrodorididae are lacking.

Sources of sediment and nutrient exports to the Great 
Barrier Reef

Jon Brodie1, Lucy McKergow2, Ian Prosser2, Miles Furnas3, Andrew Hughes2, 
Heather Hunter4

1. Australian Centre for Tropical Freshwater Research, James Cook University, Townsville, 4811
2. CSIRO Land and Water, Canberra
3. Australian Institute of Marine Science, Townsville
4. Queensland Department of Natural Resources and Mines, Brisbane
E-mail: jon.brodie@jcu.edu.au

Agricultural land uses on the Great Barrier Reef (GBR) Catchment Area (GBRCA) are causing an 
increase in pollutant loads discharging to the GBR. Discharged pollutants are degrading GBR ecosystems, 
particularly those close to the coast. Pollutant loads are increasing and show no sign of reduction. 
Similar pollution has caused the decline of coastal ecosystems around the world. Models for estimating 
sediment, nitrogen and phosphorus discharge to the GBR have been developed over the last 20 years. 
The sophistication and reliability of the models and data supporting them have improved through time. 
Simple models of land-use, run-off and sediment and nutrient delivery suggest that fluxes to the GBR have 
increased several-fold since the commencement of modern agricultural practices. To manage exports it is 
essential to identify the sources of exported materials. The present study used the models, SedNet and its 
nutrient version ANNEX, calibrated using water quality data from the GBRCA, to identify the sources.
Overall, 70 % of sediment exported to the coast comes from just 20 % of the total catchment area. Areas 
of high contribution are all relatively close to the coast. Catchments with high levels of land clearing, 
beef grazing and/or fertilized cropping show the greatest increases in sediment and nutrient export. The 
ratio of current nitrogen and phosphorus inputs to natural inputs show that much of the Wet Tropics and 
Cape York have low increases in nutrient input because of low intensity land use. There are small areas 
of high increase in the intensively used lowlands of the Wet Tropics. Area specific total nitrogen (TN) 
and phosphorus (TP) loads shows significant diffuse inputs across some Mackay-Whitsunday and Wet 
Tropic river basins. The Burdekin and Fitzroy River basins have low specific TN and TP exports, because 
of very large catchment size with extensive areas of low erosion. The current model estimates that mean 
annual export of suspended sediment from the GBRCA is 16 million tonnes, eight times the estimated 
natural export of two million tonnes. Nitrogen exports are 63,000 tonnes, 4.3 times the estimated natural 
export of 14,500 tonnes and for phosphorus, the increase is 6.1 times, from 1,800 to 11,000 tonnes.
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Natural barriers as a zoning tool in 
estuarine marine park management

Butcher, Paul 1,2* and Boulton, And2

1 National Marine Science Centre, Bay Road, Coffs Harbour, NSW, 
2450, Australia, 
2 School of Environmental Science and Natural Resources 
Management, University of New England, Armidale, NSW, 2351, 
Australia

E-mail: pbutcher@nmsc.edu.au; 
E-mail aboulton@metz.une.edu.au

A primary objective of marine parks is to allow controlled access to users 
while conserving the environment. As it is not always possible to protect species through “no take” zones, 
use of natural protective barriers may be an option when designing Marine Park zoning schemes. To explore 
this in the Solitary Islands Marine Park (SIMP) on the mid-north coast of New South Wales, Australia, we 
compared abundance, size classes, sex ratio, and recruitment of mud crabs upstream and downstream of a 
natural rock bar before and after fishing was reintroduced. If the bar was acting as a natural barrier and deterring 
fishing, we hypothesised that crabs would be more abundant and larger upstream of the bar even after fishing 
restrictions were lifted. The study was done in the Wooli Estuary where recreational fishing has been excluded 
from the Sanctuary Zone since 1991 and reintroduced in August 2002. Mud crabs were sampled every three 
months at each site from January 2002 to April 2003 using commercial wire traps. Abundance and mean size 
of mud crabs were similar before fishing was reintroduced and significantly higher upstream of the rock bar 
after fishing was introduced. Mud crab abundance declined rapidly downstream of the rock bar after fishing 
commenced. These results indicate that the rock bar acts as a natural barrier for a sanctuary zone through 
restricting access for some fishers. When zoning marine parks, especially in remote areas where policing 
restrictions are difficult, natural barriers appear to be an effective tool for sustainable fisheries management. 

Evolution of lived-birth in the Patiriella seastar complex

Byrne, Maria1* & Hart, Mike2

1Department of Anatomy and Histology, University of Sydney, New South Wales, 2006. 2Department of 
Biology, Dalhousie University, Halifax, NS B3H 4J1, Canada 
Email: mbyrne@anatomy.usyd.edu.au 

Live-birth (=viviparity) is a highly derived and rare life history in animals: independent developmental 
stages were eliminated from the life cycle. Although rare, clades that have this life cycle often have 
several viviparous lineages. The occurrence of live-birth in asteroids is restricted to the genus Patiriella 
where it has evolved independently three times through strikingly different evolutionary pathways. 
One live birth was required, an evolutionary fine-tuning has resulted in striking differences in the 
phenotypic expression of viviparity. Species in the northern clade(s) have functional intra-gonadal larvae, 
indicating that reversals to a planktonic existence are possible. In contrast, viviparous forms from 
the south have reduced, non-functional larvae. Structures required for a planktonic existence have 
been irredeemably lost. We examine the possible selective forces driving the transition to viviparity 
in sea stars and what constraints have prevented evolution of this life history mode in other sea stars.
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Population biology of Raine Island and 
Moulter Cay echinoderms

Byrne, Maria1*, Hoggett, Anne2, Uthicke, Sven3 & 
Smoothey, Amy1

1Department of Anatomy and Histology, University of Sydney, New 
South Wales, 2006.
2Lizard Island Research Station, PBM 37, Cairns, Queensland, 4870.
3Australian Institute of Marine Science, PMB 3, Townsville, 
Queensland, 4810 
Email: mbyrne@anatomy.usyd.edu.au 

Raine Island and Moulter Cay support a diversity of echinoderms with the 
most abundant being the ophiuroids and holothuroids. These cays support a high density of the commercially 
important sea cucumber (bêche-de-mer), the black teatfish Holothuria nobilis. Surveys of the sea cucumber 
populations were done through an extensive series of manta tows. Belt transects were also undertaken in the 
seagrass habitat. The standing stock of H. nobilis on Raine Island and Moulter Cay is higher than that recorded 
from many Green Zones elsewhere on the Great Barrier Reef. Manta tows of Raine Island and Moulter Cay 
indicated that the mean densities of this species were 36.74 per ha-1 (SE=9.08) and 19.25 per ha-1 (SE=7.61). 
The seagrass habitat showed an extremely high density of H. nobilis, average 120.8 per ha-1 (SE=29.5). 
Weight measurement revealed that H. nobilis in the seagrass habitat were smaller than those in the lagoon, 
supporting the suggestion that this habitat is an important settlement area for holothuroids. In comparison to 
fished and unfished reefs elsewhere on the GBR, the data from Raine Island represents the highest densities 
recorded for H. nobilis. The population biology of ophiuroids in the coral rubble field was also investigated.

The effects of herbivorous amphipods on macroalgae: new 
in-situ exclusion methods

Campbell, Alexandra H.1*, Poore, Alistair G.B.2 & Steinberg, Peter D.1,2

1Centre for Marine Biofouling and Bio-Innovation, 2School of Biological, Earth & Environmental Science, 
University of New South Wales, Sydney, New South Wales, 2052. Email: alex.campbell@unsw.edu.
au 

Marine macroalgae support large populations of small invertebrate herbivores (mesograzers). Despite their 
high abundance, very little is known about the effects these small herbivores have on their host or on algal 
community structure. This is largely attributable to methodological problems associated with observing 
and manipulating mesograzers in situ. Traditional methods, to exclude large herbivores such as fish and 
urchins from particular areas use caging. Excluding mesograzers in this way requires a very fine mesh 
size, strongly altering light availability and water flow, thus confounding interpretations of the effects of 
herbivory. In recognition of these methodological limitations, I outline new methods for the exclusion 
of epifauna from macroalgae and settlement plates under natural conditions in the field. Plaster blocks 
were used as a slow-release matrix for the pesticide carbaryl, which successfully reduced the densities 
of amphipods (the most abundant mesograzers) on treated macroalgae in the field. This technique was 
subsequently used in two amphipod exclusion experiments, one involving established individuals of the 
brown algae Sargassum linearifolium and Dictyopteris acrostichoides and the other involving newly settled 
algae. When amphipod densities were reduced, S. linearifolium and D. acrostichoides showed less evidence 
of grazing on blades adjacent to the carbaryl-plaster blocks compared to control algae. Settlement plates 
treated with carbaryl supported longer algal filaments, but there were no significant effects of amphipod 
exclusion on algal mass or percent cover. These new methods make new manipulative experiments 
possible, examining the effects of these abundant herbivores on their host algae and associated community 
structure. The exclusion experiments conducted during this study are the first amphipod exclusion 
experiments run under field conditions with completely interspersed treatments and without cages.
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Dietary selectivity for the 
cyanobacterium Lyngbya majuscula 
with resultant growth rates and 
toxicodynamics in two species of 
opisthobranch mollusc from Moreton 
Bay

Capper, Angela1,2*, Tibbetts, Ian R.1, O’Neil, Judith 
M.1,4 & Shaw, Glendon R.3

1Centre for Marine Studies, 2School of Life Sciences, The University of 
Queensland, St Lucia, Queensland, 4072. 3National Centre for Environmental Toxicology (EnTox), 
Kessels Road, Coopers Plains, Queensland, 4108. 4University of Maryland, Centre for Environmental 
Science, Cambridge, MD 21673, USA Email: acapper@zen.uq.edu.au 

The naturally occurring toxic cyanobacterium Lyngbya majuscula has been blooming with increased 
frequency and longevity at a number of sites in Moreton Bay, southeast Queensland. These blooms 
produce two secondary metabolites: lyngbyatoxin-a and debromoaplysiatoxin. Biotic interactions 
associated with bloom proliferation and demise are poorly understood. The sea hares Stylocheilus striatus 
and Bursatella leachii pleii have a ‘boom-or-bust’ relationship with L. majuscula blooms. Stylocheilus 
striatus is a voracious consumer of L. majuscula and is stimulated to feed in the presence of lyngbyatoxin-
a, which is sequestered and stored in the digestive gland. Bursatella leachii pleii is a generalist grazer 
was found to preferentially consume L. majuscula amongst a range of plant and seagrass species in 
multiple choice feeding assays. In chronic no-choice feeding trials, we found that the magnitude of mass 
increase for a given amount of L. majuscula consumption was significantly greater for B. leachii pleii 
than S. striatus. However, B. leachii pleii is not capable of secondary metabolite storage and excretes 
high concentrations of L. majuscula secondary metabolites in both ink and faecal matter. Our findings 
suggest that the storage or detoxification of L. majuscula secondary metabolites by S. striatus may be 
associated with a high energetic cost thereby constraining the extent to which mass is increased. In 
contrast, the mechanisms employed by B. leachii pleii to store or excrete these compounds appear to be 
more energy efficient allowing greater body mass increase for a given level of L. majuscula consumption.

The ecological importance of statistical effect sizes in 
impact assessment

Carey, Janet M.1* and Keough, Michael J.2

1 School of Botany, University of Melbourne, Vic. 3010.
2 Department of Zoology, University of Melbourne, Vic. 3010.
Email: j.carey@botany.unimelb.edu.au

The nomination of an effect size is an essential step in calculating statistical power for an hypothesis test, 
and presents us with an opportunity to specify a difference or effect size that is meaningful or important 
in the particular situation. Sometimes, our knowledge of marine assemblages is sufficient to enable 
ecologically-based stipulation of effect sizes for monitoring purposes, but more often, we are obliged 
to nominate arbitrary values such as 50% or 100% change. Using abundance data from two benthic 
infaunal monitoring programs in southern Australian waters, we compared observed effect sizes with 
values commonly applied in a priori power analysis, and then considered whether or not these effects 
were of ecological importance. The mean effect size, expressed as a percentage of the Before/Impact 
mean, was 163%, with the observed effects being generally very variable, and showing both increases 
and decreases. Overall, 42% of cases had effect sizes between -50% and +50%, while in 37% of cases, the 
change was in excess of 200%, as either increases or decreases. The most extreme effects were in excess 
of 10000% change. Determining the ecological importance of changes in abundance is not an easy or 
straightforward matter, but experimental studies or demographic modelling may be used to assist in the 
setting of ecologically sensible effect sizes. By making better informed choices of statistical effect sizes, 
our impact assessments have the potential to be both statistically powerful and ecologically meaningful.
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Sexual reproduction of Acropora reef 
corals at Moorea, French Polynesia 

Carroll, Andrew *1, 2, Harrison, Peter 1, 2 and Adjeroud, 
Mehdi 3

1 National Marine Science Centre, Bay Drive, Coffs Harbour, NSW, 
2450, Australia
2 School of Environmental Science and Management, Southern Cross 
University, Military Dr, Lismore, NSW, 2480, Australia
3 Laboratoire de Biologie Marine et Malacologie, Universite de 
Perpignan, 66860, France
E-mail: acarroll@nmsc.edu.au 

Very little information is available on reproductive processes among corals in many isolated Central Pacific 
reef areas, including French Polynesia. Moorea (17º30’ S 149º50’W), part of the Society Archipelago, is a high 
volcanic island that lies 25 kilometres to the northwest of Tahiti. Acropora corals are ecologically dominant on 
outer reef slopes at Moorea. Sampling of Acropora spp. was completed in April, May, September, October and 
November 2002, at four sites on the outer reef slope and reef lagoon around Moorea in order to determine their 
reproductive status. Thirteen Acropora spp. were recorded to release gametes following the full moon in October 
2002. The release of egg and sperm bundles from thirty Acropora colonies was inferred in the field between 6 and 
9 nights after the full moon (NAFM) by daily sampling to determine the presence, then absence, of ripe gametes 
in broken sections of each coral colony. Ten Acropora colonies were also observed spawning between 6 and 
9 NAFM in October in aquaria. On the 26th November 2002 (6 NAFM), spawning of egg and sperm bundles 
was observed in portions of 11 colonies of Acropora austera in aquaria. Spawning in 5 of these 11 colonies and 
4 additional colonies (6 NAFM) was confirmed visually in the field by the disappearance of mature gametes 
between sequential samples taken on the 26th and 27th November 2002. These are the first records of spawning 
by Acropora corals in French Polynesia. Ongoing analysis of samples taken throughout the study period will 
provide further insights into the patterns of gametogenesis and the timing of sexual reproduction for Acropora 
and several other ecologically dominant coral species. The impacts of bleaching events at Moorea in 2002 and 
2003 on coral survival and fecundity are also being assessed. This information will provide important new 
insights into the reproductive processes that affect population maintenance of reef corals in French Polynesia.

Benthic assemblages in estuaries affected by acid sulfate 
soils in the Tweed River floodplain

Lisa M.Carson1*, Alistair G. B. Poore1 and Ben C. T. Macdonald2

1. School of Biological, Earth and Environmental Science, University of New South Wales, 2052.
2. Centre for Resource and Environmental Studies, Australian National University, Canberra

E-mail: caronlisa@yahoo.com.au 

Estuarine acidification is a major contributor to the worldwide degradation of coastal ecosystems. The 
acidification of estuaries along the east coast of Australia is predominantly driven by discharge from 
oxidised acid sulfate soils and has been implicated in the mortality of fish, crustaceans, aquatic plants 
and invertebrates in these coastal environments. While a diverse array of ecological impacts on individual 
organisms have been identified, there has been little research into the effect of acidified waters on benthic 
invertebrate assemblages at the community level. Additionally, few studies have explored the potential 
ecological benefits of acid sulfate soil management techniques. This study assessed the abundance and 
species composition of macrobenthic invertebrates at four creeks in the Tweed River floodplain in northern 
NSW including one (McLeods creek) that had undergone soil remediation. Invertebrates were sampled 
using benthic cores along with physical parameters including pH, dissolved oxygen, electrical conductivity 
as well as soluble and exchangeable cations and titratable acidity. The acid affected creeks supported few 
benthic species, with the highest abundance at McLeods creek and very low abundance at the most acidic 
creek - presumably due to lowered dissolved oxygen concentrations, elevated metal concentrations and 
metal precipitates. Strong differences in the species composition of benthos among creeks has implications 
for the use of benthic invertebrates in assessing positive effects due to soil remediation techniques. Further 
research is required to identify causal relationships between benthic assemblages and acidified environments.
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Impact of noise on marine animals in the 
context of natural noise in the ocean

Cato, Douglas H.1* & McCauley, Robert D.2

1Defence Science and Technology Organisation, PO Box 44, Pyrmont, 
New South Wales, 2009. 2Centre for Marine Science and 
Technology, Curtin University, GPO Box U1987, Perth WA, 6845 
Email: Doug.cato@dsto.defence.gov.au 

Marine animals use sound in an environment with high and variable 
ambient noise from natural sounds, and assessment of the impact 
of sounds from human activities needs to be made in this context. 
Assessment of impact is difficult for many animals because of the limited knowledge of their hearing 
capabilities (as is the case for baleen whales). Some idea of the effect can, however, be obtained 
by comparing anthropogenic sounds with the natural ambient sounds that the animals have always 
experienced and can be expected to have adapted to. Because of the relative isolation of Australian 
waters, many areas have low or negligible anthropogenic noise, allowing reliable characterisation 
of the natural ambient noise. In particular, there are areas free of traffic noise, the noise from distant 
shipping that dominates low frequency ambient noise in much of the northern hemisphere. This paper 
discusses the characteristics of natural ambient noise and the inferences that can be made about impact of 
anthropogenic sounds. For example, while traffic noise is widespread, natural ambient noise from the sea 
surface and biological choruses often reaches comparable levels and at times exceeds the highest levels.

Diving behaviour of dugongs, Dugong dugon

Chilvers, B. Louise1†*, Delean, Steven1, Gales, Nicholas J. 2, 3, Holley, Dave K.2, 
Lawler, Ivan R.1,5, Marsh, Helene1,5 & Preen, Anthony R.1,4

1School of Tropical Environment Studies and Geography, James Cook University, Townsville, 
Queensland, 4811. 2CALM, Department of Conservation and Land Management, Perth, Western 
Australia. 3Australian Antarctic Division, Channel Highway, Kingston, Tasmania, 7054. 4‘Scott’s 
Plain’, Rollands Plains, New South Wales, 2441. 5CRC Reef Research Centre, P.O. Box 772, 
Townsville, Queensland, 4810. (†Current address: Department of Zoology, P.O. Box 4800, 
Canterbury University, Christchurch, New Zealand.) Email: L.Chilvers@zool.canterbury.ac.nz 

The diving behaviour of 15 dugongs (Dugong dugon) was documented using time-depth recorders 
(TDRs), which logged a total of 39,500 individual dives. Overall, these dugongs spent 49% of their 
daily activities within 1.5m of the sea surface and 72% in less than 3m. Their mean maximum dive 
depth was 4.7m ± 0.2m (s.e.), mean dive duration 2.6min ±5sec (s.e.) and average number of dives per 
hour 11.1 ± 0.2 (s.e.). The maximum dive depth recorded was 20.5m; the maximum dive time in water 
>1.5m deep was 12.3min. The dugongs exhibited substantial individual variation in all dive parameters. 
Dives were categorised into five types based on the shape of the time and depth profile. Of these 67% 
of all dives were interpreted to represent feeding dives, 8% exploratory dives, 22% travelling dives and 
3% resting dives. There was a positive relationship between dive duration and depth and a negative 
relationship between the number of dives per hour and the time spent in water <1.5m deep after a dive. 
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Can the mussel, Xenostrobus securis be 
used as a bioindicator and a biomonitor 
of heavy metals pollution?

Claus, Sonia1*, Ross, Pauline1 & Scanes, Peter2

1University of Western Sydney, Hawkesbury Campus, Locked Bag 
1797, Penrith South DC, New South Wales, 1797. 2NSW Environmental 
Protection Authority, Sydney Email: s.claus@uws.edu.edu.au 

Bioindicators are organisms that concentrate pollutants in their tissues 
from the environment. Many organisms have been used as bioindicators, 
but bivalves have been found to be particularly good bioindicators of 

heavy metal pollution. Biomonitors differ from bioindicators in that a biochemical marker within the 
organism is measured in response to pollution. There are a number of criteria if an organism is to be 
useful as a bioindicator or biomonitor of heavy metal pollution. These criteria include a wide distribution, 
stable population, sedentary, high tolerance to pollution, poor regulator and transplantable. A biomarker of 
particular interest as an early warning of heavy metal pollution is metallothioneins. Xenostrobus securis 
is a little studied, but abundant mussel in temperate mangrove forests surrounding Sydney, Australia. 
It is tolerant of a wide salinity range, is sedentary and is widely distributed in estuaries. There is the 
potential because of these characteristics to use X. securis as a bioindicator and biomonitor of heavy 
metal pollution. It was found that X. securis accumulation and depuration high concentrations of Pb and 
Zn and had greater than 70% survival rate when transplanted over the experimental time period. The 
concentration of metallothioneins in X. securis, however, remained unchanged in urbanised compared to 
non urbanised estuaries. Therefore, X. securis may be a useful bioindicator of heavy metal pollution in 
the less saline areas of the estuary, but metallothioneins in X. securis may not be useful as a biomonitor.

Characteristics of the seagrass Posidonia sinuosa down 
a depth gradient in Cockburn Sound near Perth, Western 
Australia

Collier, Catherine 1*, Paul Lavery 1, Ray Masini 2

1 School of Natural Sciences, Edith Cowan University, 100 Joondalup Drive, Joondalup WA 6027
2 Department of Environmental Protection, PO Box K822 Perth WA 6842
E-mail:c.collier@ecu.edu.au

In response to state government monitoring needs, a three-part research program investigating Posidonia 
sinuosa responses to light availability was established. The first study explores depth-related changes 
in physiological and morphological characteristics of a P.sinuosa meadow on a 9.5m depth gradient in 
Cockburn Sound near Perth, Western Australia. Seagrass meadow characteristics and light were sampled 
at six depths in June 2002 and January/February 2003. Shoot density and biomass declined dramatically 
down the depth gradient in summer and winter, with probable influences on canopy light attenuation. 
Morphological characteristics, including leaf height, leaf width, leaf thickness, and number of leaves per 
shoot demonstrated significant (but lower magnitude) differences between shallowest and deepest sites, 
though the nature of these differences varied seasonally. Shoot productivity (mgdry.shoot-1.day-1) declined 
down the depth gradient in winter but was the same at all depths in summer. Driven predominantly by 
shoot density, meadow-scale productivity (gdry.m-2.day-1) was highest at shallowest sites and declined 
down the depth gradient in both seasons. In summer, chlorophyll concentration was the same at 5 deepest 
sites and lowest at the shallowest site but in winter chlorophyll concentration declined down the depth 
gradient. A complex interaction between water column light attenuation, canopy light attenuation, epiphyte 
biomass and possibly other environmental factors is likely to occur down the depth gradient and contribute 
to the observed differences. Correlating these data with light availability and canopy light attenuation 
and complementing them with additional physiological analyses will allow the application of these 
data to environmental quality criteria. At this point of the research, shoot density appears to be the most 
appropriate parameter for use in monitoring light-related changes to seagrass meadows, and the application 
of other morphological or physiological parameters may lead to inconclusive monitoring results. 
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Prehistoric colour vision: multiple opsin 
genes in the ancestral vertebrates

Collin, Shaun P.1*, Knight, Maree A.1, Davies, Wayne 
L.1, Potter, Ian C.2, Hunt, David M.3 & Trezise, Ann 
E.O.1

1School of Biomedical Sciences, The University of Queensland, St 
Lucia, Queensland, 4072. 2School of Biological Sciences and 
Biotechnology, Murdoch University, Murdoch, Western Australia, 
6150. 3Institute of Ophthalmology, University College London, Bath 
Street, London EC1V 9EL, United Kingdom Email: S.Collin@mailbox
.uq.edu.au 

Lampreys are extant survivors of the agnathan (jawless) stage in vertebrate evolution and they, or their 
close relatives, appeared at least 540MYA. In contrast to northern hemisphere species, the southern 
hemisphere lamprey Geotria australis possesses three morphologically and physiologically distinct types 
of photoreceptors i.e. two cones and one rod with wavelengths of maximal absorbance (downstream/
upstream) at 610/616nm, 515/515nm and 506/500nm, respectively. To investigate the molecular basis of 
these multiple photoreceptor types, and the molecular evolution of the vertebrate opsin genes, we cloned full 
length cDNAs of five opsin genes (LWS, SWS1, SWS2, Rha & Rhb) using reverse transcription PCR from 
retinal RNA. We confirmed, from genomic DNA, that these five genes are all the retinal opsin genes present 
in the Geotria australis genome. The phylogeny of the vertebrate opsin gene family was inferred based on a 
codon-matched nucleotide sequence alignment. We reveal that the three gene duplication events, which gave 
rise to the long/red (LWS), ultraviolet/violet (SWS1), short/blue (SWS2) and ancestral middle/green/rod (Rh) 
opsin genes in vertebrates, likely occurred prior to the divergence of the agnathan jawless fishes and the 
main jawed vertebrate (gnathostomatous) lineages. Although the selection pressures underlying the origins 
of colour vision are still unknown, the early vertebrates lived in a shallow water environment, where a wide 
light spectrum could be exploited by the evolution of multiple visual pigments. Such an event would provide 
the potential for colour discrimination and a significant selective advantage for these early vertebrates.

Stable isotopes in fisheries food webs: adding spatial 
analysis to the toolkit

Rod Connolly* and Andrew Melville
School of Environmental and Applied Sciences, Griffith University, Gold Coast 9726

Email: R.Connolly@griffith.edu.au

Stable isotopes are the most widely used tracers in studies of energy and nutrient transfer in estuarine 
food webs.  The isotope signatures of different primary producers are modeled to determine which 
producers are at the base of food webs supporting consumers of interest.  The use of isotopes in estuarine 
food webs is hampered by the large number of potential sources.  Where the use of multiple elements 
cannot overcome this difficulty, results remain ambiguous.  This is the case for several economically 
important species of fish in Australian estuaries.  Modeling can be vastly improved if there is some 
additional means of determining whether or not potential sources are involved in consumer nutrition.
Isotope signatures of producers vary spatially within estuaries.  This variation can be used to advantage.  If 
a producer is a consistently important source of nutrition for a consumer, the consumer isotope signature 
will tend to match values for the producer from location to location.  For fish in estuaries, we tested the 
strength of this locational tracking using correlation analysis on fish and producer signatures.  As well 
as using the two elements (carbon, nitrogen) individually, we developed a randomisation procedure 
based on both elements combined in two-dimensional space.  Spatial analysis was able to highlight 
the importance of producers considered unlikely to contribute to fish nutrition based simply on whole 
estuary mixing models.  For example, whole estuary modeling indicated that yellowfin bream ultimately 
relied on seagrass and microalgae.  Spatial analysis showed that seagrass was important, but also that 
mangroves were certainly involved in bream nutrition.  Revised mixing models showed that seagrass 
provided the majority of nutrition, mangroves provided up to 30%, and microalgae provided little.  
Spatial analysis is clearly a technique worth adding to the stable isotope toolkit for estuarine food webs.
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The impact of bait pumping on 
populations of the ghost shrimp Trypaea 
australiensis (Decapoda: Callian-
assidae) and the sediment environment

Contessa, Leanne & Bird, Fiona L.*

Department of Zoology, La Trobe University, Bundoora, Victoria, 3086 
Email: f.bird@zoo.latrobe.edu.au 

This study investigated the relative effects of bait pumping and mudflat 
disturbance associated with bait pumping on populations of the ghost 

shrimp Trypaea australiensis and various sediment properties at Coronet Bay, Western Port, southern 
Australia. The experiment followed a BACI design, with three months of sampling before and after 
the simulated impact. Control plots were left undisturbed while two disturbance treatments (impact 
and procedural control) were bait-pumped. Ghost shrimp were removed from the impact plots whereas 
ghost shrimp were allowed to re-burrow in the procedural control plots. The purpose of the procedural 
control was to test for the effect of the disturbance associated with bait pumping. Initial destruction 
of burrows and compaction of sediment due to bait pumping and trampling of the mudflat, reduced 
sediment porosity and created more reducing conditions to depths of 20cm. The proportion of small 
particles (< 250∝m) and abundance of benthic microalgae increased in surface sediments, whereas 
organic carbon content decreased. Ghost shrimp abundance decreased considerably and was slow to 
recover over the experimental period. Both disturbance treatments responded similarly indicating that 
the mudflat disturbance associated with bait pumping was the major cause of the effects observed.

The role of different types of detached macrophytes for 
Allorchestes compressa, a surf-zone amphipod 

Crawley, Karen 1*, Hyndes, Glenn 1 and Ayvazian, Suzy 2

1 Centre for Ecosystem Management, School of Natural Sciences, Edith Cowan University, Joondalup 
WA 6027
2 Department of Fisheries, Western Australian Marine Research Laboratories, North Beach 6020
E-mail: k.crawley@ecu.edu.au

The importance of different types of detached macrophytes as a habitat and food source for the invertebrate 
prey of juvenile fish in nearshore waters was investigated. Detached macrophytes (commonly called wrack) 
comprises seagrass, brown algae, red algae and green algae, which wash into the surf zone from offshore 
areas and provide food for invertebrates, which in turn are consumed by fish in nearshore areas. The 
amphipod Allorchestes compressa has been shown in past studies to be the dominant macroinvertebrate in 
south-western Australian wrack, and is one of the main prey of juvenile fish in wrack habitats. The present 
study examined the dietary and habitat preferences of this amphipod using a series of tank experiments. 
The first experiment tested for dietary preference of eight types of macrophytes, where the macrophytes 
were placed in treatment and control tanks and amphipods were placed in the treatment tanks to feed 
for 4 days. Allorchestes compressa consumed over 70% brown algae, and only small amounts of green 
and red algae and seagrass. The second experiment tested for habitat preference using the same eight 
macrophytes, where a series of pairwise tests were used to test for differences in numbers of amphipods 
between each macrophyte habitat after a three hour period. These tests showed that A. compressa selected 
seagrass as its preferred habitat over the other types of wrack. Allorchestes compressa may have adapted 
to utilise the two most dominant types of macrophytes in wrack accumulations, brown algae as a food 
source and seagrass as a habitat. The importance of different types of wrack highlights a strong link 
between offshore production which has moved into nearshore habitats. The need to manage the diversity 
of macrophyte types in coastal areas to support invertebrate and fish production will be discussed.
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Diel and Tidal variations of soft-bottom 
benthic assemblages associated with 
boulder fields

Cruz-Motta, J.J.*, Underwood, A.J. & Chapman, M.G.
Centre for Research on Ecological Impacts of Coastal Cities, Marine 

Ecology Laboratories A11, University of Sydney, New South Wales, 
2006 Email: jcruz@bio.usyd.edu.au 

It is very common among intertidal organisms to show strong behavioural 
and ecological responses to the cycle of tides and time of the day. These 
responses can be modulated and modified by the presence of refuges. In 
this study, we investigated the composition of assemblages living in sediments associated with boulder 
fields (below and adjacent to boulders) under different tidal (high/low) and diel (day/night) conditions, 
at three different locations on three different occasions. It is known that, during low tide in the day, 
assemblages living in sediments below boulders are different from those living in sediments not overlaid 
by boulders. It is, however, not known whether these differences are consistent under different tidal/diel 
conditions. Significant differences between assemblages living in sediments below boulders and those 
living in sediments not overlaid by boulders persisted during different combinations of daylight and state 
of tide. Species responsible for those differences did, however, change under the four tidal/diel conditions 
and across all locations. In addition, based on the model that boulders may play an important role as 
providers of physical refuge, it was predicted that differences between assemblages living in sediments 
under boulders and those living in sediments outside boulders would be greater during low tide than during 
high tide, independently of the time of the day. Nonetheless, data showed the contrary. Differences between 
assemblages below and outside boulders were consistently greater during high tide than during low tide at 
all locations and times. Moreover, dissimilarities among replicates within microhabitats (below vs. outside 
boulders) were consistently smaller during high tide than during low tide, independently of the time of 
the day, location or sampling time. It is proposed that isophasic (up and down with the tide) movements 
of the components of these assemblage are commoner than isospatial (in and out of refuges) movements. 

The isopod Anilocra apogonae affects the physiology and 
behaviour of its host fish Cheilodipterus quinquelineatus

Curtis, Lynda1*,Ostlund-Nilsson, Sara2, Nilsson, Goran 3 & Grutter, Alexandra4

1, 4 Department of Zoology and Entomology, University of Queensland, Brisbane 4072.1; 2VTHRC, Shool 
of biomedical sciences, University of Queensland, Brisbane 4072.
3 Division of General Physiology, Department of Biology, University of Oslo, P.O.Box 1051, N-0316 
slo, Norway; Email: lynda.curtis@healthywaterways.org 

Little is known about the effects of isopods on their host fish, particularly on coral reefs. We examined 
the effect of the cymothoid isopod, Anilocra apogonae, on the physiology  and behaviour of its host, the 
cardinal fish, Cheilodipterus quinquelineatus at Lizard Island. While the body condition of parasitised and 
non-parasitised fish was not significantly different, parasitised C. quinquelineatus had significantly higher 
oxygen consumption rates and lost 35% more weight when they were deprived of food. Furthermore, when 
the isopods were removed from the parasitised fish the oxygen consumption rates of these fish did not 
differ from that of non-parasitised fish, suggesting that the isopod is responsible for the increased oxygen 
consumption rates of host fish. The rate of pectoral finning of parasitised fish was 25% higher han the 
non-parasitised fish and the removal of isopods also resulted in a decrease in pectoral finning to an amount 
more similar to that of non-parasitised fish. A. apogonae also caused a significant decrease in the maximum 
sustained swimming speed and the time to fatigue of the host. We propose that the off-centre position 
occupied by the large parasite on the host’s head may cause an assymetrical distribution of weight and a 
higher water resistance. The fish may therefore use more energy attempting to compensate for this weight. 
However, despite the obvious negative effects on host fitness, parasitised males were not discriminated 
against by females during mate choice trials with females showing no preference for either parasitised or non-
parasitised males. Overall, the results suggest that the cymothoid isopod, A. apogonae is costly to its host.
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Coral disease within the Solitary Island 
Marine Park 
(South West Solitary Island), NSW, 
Australia

Dalton, Steven J.* and Smith, Stephen D. A.
School of Environmental Sciences and Natural Resource Management, 
University of New England, Armidale, NSW 2351, Australia; National 
Marine Science Centre, Bay Drive, Coffs Harbour, NSW 2450, Australia; 
E-mail: sdalton@nmsc.edu.au

Coral disease within the Solitary Island Marine Park (SIMP) 
was first reported during coral bleaching surveys. In 2000 coral species observed to be affected 
were Acropora solitaryensis and Turbinaria frondens, however, recent investigations indicate that 
other species are affected by coral tissue necrosis similar in characteristics to recently reported 
epizootics throughout the world, including regions within the Great Barrier Reef Marine Park. 
Underwater surveys were conducted in April 2003 on sublittoral rocky reefs in the SIMP (South West Solitary 
Island). During radial arc transects (10m radius), coral community composition and coral colonies displaying 
disease characteristic within the 8-10m segments (113 m2) were recorded. Six coral species (Turbinaria 
frondens, T. radicalis, Acropora solitaryensis, Pocillopora damicornis, Goniastrea australensis and 
Acanthastrea lordhowensis) were identified as being affected by recent tissue necrosis and the characteristic 
white banding of recently exposed skeleton. Pooled transect data revealed that the overall disease incidence for 
the six species affected was 7%. Turbinaria frondens, Acropora solitaryensis and Pocillopora damicornis were 
the most affected species with mean percentage coral disease (MPCD) of 13.5%, 9.5% and 5.1%, respectively
Analysis of video transects indicate that the incidence of coral disease tends to be clustered. Disease frequency 
was significantly higher (F2,12 = 14.91, p = 0.001) at the north western location, with MPCD decreasing at 
locations to the east and south.  Further research will determine virulence of disease: i) through individual 
colonies using photographic records taken over a period of six months; and ii) through the coral community 
by the comparison of radial belt transects and video transect recordings through time. It is hoped that with 
additional studies into the histology and the etiology of the coral disease, causal agent(s) will be confirmed.

Molecular basis of larval development and early 
metamorphosis in the ascidian Herdmania curvata

Degnan, Bernard1*, Woods, Rick1,2, Bebell, Lisa1, Roper, Kathrein1,2 & Lavin, 
Martin2

1Department of Zoology & Entomology, The University of Queensland, St Lucia, Queensland, 
4072. 2Queensland Institute of Medical Research, Brisbane, Queensland, 4022 Email: 
bdegnan@zen.uq.edu.au 

Within fours hours of hatching, Herdmania curvata larvae become competent to respond to environmental 
signals that induce settlement and metamorphosis. Initiation of metamorphosis requires activation of 
the MAPK pathway and signalling from Hemps, a novel EGF-like protein. Inhibition of MAPK and 
Hemps signaling stops metamorphosis at palp retraction and tail resorption respectively. We used a gene 
expression profiling approach with a microarray consisting of 4,800 cDNAs that has ~21% redundancy 
to assess gene activity during the acquisition of competence and early metamorphosis. Molecular 
profiling reveals that a significant portion of the genome, ~33%, is activated or repressed during 
larval development and early metamorphosis. Approximately 39% of the genes that are differentially 
expressed during early metamorphosis are affected in larvae treated with a neutralising anti-Hemps 
antibody that inhibits metamorphosis. These genes are implicated in a range of developmental and 
physiological roles, including innate immunity, signal transduction and gene transcription. In situ 
hybridization analyses of a subset of genes that are induced in competent larvae reveal dramatic changes 
in localised expression occurring between larval hatching, competence and early metamorphosis.
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Cyclisation of α-conotoxins

Dempster, Louise*, Clark, Richard, Rosengren, Johan, 
Daly, Norelle & Craik, Richard

Institute for Molecular Biosciences, The University of Queensland, St 
Lucia, Queensland, 4072 Email: l.dempster@imb.uq.edu.au 

Conotoxins are small disulfide-rich peptide obtained from the venom 
of predatory marine molluscs, known as Cone Snails (Conus). These 
peptides elicit a broad range of pharmacological actions, and it is these 
actions that have allowed for classification into numerous different 
families. The α-conotoxin family consists of members that antagonise 
the nicotinic acetylcholine receptors (nAChRs). Discovery of this family has allowed nAChRs to be 
studied with relative ease as α-conotoxins have the ability to discriminate between the various subunits of 
these receptors. Apart from being extremely useful as research tools, it is believed that these toxins could 
be exploited as potential drug leads for diseases such as Parkinson’s Disease, Alzheimer’s Disease and 
Schizophrenia. Despite the potential promise of α-conotoxins as novel drug leads, they are still peptide 
and hence share the major downfalls of most peptides, i.e. poor bioavailability and susceptibility to 
enzymatic degradation. As a result, conotoxins are likely ineffective via the oral route of administration 
hence decreasing their capacity for use within the pharmaceutical industry. However, in order to harness 
their potential, a cyclisation strategy has been proposed in order increase the stability of the peptides, 
possibly producing resistance to enzymatic degradation, hopefully resulting in oral activity. To test this 
theory, two cyclic analogues of α-conotoxin MII were produced and the structures deduced using NMR 
Spectroscopy. We propose that the cyclisation strategy has the potential to create highly selective and 
potent drugs for numerous neurological diseases from the many and varied conotoxins available. This is an 
extremely new and exciting area in both marine natural product research and drug design and development.

Density dependent growth response in adult greenlip 
abalone

Dixon, Cameron* and Day, Robert
Zoology Department, The University of Melbourne, Victoria.

E-mail: camnjo@optusnet.com.au

Growth of slow growing ‘stunted’ abalone was enhanced by reducing their natural density and by 
translocation to habitats supporting faster growing populations. The pattern of enhanced growth relative 
to controls was consistent among density-reduced sites, despite differences in habitat complexity, so that 
reduced density resulted in a significant increase in growth. Stunted abalone also showed a consistent 
pattern of enhanced growth when translocated to different fast growth sites. When compared to slow 
growth controls, the response of translocated abalone varied with initial length in the same manner 
as density reduction. When compared to fast growth controls, translocated abalone had similar trends 
in size versus growth, yet grew consistently slower among all size categories. Slow growth controls 
from the two experiments were compared and showed that tagging abalone at the surface significantly 
decreased abalone growth when compared to tagging in situ. When both these slow growth control data 
sets were applied to an egg per recruit model, egg production from the population of surface tagged 
abalone would have been compromised under the conservative size limit suggested for the in situ tagged 
population. This study demonstrates that both reduced density and better quality habitat positively 
influence growth patterns of adult greenlip abalone populations, producing the same short-term response, 
suggesting that food availability limits the growth of stunted populations. It also demonstrates that tagging 
method can significantly inhibit abalone growth, which in turn can compromise fishery sustainability.
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From concept to commercialisation: 
Amusium balloti sea ranching in 
Queensland
Duncan, Peter1*, Wang, Sizhong2, Degnan, Bernard2, 
O’Brien, Elizabeth3, Whittingham, Ted4 & Knibb, 
Wayne3

1Faculty of Science, University of the Sunshine Coast, Maroochydore 
DC, Queensland, 4558. 2Department of Zoology and Entomology, The 
University of Queensland, St Lucia, Queensland, 4072. 3Agency for 
Food and Fibre Sciences, Bribie Island Aquaculture Research Centre, 

DPI, Queensland. 4Queensland Sea Scallops Ltd. EMail: pduncan@usc.edu.au 

The east-coast trawl fishery for the saucer scallop, Amusium balloti, is worth around $20m per annum and is one of 
Queensland’s most valuable fishery products. However, natural fluctuations in wild scallop numbers, combined 
with probable overfishing, has led to highly variable and reducing catches over recent years. Furthermore, 
pressure to minimise the environmental impacts of fishing has led to changes in fisheries management policy, 
with the result that the fishing fleet has been reduced significantly. As a result, there has been continued 
interest in developing alternative production and management options, e.g. scallop aquaculture, ranching and 
restocking. Unfortunately, behavioural and physiological characteristics of the saucer scallop means that spat 
cannot be obtained from the wild and must therefore be produced in a land-based hatchery. However, until 
recently large-scale production has not been possible. Since 1999 research scientists from the Department of 
Primary Industries (Bribie Island), University of the Sunshine Coast and the University of Queensland have 
collaborated on a project aimed at enabling hatchery production of saucer scallop spat and resulting in the 
production of thousands of juvenile scallops. The other key factor in the project’s development has been the 
integral role provided by industry. A commercial company, Queensland Sea Scallop Ltd, has successfully 
pioneered the novel concept of seabed aquaculture licensing in Queensland, and have worked in cooperation 
with research scientists to apply the technologies in Hervey Bay. Here we outline the progress and achievements 
of A. balloti culture in Queensland and the current status of the ranching programme, including industry status.

Do large-scale patterns in abundance and composition of 
macro- and meiobenthos reflect managerial classifications 
of coastal lakes?
Dye, A.H.*

Centre for Research on Ecological Impacts of Coastal Cities, Marine Ecology Labs A11, University of 
Sydney, New South Wales, 2006 Email: adye@bio.usyd.edu.au

Concern about degradation of coastal lakes in Australia has prompted calls for changes in the way they 
are managed. One recommendation is for the implementation of a program to “progressively minimise 
intervention in natural entrance behaviour”. Many lakes are opened mechanically in response to rises in 
water level and some are kept open continuously by training walls or dredging. Some terms used to describe 
and guide management of these lakes include: trained/untrained; severely/moderately impacted; targeted 
repair, special protection; urban, rural etc. To have meaning in the context of ecologically sustainable 
development, these should relate to ecological attributes of coastal lakes. Uni- and multivariate analyses 
of abundance of macro- and meiobenthos obtained during three visits to eight lakes representing replicate 
classifications are presented. Macrofaunal diversity was higher in open than in closed lakes, particularly in 
the inner reaches, with oligochaetes and polychaetes being most abundant. Among meiobenthos, nematodes, 
harpacticoid copepods and turbellarians were most abundant in mouths, while in the inner reaches, 
nematodes, turbellarians and polychaetes dominated. There were consistent differences in the composition 
of infauna between open vs. closed lakes and between the mouths and inner reaches, but composition was 
largely independent of any other classification. Spatial variability in composition was greatest in open 
lakes while mouths were more variable than inner reaches. Composition and abundance of infauna do 
not appear to reflect the managerial classifications of the lakes, but rather their degree of connection with 
the open sea. Reliable predictions of the impact on the infauna of changes in managerial strategies cannot 
be made until there is a better understanding of the relationship between mouth-dynamics and infauna. 
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Optimising the biodiversity of 
macroinvertebrates on artificial reefs

Edwards, Rhys A.* and Smith, Stephen, D.A.
National Marine Science Centre, Bay Drive, Coffs Harbour, NSW, 2450

School of Environmental Science and Natural Resources 
Management, University of New England, Armidale, NSW, 2351. 
Email: redwards@nmsc.edu.au

Artificial reefs are often deployed in nearshore waters as engineering 
solutions to address local, physical issues such as coastal erosion. However, 
they also provide a stable platform for the establishment of diverse epibenthic 
communities. Physical factors, such as reef size and substratum heterogeneity will influence the structure and 
biodiversity of benthic communities. Materials used in reef construction may also have an important effect. 
Non-woven geotextiles, manufactured from recycled plastics, have been used in the construction of the 
nearshore reef at Narrowneck (Surfers Paradise, Qld.). In a unique “soft” engineering response to the issue 
of coastal erosion, large (100 –300t) sand-filled geotextile bags were deployed from a GPS-guided hopper-
dredge. One of the issues in the design of the Narrowneck Reef was the choice of geotextile which, ideally, 
should be sufficiently robust to provide long-term stability of the reef while maximizing the biodiversity of 
the recruiting assemblage. In this study, we compare four different, commonly used geotextiles (2 woven 
and 2 non-woven) to determine their relative abilities to support diverse macroinvertebrate assemblages. 
Replicate panels (150 x 200mm) of each geotextile were attached to steel racks and deployed on a subtidal 
reef in the Solitary Islands Marine Park. Four replicate samples of each type were then retrieved 2, 4, 
8 and 16 weeks after deployment. After only 8 weeks, non-woven geotextiles consistently supported 
much higher faunal abundance and species richness than woven geotextiles. There were also obvious 
differences between the two non-woven varieties. These results clearly demonstrate that geotextile type 
can have a strong effect on the ability of artificial reefs to recruit diverse macroinvertebrate assemblages. 
This is likely to have a flow-on effect to other, larger taxa that rely on these smaller animals for food.

Sponge natural products—developing supply sources

Ettinger-Epstein, Piers* 
School of Marine Biology and Aquaculture, James Cook University, Townsville, Queensland, 4811 Email: piers.ettingerepstein@

jcu.edu.au 

Advances in biotechnology now provide an unprecedented opportunity for identifying, using, producing 
and managing marine resources. Complex metabolic pathways and defence systems of marine organisms 
represent a rich source of new natural products for medicine and industry. Marine organisms in Australia 
offer a largely unexplored potential for providing novel therapeutic agents. More than 50% of reported 
natural products are derived from sponges and many of these show promise in a wide variety of 
therapies. Aquaculture is likely to provide an inexpensive, reliable, and innovative method by which to 
produce natural products for therapeutic use. Prior to any aquaculture pilot, quantification of intraspecific 
variation of natural products, and the determination of the chemical ecology of target species must 
be determined. This will provide quantitative grounds for the (1) selection of high yielding stocks; 
(2) optimisation of seeding, cloning, somatic growth, and production protocols of desirable sponges.
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The last supper: the diet of sperm 
whales, Physeter macrocephalus, from 
southern Australian waters

Evans, Karen* & Hindell, Mark A.
Antarctic Wildlife Research Unit, School of Zoology, University of Tasmania, GPO Box 
252-5, Hobart, Tasmania, 7001 Email: Karen.Evans@csiro.au 

Stomach contents were collected from 36 sperm whales (Physeter 
macrocephalus) involved in two mass stranding events during the 
month of February 1998 along the west coastline of Tasmania, Australia. 
Contents were dominated by oceanic cephalopods with total of 101,883 

cephalopod beaks found representing 48 species from 14 families of Teuthids, two species from two 
families of Octopods and the single Vampyromorph species. Species diversity was found to be higher in 
these animals than other sperm whales studied in the Southern Hemisphere, with samples containing an 
average of 28.4 species per sample. Diet samples were dominated by subtropical and muscular cephalopod 
species. Members of the family Histioteuthidae were the most important numerically and were also 
important in terms of estimated reconstituted mass, although members of the Onychoteuthidae dominated 
samples by estimated reconstituted mass. Numerically, species from the Cranciid, Lepidoteuthid, 
Onychoteuthid and Pholidteuthid families dominated samples, while the Architeuthid, Pholidoteuthid 
and Ommastrephid families were important in terms of reconstituted wet weight. Cephalopod species 
composition varied with stranding site and with sex, but did not with age. However, differences did not 
represent systematic variation and samples were marked by high individual variability. Lower rostral 
lengths of all cephalopod species ranged from 1.3-40.7mm. Calculated dorsal mantle lengths from all 
species ranged from 10.7-2,640.7mm (mean=233.7±215.7mm) and estimated wet weights of cephalopod 
prey ranged from 2.7-110,233.1gm (mean=828.3±3,073.6gm). While there were differences in the size 
of some cephalopod species between stranding sites and with age, this was marked by high individual 
variability. Differences in diet composition and prey size between sperm whales reflect individual 
variability in foraging success and perhaps also foraging groups related to the social structure of this species.

A Numerical Model of Autotrophic Growth in Seagrass 
Communities

Everett, Jason1*, Baird, Mark2 & Suthers, Iain1

1School of Biological, Earth and Environmental Science, 2School of Maths, University of New South 
Wales, Sydney, New South Wales, 2052 Email: Jason.Everett@student.unsw.edu.au 

A numerical model was developed to study autotrophic growth in seagrass dominated estuaries, and to 
examine the ecological responses to increases in the load of nutrients and suspended sediments in Wallis 
Lake, NSW. Mechanistic descriptions of autotrophic growth were used, with mass-transfer relationships 
applied to nutrient-limited growth. Results indicate that water residence time and increased loads of 
nutrients and suspended sediments strongly impact seagrass communities. Eutrophic conditions promoted 
the growth of epiphytic and benthic microalgae, leading to a decline in seagrass biomass. An increase in 
the nutrient load from 3 to 10 t(N).km-2.y-1 resulted in a 54% reduction in light availability. Furthermore, 
increased water turbidity, caused by increases in the load of suspended sediment, led to a 42% reduction 
in seagrass biomass. Critical nutrient loads were explored as thresholds for the management of seagrass-
dominated estuaries, with an estuary-specific critical load of 8 t(N).km-2.y-1 for Wallis Lake inferred 
from the results, supporting a previous estimate of 8-10 t(N).km-2.y-1. Estuarine health deteriorates 
beyond this load, with the system becoming dominated by epiphytic and benthic microalgal growth.
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Postmetamorphic ontogenesis and 
recruitment in Ophiactis resiliens 
(Echinodermata: Ophiuroidea): the link 
between juvenile and adult habitats

Falkner, Inke* & Byrne, Maria
Department of Anatomy and Histology, F13, University of Sydney, New 

South Wales, 2006 Email: Inke@anatomy.usyd.edu.au 

Recruitment and postmetamorphic growth of juvenile Ophiactis resiliens 
collected from the algal turf nursery habitats was investigated for 1 year 
at two sites in New South Wales. Development of the skeleton was documented by a scanning electron 
microscopy and an ontogenic growth series was established to assist identification of juveniles in the field. 
Skeletal structures characteristic of adult O. resiliens including the paired oral papillae and the presence of five 
spines per arm segment did not develop until several months post settlement. The link between the juvenile 
and adult habitats was investigated by documentation of the size – frequency distribution of O. resiliens 
in algal turf and the adjacent boulder field. O. resiliens recruits to algal turf in the summer as the juveniles 
grow to a disc diameter of 2–3mm by April / May. At this stage they appear to migrate to the adult habitat. 
Adult O. resiliens, 3–7mm disc diameter, were common under boulders adjacent to the juvenile turf habitat.

Ontogeny of resource partitioning through oceanic 
segregation of juvenile southern elephant seals

Field, Iain, C.1*, Hindell, Mark, A.1, Bradshaw, Corey J. A.1, Burton, Harry R.2 
& Sumner, Michael D.3,1

1Antarctic Wildlife Research Unit, School of Zoology, University of Tasmania, Private Bag 05, Hobart, 
Tasmania, 7001. 2Australian Antarctic Division, Channel Highway, Kingston, Tasmania, 7050. 
3Antarctic CRC and Institute of Antarctic and Southern Ocean Studies, University of Tasmania, 
Private Bag 77, Hobart, Tasmania, 7001 Email: icfield@utas.edu.au 

Many studies have shown that juveniles are an important component of dynamics of populations. For 
juveniles to be successful competitors in a resource-limited environment, some degree of segregation and 
resource partitioning can evolve. The Southern Ocean is a highly dynamic and unpredictable environment 
and those species that live within it have evolved behaviours to reduce competition and increase their 
probability of survival. We tracked the at-sea movements of 48 juvenile southern elephant seals between 
the ages of one and four years using locations derived from recorded light levels. There were significant 
differences in the area of the Southern Ocean covered by the different age groups; younger seals used less 
area than older seals. On average, the younger individuals also made more trips to sea and did not travel 
as far during each trip. Although females spent more time at sea than males, there were no significant 
differences in the area used between the sexes. These differences in behaviour create temporal and spatial 
segregation between the different age groups. Therefore, we suggest that southern elephant seals have 
evolved temporal and spatial separation in foraging to avoid intra-specific competition for resources. 
This occurs through modification of their haul-out timing in conjunction with normal development 
toward adulthood, thus enabling them to remain successful in a patchy and unpredictable environment.
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Diet of Antarctic fur seals (Arctocephalus 
gazella) at Heard Island

Finger, Annett1, Goldsworthy, Simon1, Page, Brad1 and 
Green, Ken2 
1Sea Mammal Ecology Group, Department of Zoology, La Trobe 
University, Bundoora 3086; 2Parks and Wildlife Services, New South 
Wales; 
E-mail: a.finger@zoo.latrobe.edu.au

The diet of breeding (female) and non-breeding (male) 
Antarctic fur seals at Heard Island in 2000/01 was investigated 

using faecal analysis. Two data sets from previous studies of the diet of Antarctic fur seals 
at Heard Island, 1987/88 and 1992/93, were re-analysed in terms of estimated prey biomass. 
Interannual comparisons were undertaken to examine seasonal variation in fish prey composition. 
Fish was found to be the most important prey group in the diet of Antarctic fur seals in three breeding 
seasons. The predominant prey species was Champsocephalus gunnari (Mackerel icefish), which is a major 
commercial species in the region. In 2000/01, the diet in estimated biomass of breeding seals was composed 
mainly of C. gunnari (80%) and Gymnoscopelus nicholsi (13%), while the non-breeding population of seals 
fed on C. gunnari (77%) and Channichthys rhinoceratus (9%). Although the core of the diet was similar 
in both groups of the population, significant differences in temporal variation were found. Interannual 
comparisons confirmed C. gunnari as the most important prey of Antarctic fur seals in the breeding season 
at Heard Island (54%, 78% and 86% of estimated fish prey biomass in 1987/88, 1992/93 and 2000/01, 
respectively). The diet showed great similarity between years, although significant variations between 
years in the importance of minor fish prey were detected. This study represents the most comprehensive 
analysis of the diet of Antarctic fur seals at Heard Island to date and the first attempt to reconstruct prey 
biomass. Our results highlight the potentially significant impact fur seal predation exerts on the biomass 
of C. gunnari, which must be an important consideration to fishery management in the Heard Island 
– McDonald Islands (HIMI) region. The implications of a potential competition between breeding seals 
and the HIMI fishery need to be thoroughly evaluated to ensure the ecological sustainability of the fishery.

Science not scenery! Selecting locations for ‘no take’ 
marine reserves in Western Australia.

Nicola J. Fox and Lynnath E. Beckley
School of Environmental Science, Murdoch University, Murdoch, WA 6150

Email: nfox@essun1.murdoch.edu.au

Along the extensive coastline of Western Australia, there are only six multiple use marine parks and one 
marine nature reserve. In 1994, a further 70 candidate areas suitable for protection were identified and form 
the basis of ongoing efforts by the Department of Conservation and Land Management to establish marine 
protected areas. These areas were selected using a ‘delphic’ approach, based on their conservation, scientific 
and recreational value. However, with the emerging science of marine reserves it is appropriate to revisit this 
selection by applying new methods such as iterative selection and mathematical modelling techniques. The 
paucity of relevant data at present precludes the use of mathematical modelling techniques but the use of 
less data intensive iterative selection techniques are feasible. A database of distribution ranges of neritic fish 
species based on the updated Zoological Catalogue of Australia augmented by Western Australian Museum 
records has been developed. The WA coast was divided into 250km sections and each fish species allocated 
to the sections on a presence/absence basis. The data have been interrogated for endemism, species richness 
and biogeographic patterns and results to date will be presented. Of the 2127 species of 215 families found 
in coastal and shelf waters of WA, 7% are WA endemics, 17% Australian endemics and 70% wide ranging 
Indo-Pacific species. This preliminary study is a prelude to undertaking iterative complementarity analysis 
to ascertain the most efficient selection of reserve sites to conserve neritic fish diversity of Western Australia.
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Molecular Taxonomy and Population 
Genetic Processes in the Genus Sousa.

Frere, Celine*, Hale, Peter, and Ross, Graham
Center of Conservation Biology, University of Queensland, St Lucia 

4067
E-mail: cfrere@zen.uq.edu.au

The hump-backed dolphin, Genus Sousa, is a small inshore cetacean in 
the sub-family Delphininae, often associated with rivers and estuaries. It 
is found in the Western Pacific and Indian Oceans and West Africa. The 
species taxonomy is unclear, with two to five species presently identified. 
This study investigates taxonomy within the Genus and population genetic processes, assaying sequences 
variation of the mitochondrial control region and nuclear microsatellite loci. A total of 81 individuals 
from three localities along its geographical range was analyzed (Honk Kong (19), Natal (23), Eastern 
Australia (23),Northern Australia (1), Western Australia (2), Mauritania (2) and Somalia (1)), incorporating 
a data set from closely related species, Tursiops aduncus, Tursiops truncatus, and Delphinus delphis. 
The pattern of mtDNA and allele size frequency distribution provided evidence of strong female philopatry, 
assuming male-biased gene flow, even though restricted to the localities studied, as the key factor in 
maintaining genetic diversity within populations. Such restriction in the gene flow at both male and 
female level shows consistency with the morphological differences identified among localities. An overall 
estimate of low genetic diversity at each locality was found at both mtDNA and nuclear microsatellite 
analysis due to strong genetic drift, which extent strongly correlates to the presence of small effective 
population size at each locality. To conclude the analysis of both mitochondrial and nuclear DNA revealed 
levels of divergence of similar magnitude to that between related known species, strongly indicating 
levels of species divergence among the three localities. The molecular taxonomy generated in this study 
proposes to divide the Genus into at least three different species: Australia, Honk Kong, and Natal. 

Physiology of the Retina in Blue Water Fishes

Fritsches, K.A.1*, Ala-Laurila, P.2, Brill, R.W.3 & Warrant, E.J.4

1Vision, Touch and Hearing Research Centre, The University of Queensland, St Lucia, Queensland, 
4072. 2Laboratory of Biomedical Engineering, Helsinki University of Technology, Finland. 3National 
Marine Fisheries Service, Virginia Institute of Marine Sciences, USA. 4Department of Cell and 
Organism Biology, University of Lund, Sweden Email: Kerstin.Fritsches@uq.edu.au

Blue water fishes such as tuna and billfish are found in the open waters of the world’s oceans. Recent 
tagging studies have shown that these species inhabit different vertical niches, feeding on prey aggregations 
at different depths1. In an ongoing investigation we aim to unravel how the visual system of these animals 
has adapted to their different vertical habitats. Here we present results from our electrophysiological 
studies on temporal resolution, sensitivity to light and the effect of temperature on the physiology of 
the retina of different blue water fishes. Electroretinograms (ERGs) were recorded at sea from isolated 
retinae of eight different species of blue water fishes. The fishes were caught on US National Marine 
Fisheries Service research vessels, immediately euthanised by spinal incision and the eyes removed. 
Isolated retinas were exposed to trains of light flashes with different amplitudes and frequencies and 
the subsequent changes of the retinal potential at the layer of the photoreceptors were recorded using 
Ag/AgCl electrodes. The results of our comparative study reveal specific physiological adaptations of 
the visual system to the different hunting depths of blue water fishes. Yellowfin tuna and dolphinfish, for 
instance, which hunt in the brightly lit surface layers of the ocean, have fast Flicker Fusion Frequencies 
(FFF) of up to 80Hz. Bigeye tuna and swordfish on the other hand are known to feed in darker depths 
at 600-900m and reveal moderate FFF at 30-40Hz. The sensitivity of the retina as indicated by the 
relationship of ERG amplitude and light intensity shows a lower sensitivity in shallow divers while 
deep divers respond with higher amplitude to dimmer light intensities. In all species the FFF declines 
with decreasing temperature. These results and their implications for visual abilities in blue water fishes 
will be discussed. [1Block & Stevens (eds.) Tuna: Physiology, Ecology and Evolution. Academic Press.] 
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Principal factors affecting the growth 
and N2 fixation of the cyanobacterium 
Trichodesmium sp.

Fu, Fei-Xue* & Bell, P.R.F.
Department of Chemical Engineering, The University of Queensland, St 
Lucia, Queensland, 4072 Email: tracyfu@cheque.uq.edu.au 

In the Great Barrier Reef (GBR) lagoon, Trichodesmium spp. often 
dominates the microplankton production. There is evidence that its 
growth has increased in recent times. Its growth could be a major 
contributor to eutrophication and hence the destruction of corals in the 

GBR lagoon. Although the factors promoting the growth and N2 fixation of Trichodesmium still remain 
poorly understood, possible increased supply of necessary nutrients (e.g. phosphorus, iron) via run-off 
from the coastal catchments could be a principal cause. Here we report on studies that investigated various 
chemical and physical factors affecting the growth and N2 fixation of cultures of Trichodesmium. Additions 
of Fe over the range 9nM to 450nM stimulated the growth and N2 fixation rate of Trichodesmium sp. The 
maximum specific growth rate was found to increase with the dissolved inorganic phosphorous (DIP) 
concentrations up to 3.5µM. DIP concentrations up to 1.25µM significantly enhanced N2 fixation rates 
while high concentrations >6.5µM tended to inhibit N2 fixation rates. Trichodesmium can use organic P 
for growth. Added combined nitrogen (NH4

+, NO3
-, urea) of 10µM did not inhibit N2 fixation in short-

term studies (first generation), however it was depressed in the long-term studies (fifth generation), 
suggesting Trichodesmium has the capacity to fix N2 in the presence of combined N sources. The active 
growth and N2 fixation occurred over salinities in the range 22-43psu and the maximum growth and 
N2 fixation rates occurred in the range 33-37psu. N2 fixation was dependent on the light intensity and 
stimulated more by white light when compared to blue, green, yellow and red light. Trichodesmium may 
have more efficient growth under low irradiance (45-80µmol quanta m-2 s-1) and under green and yellow 
light. These observations could explain why maximum biomass often occurs at depth in the GBR lagoon.

Preliminary results for a study on Parasite removal 
using chemical baths and the effect of captivity on the 
ectoparasites of coral trout Plectropomus leopardus

Fury, Christine and Grutter, Alexandra
School of Life Sciences, The University of Queensland, St. Lucia 

We examined the efficacy of parasite removal using chemical baths and the effect of captivity on the 
parasites of coral trout Plectropomus leopardus. Parasite loads were examined at two different times (5 To 
10 days apart) with the second after exposure to cleaners for 12 h, twice. Fish had 15 different parasites: 
monogeneans Benedenia sp. a, b, c and d, and Diplectanum sp.; copepods Dissonus manteri, Hatschekia 
plectropomi, Lernanthropidae sp., Lepeophtherius plectropomi, and nauplii; gnathiid isopods; other 
isopods; nematodes; and turbellaria. Captive fish received a Praziquantel antihelmitic and a freshwater 
bath (deparasitised) or a control seawater bath (parasitised). The total number of parasites per fish 
sampled at Time 1 was 12 times higher on parasitised (mean, s.e.) (2041, 715) fish than deparasited fish 
(167,94). This difference was due to few parasites in all parasite categories on deparasitised fish, except 
for Benedenia sp. a which accounted for 87% of the parasites. A large proportion of the parasites on 
the parasitised fish consisted of Benedenia sp. a (62%). The total number of parasites per fish sampled 
at Time 2 was 55 times higher on parasitised fish (1456, 785) than deparasited fish (26, 8). This larger 
difference between treatments was due to the few parasites on deparasitised fish at Time 2, most of which 
consisted of Benedenia sp. a, c, and d (86%). The most abundant parasites on parasitised fish were also 
Benedenia sp. a, c, and d (82%). Coral trout are therefore highly susceptible to Benedenia infections, 
which without chemical treatment, flourish on captive fish. Although Praziquantel and freshwater 
baths contained the infections, they did not completely remove all monogeneans or other ectoparasites.
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The hydrodynamics of intermittently 
closing and opening and lakes and 
lagoons

Gale, Emma1*, Pattiaratchi, Charitha1 & Ranasinghe, 
Roshanka2

1Centre for Water Research, University of Western Australia, 35 Stirling 
Highway, Crawley, Western Australia, 6009. 2Department of Land 
and Water Conservation, PO Box 189, Queenbeyan, New South 
Wales, 2620 Email: gale@cwr.uwa.edu.au 

There are numerous shallow coastal lagoons, along the NSW coastline, 
which open at intermittent intervals to the ocean. These intermittent opening events are driven by 
unpredictable and variable rainfall events, and the opening events can range in length from days to months, 
varying for each lagoon. The opening event initially drains the lagoon, introducing appreciable water level 
fluctuations (1-3m) accompanied by large salinity variabilities (7 – 30ppt) over a short period of time. This 
contrast in characteristics can lead to changes in the dominant mixing and circulation regime, which directly 
affects the transport of nutrients, pollutants and biota around the lagoon. These changing hydrodynamics can 
have important implications for water quality, where previously well-flushed areas may now be isolated or 
experience restricted circulation due to density gradients (in salinity or temperature), bathymetric barriers due 
to fluctuating water levels and or the presence of vegetation. Through the comparison of two lagoons, with 
different opening regimes, we aim to collect field data and develop a numerical model of the hydrodynamics 
of these intermittent systems and to be able to predict regions where poor water quality may develop.

The influences of Lyngbya majuscula blooms on sediment 
physico-chemical characteristics and the meiobenthos 
associated with seagrass beds, with emphasis on the 
nematode, copepod and polychaete populations in Moreton 
Bay, Australia.

García-Novoa, Rosa* & Johnstone, Ron W.
Centre for Marine Studies, The University of Queensland, St Lucia, Queensland, 4072 Email: 

rosa@marine.uq.edu.au 

Blooms of filamentous algae blooms have been increasingly recorded in the waters of Moreton Bay, 
southeast Queensland. The influence of Lyngbya majuscula blooms on sediment infauna of Moreton Bay 
banks the implications these blooms may have on sediment biogeochemical processes are still largely 
unknown. In order to investigate these issues, sediment samples were taken from the banks in Deception 
Bay and from Amity Banks off North Stradbroke Island during and after the bloom season. Some of the 
physico-chemical parameters measured were statistically significant when comparing bloom and non-bloom 
samples. The sediment water content and the Total Kejdahl Nitrogen (TKN) were higher during the bloom 
period. Nematodes, copepods and polychaetes were the most abundant groups of meiofauna within the two 
study areas. Lyngbya majuscula had a marked influence on this fauna. Sequentially, copepods followed by 
nematodes showed the strongest response to the bloom. Their abundance decreased and their distribution 
through sediment depth became shallower. The bloom also influenced polychaetes, but the effects on this 
group were not as apparent as with the other two taxa. Nematodes and polychaetes were positively correlated 
with the TKN concentrations. The results support the hypothesis that meiobenthic animals decrease in 
abundance as a consequence of the disturbances produced by the L. majuscula bloom within the sediments.
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Estuarine out-welling to nearshore 
waters: elements of plume traits and 
material fate

Gaston, Troy F.1*, Schlacher, Thomas A.1 & Connolly, 
Rod M.2

1 Faculty of Science, University of the Sunshine Coast, Maroochydore 
DC, Queensland, 4558. 2School of Environmental and Applied 
Sciences, Griffith University, Gold Coast, Queensland, 9726 Email: 
Tgaston@usc.edu.au 

Coastal seas are highly efficient traps of material exported from land, with 
most of the matter transported by rivers to the sea being deposited fairly close to shore. Effects of estuarine 
plumes on nearshore dynamics are best documented for very large rivers. In southeast Queensland, however, 
rivers are smaller, and estuaries discharge directly onto an exposed coast, producing prominent plumes after 
heavy rain. The pathways (both physical transport and trophic channelling) of organic matter and nutrients 
carried in these plumes on the nearshore ecosystem is largely unknown. Thus, our principal goal here 
was to determine some fundamental characteristics of plumes (e.g. spatial extent in the nearshore zone, 
physico-chemical variables, origin of suspended material, etc.), for the two estuaries in SE. Queensland, the 
Mooloolah and Maroochy Rivers. To estimate the spatial range over which plumes deposit river/estuarine 
in the nearshore zone we used seafloor mapping of sediment properties. This approach encompassed both 
‘standard’ sedimentary variables (e.g. granulometry, organic matter content) as well as potential tracers to 
indicate estuarine/riverine provenance (e.g. copper concentration – from marinas, and stable carbon and 
nitrogen isotopes of organic matter). Also, to define different water masses we determined water column 
properties both within plumes and in offshore reference areas. Plume material may also enter nearshore 
food webs and we assess this with stable isotope tracers in key consumers distributed both in areas of 
direct plume influence and in offshore/reference areas (e.g. 3-spot sand crab - Portunus sarguinolentus, 
large-scaled grinner - Saurida undosquamis). This study will measure for the first time the extent of 
influence of organic material and nutrients from river plumes on ecosystem processes on exposed coasts.

Antifouling effects of the bryozoan Sinupetraliella litoralis 
on larvae of the ascidian Herdmania curvata

Gauthier, Marie1*, Degnan, Bernie1 & Ross, Ian2

1Department of Zoology and Entomology, 2Institute of Molecular Bioscience, The University of 
Queensland, St Lucia, Queensland, 4072 EMail: m.gauthier@uq.edu.au 

Sessile and sedentary marine invertebrates are particularly vulnerable to episettlement or overgrowth by 
neighbouring species. A large number of these invertebrates are known to accumulate chemical compounds 
which may, as allelochemicals, have a defensive role against fouling. This study investigates the effects 
of bryozoans on the settlement and metamorphosis of Herdmania curvata (Ascidiacea: Stolidobranchia), 
which cohabits the slope and crest of Heron Island Reef, and in particular the inhibitory effects of an 
exudate from the bryozoan Sinupetraliella litoralis. Sinupetraliella litoralis delays the metamorphosis 
and inhibits the settlement of H. curvata larvae. It does not appear to rely on toxicity to be effective, 
with inhibition of H. curvata settlement depending primarily on interference with larval mechanisms of 
attachment. The inhibitory factor appears to be released continuously from S. litorali and affects larvae of 
H. curvata in a concentration-dependent manner. Based on laboratory assays, the inhibitory compound is a 
small organic molecule that seems to have a relatively short lifespan in seawater. It can withstand heating, 
freezing and treatment with hydrolysing enzymes. The active compound is concentrated in the particulate 
matter of the exudate. It can be extracted using dimethylsulfoxide and maintain its activity. This suggests 
that it is hydrophobic, amphipathic or associated with structures possessing such characteristics. Two 
halogenated molecules detected by high pressure liquid chromatography are the putative active compounds.
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Characterization of macroalgal 
assemblages in the western islands of 
the Recherche Archipelago, Western 
Australia

Goldberg, Nisse*, Kendrick, Gary & Heine, John
School of Plant Biology, University of Western Australia, Perth, Western 

Australia, 6009 Email: Goldber@cyllene.uwa.edu.au 

Little is known about factors affecting diversity of subtidal assemblages 
in the western islands of the Recherche Archipelago, Western Australia. 
Diversity was compared among assemblages from different island groups (within versus outside Esperance 
Bay), exposure to predominant southwesterly wind and swell (exposed versus sheltered), and depth 
(<10m, 10-20m, and 20-28m depths). An exposed site and sheltered site were sampled at three inshore 
islands (Black, Thomas, and Woody Islands) and three offshore islands (Remark, Long, and Frederick 
Islands). From each depth stratum per site, macroalgae were collected from six quadrats (each 0.25m2) 
and sorted to the lowest possible taxonomic unit. Wet-weight was recorded and the number of individuals 
was counted. Macroalgal assemblages were different with depth and exposure. Assemblages from the six 
islands were not separated by location (inshore versus offshore islands; Clarke’s R=0.18), were separated 
by exposure (Clarke’s R=0.34), and to a lesser extent, by depth (Clarke’s R=0.46). In general, the number 
of individuals decreased with depth at all islands. Sixty percent of total species richness was represented 
by species with individual wet weight of <5 grams per quadrat. Average species richness and biomass 
were not different with factors location, depth, and exposure, due to the variability at the lowest level of 
replication. Overstory genera Ecklonia and Scytothalia were more prevalent at exposed, offshore sites. 
Average biomass of overstory genera Sargassum and Cystophora decreased with depth. Two understory 
genera, Osmundaria and Botryocladia, had greater average biomass in the 10-20m and 20-28m depth 
strata and were not present at the exposed, offshore sites. In conclusion, macroalgal assemblages (in 
particular overstory and understory species) differed to some extent with depth and exposure. These 
factors could possibly be used to predict macroalgal diversity in the western Recherche Archipelago.

Catching seals with trawlers: the biology of seal bycatch in 
the winter blue grenadier fishery

Goldsworthy, Simon1*, Calvert, Norna1, Tilzey, Richard2 & Kirkwood, Roger3

1Sea Mammal Ecology Group, Zoology Department, La Trobe University, Victoria, 3086. 2Bureau of 
Rural Sciences, AFFA, GPO Box 858, Kingston, ACT, 2604. 3Phillip Island Nature Park, PO Box 
97,Cowes, Victoria, 3922 Email: s.goldsworthy@zoo.latrobe.edu.au 

The most valuable component of the South East Fishery in Australia is the winter (June-August) trawl 
fishery for blue grenadier off western Tasmania. Seal bycatch become an important management 
issue in this fishery in 1999, when 87 seals were killed by three dier and warehou, typically occur 
at depths below the maximum diving range of seals, so can only be accessed by them when brought 
to near-surface waters through trawling operations. In 2002, an innovative catching method using 
a suspended ‘dip-net’ attached to a crane was used to capture seals interacting with fishing vessels. 
Three seals were fitted with satellite transmitters, and foraged exclusively in the fishing grounds while 
the fishery operated and rested between foraging trips at the closest possible haul-out sites. Results 
indicate that a small proportion of the seal population habituates each year to feeding in association 
with trawl vessels, where they feed on commercial species, especially blue grenadier. Biological 
data being collected will provide insights into developing more effective bycatch mitigation options.
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Genetic analysis of a recent range 
expansion by mud crabs into southwest 
Australian estuaries

Gopurenko, David1*, Hughes, Jane M.1 & Bellchambers, 
Lynda2

1Australian School of Environmental Studies, Griffith University, 
Nathan, Queensland, 4111. 2Department of Fisheries, Western 

Australia, PO Box 20, North Beach, Western Australia, 6020 ( D.Gopur
enko@mailbox.gu.edu.au)

Established mud crab populations (Portunidae; Scylla spp.) recently 
observed at southwest Australian estuaries are almost 1,000km south of their recorded distribution 
on the Western Australian coast. Colonisation of the southwest may have occurred either by a natural 
range expansion from northwest Australian mud crab populations or by means of translocation from 
any number of mud crab sources within the Indo-West Pacific. We used genetic analysis to verify the 
species type and determine the potential source population(s), by comparing sampled genetic material 
from the southwest (N=32) against that previously described for the genus. Levels of diversity at several 
independent genetic markers were also compared to obtain relative estimates of effective population 
size differences between the colonist and suspected source population(s). Mitochondrial DNA sequence 
analyses indicated all sampled crabs are Scylla serrata and have a maternal genetic lineage identical to 
one previously described as endemic and restricted to northwest Australia. High levels of genetic diversity 
within source and colonist populations at two microsatellite loci contrasted to diversity at the mitochondrial 
locus which displayed an absence of variation among colonists compared to moderately diverse source 
populations. We argue the southwest was colonised by large numbers of S. serrata propagules derived 
from northwest Australia, possibly due to an enhanced recruitment event coinciding with a reported 
strengthening of the Leeuwin Current during 1999/2000. Contrasting levels of diversity among nuclear 
and mitochondrial loci may be attributed to a difference in the response by the two genomes to the 
colonisation process, we predict that such differences are prevalent among plankton dispersed species.

Effects of copper on a zoanthid-Symbiodinium association

Grant, Adrienne, Ward, Jessica & Hinde, Rosalind*

School of Biological Sciences, University of Sydney, New South Wales, 2006 Email: 
rhinde@bio.usyd.edu.au 

Exposure of the intact association between the coral Plesiastrea versipora and Symbiodinium sp. to 
copper affected the physiology of the algae, but did not reduce photosynthesis or chlorophyll a per alga, 
or cause expulsion of the algae1. In the clams Tridacna gigas and Hippopus hippopus, exposure to copper 
caused a reduction in the ratio of gross photosynthetic rate to respiration (Pg:R), but did not change 
the maximum quantum yield2. We will present data for the association between the zoanthid Zoanthus 
robustus and Symbiodinium sp. Our experiments showed that exposure of the whole association to copper 
reduced the rate of fixation of 14CO2 by algae isolated after exposure. Such algae also show reductions 
in Pg:R and quantum yield. There were no significant changes in chlorophyll a content and algae were 
not expelled from the zoanthid during exposure to copper. In another experiment, following exposure 
of intact zoanthid-algal associations to copper, there was no difference, in either gross photosynthetic 
rates or respiratory rates, between exposed and control zoanthids. Algae isolated from these zoanthids 
did not show a decrease in chlorophyll a after exposure to copper, but their quantum yield was lower, 
suggesting a decrease in the efficiency of photosystem II. [1Grant, A.J., Graham, K., Frankland, S. & Hinde, R. 
(2003) Pl. Physiol. Biochem. 41: 383-390. 2Elfwing, T., Blidberg, E. & Tedengren, M. (2002) Mar. env. Res. 54: 147-155]
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Determination of trace metal 
concentrations in the leopard seal 
(Hydrurga leptonyx) and Weddell seal 
(Leptonychotes weddellii) in Prydz Bay, 
Eastern Antarctica

Gray, R.B.1*, Canfield, P.J.2, Rogers, T.L.1 & McQuilty, R.3

1Australian Marine Mammal Research Centre, PO Box 20, Mosman, 
New South Wales, 2088. 2Faculty of Veterinary Science, University 
of Sydney, New South Wales, 2006. 3Clinical Biochemistry 
Department, RPA Hospital, Camperdown, New South Wales, 2050 

Email: rgra5169@mail.usyd.edu.au

Leopard seals (Hydrurga leptonyx) and Weddell seals (Leptonychotes weddellii) occupy a high trophic 
level within the Antarctic ecosystem. Knowledge regarding the basic biology and health of these Antarctic 
phocids, particularly, the leopard seal, is limited. As part of an integrated study on the health status of 
the leopard and Weddell seal, trace metal analysis was performed. The aims of the analysis included: 
(1) Establishment of reference ranges for 19 trace metals in the blood, tissue and fur of leopard and 
Weddell seals. (2) Comparison of the levels of trace metals in the leopard and Weddell seal populations 
examined in this study, as well as to the values reported in the literature. (3) Assess the usefulness of 
the tissues analysed for trace metal determination in these species. The technique employed to analyse 
blood, tissue and fur samples collected from leopard and Weddell seals in Prydz Bay, Eastern Antarctica 
in the Austral summers of 1999-2002 was inductively coupled plasma mass spectroscopy (ICP-MS). This 
technique facilitates the rapid determination of numerous trace metals simultaneously, requiring a small 
sample volume. Reference ranges were developed for the metals analysed in both species. Significant 
differences were seen in the concentrations of a number of the trace metals analysed in leopard and 
Weddell seal serum. Statistically significant correlations were also determined for the concentrations of 
these metals in the different tissues utilised for the study. To ascertain if there are future changes in the 
trace metal concentrations of these two Antarctic phocids, it is paramount that current levels of these 
metals be determined. This was the primary focus of the present study. In addition to this, a between 
species comparison of the levels of these trace metals in the different tissues analysed was conducted.

Cleaner fish prefer client mucus: support for partner 
control mechanisms in cleaning interactions

Grutter, Alexandra S.1* & Bshary, Redouan2

1Department of Zoology and Entomology, University of Queensland, St Lucia, Queensland, 4072. 
2Department of Zoology, University of Cambridge, Downing Street, Cambridge, CB2 3EJ, United 
Kingdom Email: a.grutter@mailbox.uq.edu.au 

Recent studies on cleaning behaviour suggest there are conflicts between cleaners and their clients over what 
cleaners eat. The diet of cleaners usually contains ectoparasites and some client tissue. It is unclear, however, 
whether cleaners prefer client tissue over ectoparasites or whether they eat tissues only as soon as searching 
for parasites alone is not profitable. To distinguish between these two hypotheses, we trained cleaner fish 
Labroides dimidiatus to feed off plates and offered them client mucus from the parrotfish Chlorurus sordidus, 
parasitic monogenean flatworms, parasitic gnathiid isopods, and boiled flour glue as a control. We also tested 
whether cleaners differentiate between different types of mucus by offering them mucus from C. sordidus and 
from snapper Lutjanus carponotatus. We found that cleaners ate significantly more mucus and monogeneans 
than gnathiids with gnathiids eaten slightly more often than the control. Cleaners took significantly more 
bites of parrotfish mucus than snapper mucus. As gnathiids are the most abundant ectoparasites, our result 
suggests a huge potential for conflict between cleaners and clients over what the cleaner should eat. This may 
also vary according to client mucus quality. Our findings support studies on the importance of partner control 
mechanisms in maintaining cleaning interactions mutualistic. As cleaners mainly eat gnathids in the wild, 
this means that clients likely force cleaners to feed on mucus, rather on a preferred food item such as mucus.
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Interannual variation and pup utilization 
of maternal provisioning in the New 
Zealand fur seal, Arctocephalus forsteri

Haase, Tami* & Goldsworthy, Simon
Sea Mammal Ecology Group, La Trobe University, Bundoora, Victoria, 
3083 Email: t.haase@zoo.latrobe.edu.au 

The duration of lactation in the New Zealand fur seal (Arctocephalus 
forsteri) is approximately 10 months, but difficulties in monitoring mother/
pup pairs in the later stages of lactation have led to a poor understanding 
of maternal investment as pups approach weaning. During the 2001 and 

2002 breeding seasons, New Zealand fur seal pup growth and condition was monitored throughout the 
year (January/February, May, June, August) and mother/pup pairs were monitored continuously over the 
final period of lactation (August-November). There was no significant difference between the growth rates 
(mass) or condition of pups between years. The majority of animals monitored were tagged pups (2001, 
n=129; 2002, n=120), however tagged lactating females (2001, n=32; 2002, n=58) were also utilized. Based 
on daily observations of these animals, the duration of maternal foraging trips (time at sea) was found to 
increase significantly as pups approached weaning (2001, Aug/Sep: 7.64days, Sep/Oct: 9.15 days, Oct/Nov: 
10.37days; 2002, Aug/Sep: 5.99days, Sep/Oct: 9.97days, Oct/Nov: 8.33days). Comparison between years 
showed a significant difference between mean foraging trip duration (P=.028), with 2001 foraging trips being 
longer then in 2002. The duration of shore attendance (time on land) also increased over the time period for 
both years but was not significant. However, a comparison of tagged female presence and pup attendance with 
tagged mothers showed that in 2001 28% (n=9) and in 2002 22% (n=13) of pups missed between 1 and 6 entire 
maternal shore attendance bouts. Changes in trip duration and attendance as well as the decreasing utilization 
of maternal presence are possible indicators of pups employing different strategies in the weaning process.

Aspects of the reproductive biology and growth of Balmain 
bugs (Ibacus spp.) (Scyllaridae)

Haddy, J.A.*, Courtney, A.J. & Roy, D.P.
Queensland Department of Primary Industries, Southern Fisheries Centre, PO Box 76, Deception Bay, 

Queensland, 4508 Email: James.Haddy@dpi.qld.gov.au 

This paper describes the reproductive biology and growth of Ibacus alticrenatus, I. brucei and I. chacei 
obtained from trawl fishermen operating off Queensland’s east coast. Reproductive cycles, size at maturity, 
egg size, brood fecundity, length frequency distributions and von Bertalanffy curves are detailed. Carapace 
length frequency distributions for I. alticrenatus were unimodal, whereas I. brucei and I. chacei displayed 
multimodal distributions. Seasonal GSI profiles, ovarian development and the presence of ovigerous 
females indicated that I. brucei and I. chacei have an annual cycle of reproduction, with ovipositioning 
and hatching occurring earlier and predominately over a shorter period in I. brucei. Gonadal maturation in 
ovigerous I. chacei indicated that the species is capable of producing more that one brood in a spawning 
season, however reproductive activity was geographically restricted and suggested that the species migrates 
north to spawn. Carapace lengths of ovigerous lobsters ranged from 38.2-52.0mm for I. alticrentatus, 44.6-
69.7mm for I. brucei and 53.7-76.2mm for I. chacei. Brood fecundity was size dependent and highest in 
I. brucei (2,049-61,339) but was markedly lower in I. chacei (2,117-28,793) and I. alticrenatus (1,734-
14,762). Egg size was independent of carapace length, positively related to developmental stage, and 
ranged from 0.94-1.29mm for I. alticrentatus, 0.73-1.01mm for I. brucei and 1.02-1.37mm for I. chacei. 
Monthly length frequency distributions of I. chacei indicated that juveniles have a prolonged recruitment 
period and within their first year post-recruitment, moult 3-4 times to attain sizes between 36-47mm 
carapace length. These results are discussed in relation to comparisons between each species and provide 
invaluable biological information for assessing the current management strategies for balmain bugs. 
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Population processes in inshore dolphins 
– consequences for conservation

Hale, Peter* & Pople, Anthony
Ecology Centre, School of Life Sciences, University of Queensland, 

Q4072. phale@ccb.uq.edu.au

Dolphins inhabiting riverine and estuarine ecosystems in Australian 
waters are the inshore bottlenose dolphin, Tursiops aduncus, the Indo-
Pacific hump-backed dolphin, Sousa chinensis, and the Irrawaddy River 
dolphin, Orcaella brevirostris. As in many mammalian species, female 
natal philopatry has been demonstrated (Tursiops & Sousa) or inferred 
(Orcaella), with gene flow achieved through male dispersal. Analysis of population structure using 
molecular genetic tools indicates that genetically distinct populations occur over discrete geographic 
ranges. These populations comprise relatively few individuals, in the order of 100’s of individuals for 
Sousa, with similar sizes likely for Orcaella. The question arises as to the consequence of this population 
structure for conservation. The persistence of populations was modeled using life history data obtained 
for Atlantic inshore bottlenose dolphins (Tursiops truncatus), population sizes obtained locally, and 
various conservative rates for human induced mortality. The consequences of dolphin mortality in 
the Queensland Shark Control Program for local populations of Sousa and Orcaella are discussed.

Survivorship of newly settled juvenile sea urchins, 
Heliocidaris erythrogramma, subjected to pulsed cold 
water events over small spatial scales

Hammond, Bethany K.* & Pile, Adele J.
School of Biological Science (A08), University of Sydney, Sydney, New South Wales, 2006 Email: bham

mond@bio.usyd.edu.au 

Marked differences, over distances of a few metres, in the biodiversity and benthic community structure 
occur at Point Avoid, S.A. Field temperature data indicates that the south, (impacted) side of Point 
Avoid, experiences short pulses of cold (7oC) water on the ebbing tide, compared with typical sub-
tidal temperature profiles (14-19oC) on the north (non-impacted) side. The impacted side is markedly 
devoid of invertebrates typical of shallow temperate benthic communities. One notable difference is the 
absence of the sea urchin, Heliocidaris erythrogramma, compared with an abundance of adults on the 
non-impacted side. This may be due to mortality at any life history stage and we tested survivorship of 
early post-settlement sea urchins to these temperature conditions. Laboratory trials tested survivorship 
of newly settled H. erythrogramma subjected to three 6oC pulses for 10 minutes, each followed by 10 
minutes at normal temperature (18oC), which mimics temperature profiles at the study site. Pulsed trials 
commenced either 6 or 12 hours after settlement of urchins. At Point Avoid, newly settled urchins were 
deployed for three days on the impacted and non-impacted sides. Not surprisingly, newly settled urchins 
exposed to pulsed water events had significantly lower survivorship compared with controls, regardless 
of time since settlement. However, newly settled urchins exposed to pulses six hours after settlement 
were less likely to survive (20%) than those exposed at 12 hours (60%). Survivorship at Point Avoid was 
similarly different when compared to laboratory controls. Our results suggest that mortality of newly 
settled H. erythrogramma may play a key role in their recruitment at this location. The high mortality of 
early post-settlement urchins, exposed to cold-water pulses, indicates that post-settlement mortality may 
not only explain the absence of adult urchins but other invertebrates on the impacted side of Point Avoid.
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Phytoplankton production regimes along 
the Gascoyne continental shelf, Western 
Australia

Hanson, Christine*, Pattiaratchi, Charitha & Waite, 
Anya
Centre for Water Research, University of Western Australia, Perth, 
Western Australia, 6009 Email: hanson@cwr.uwa.edu.au 

The Gascoyne continental shelf extends from North West Cape (21.5°S) to 
south of Shark Bay (27.5°S), Western Australia, and is dominated by the 

Leeuwin Current (LC), an anomalous eastern boundary current that transports tropical water poleward and 
generates large-scale downwelling. However, in summer the inner shelf dynamics are influenced by wind-
generated countercurrents (the Ningaloo and Capes Currents) that flow equatorward and may create localized 
upwelling. The response and adaptations of phytoplankton to these oceanographic conditions provides an 
important link between the physical environment and higher trophic levels, and forms the basis of the current 
study. The commonly held hypothesis underlying this work is that, over a majority of this coastline, the Leeuwin 
Current suppresses phytoplankton biomass and productivity by: (a) creating an oligotrophic environment, 
and (b) suppressing upwelling-driven production. We tested these theories using field data obtained from 
a two-week research cruise aboard the RV Franklin during the early summer of 2000. As hypothesized, 
low productivity was consistently associated with the Leeuwin Current, the surface waters of which were 
nutrient-depleted and low in chlorophyll. However, the oligotrophic nature of the boundary current, rather 
than completely inhibiting phytoplankton biomass, forced it into deep layers at the base of the LC. Here, 
phytoplankton were in close proximity to the nitracline, which allowed them to exploit the deep nitrate pool 
within the constraints of the downwelling irradiance field; these deep chlorophyll maxima accounted for up 
to 40% of column production within LC waters. This study also revealed the Ningaloo Current as a ‘hotspot’ 
for primary production along the Gascoyne coast. Physical dynamics (upwelling and seaward offshoots) 
associated with the Ningaloo (and possibly Capes) Currents provided a mechanism to access high nutrient 
concentrations normally confined to the base of the Leeuwin Current. This may be an important process leading 
to seasonal peaks in shelf productivity (both primary and secondary) along this otherwise oligotrophic coast.

Interactions between Habitat Complexity and Wave 
Exposure in Determining Patterns of Subtidal Community 
Structure
Harrison, Matthew *, & Smith, Stephen, D. A.
School of Environmental Sciences and Natural Resources Management, University of New England, 

Armidale, 2351, Australia; National Marine Science Centre, Bay Drive, Coffs Harbour, 2450, 
Australia Email: mharrison@nmsc.edu.au

Habitat complexity and wave exposure have been shown to be key determinants of benthic community 
structure on subtidal rocky reefs. In an effort to provide ecological data on the effects of these two factors in 
the Solitary Island Marine Park (SIMP), a study was conducted at South Solitary Island. The study measured 
differences in benthic macroinvertebrate community structure and demersal fish assemblage composition, 
along a habitat complexity and wave exposure gradient. Habitats of high complexity were found to have 
significantly different community structures to that of low complexity habitats. High abundances of a known 
habitat former, the sea urchin Centrostephanus rodgersii, were found in complex habitats with areas of low 
habitat complexity having comparatively much lower urchin abundance, these habitats were dominated 
by filamentous macroalgae. Grazing pressure of urchins potentially explains the differences in community 
structure found around the island. Levels of wave exposure around the island were found to be similar, with 
no site having a significantly different exposure. Alone wave exposure played a minimal role in structuring 
communities and is more likely to play amore important role through interactions with habitat complexity. 
Correlations between community structures, habitat complexity and wave exposure measures explain only 
%13 of the variation within the data, suggesting that interactions between biotic and other unmeasured physico-
chemical variables are primarily responsible for the community patterns found at South Solitary Island.
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Consequences of fragmentation in a 
modular organism

Hart, Simon1* & Keough, Michael2

1Australian Marine Ecology, 72 Heller St, West Brunswick, Victoria, 
3055. 
2Department of Zoology, University of Melbourne, Parkville, 

Victoria, 3010. Email: simon@marine-ecology.com.au)

Modular organisms have complex life histories that are not readily 
understood using existing models. Historically, the performance of 
modular organisms has been determined using an exclusively size-
based approach. Modular individuals can change size rapidly through death of some modules or by 
fragmentation. Empirical studies suggest that fragmentation and damage may have important consequences 
for a colony, apart from altering colony size. In earlier experiments we examined the validity of using a 
size-based approach for a temperate bryozoan Watersipora subtorquata. Here we extend this work with 
two experiments examining the influence of fragment size and shape on growth. We identify separation of 
function within colonies and develop a model for growth in Watersipora. Our experiments strongly suggest 
that a purely size-based approach is inadequate to deal with the complexity of modular construction.

Monitoring 4WD impacts on beach macrofauna: the 
complexity of natural variation

Hastie, Beth F.* & Smith, Stephen D.A.
School of Environmental Science and Natural Resources Management, University of New England, 

Armidale, New South Wales, 2351. National Marine Science Centre, Bay Drive, Coffs Harbour, New 
South Wales, 2450 Email: bhastie@nmsc.edu.au 

Recreational activities are the most common anthropogenic disturbance on sandy beaches and these pressures 
have been increasing in recent years. 4WD vehicle impacts are one of the most important disturbances on 
intertidal beaches however, until recently, they have received very little attention. The effects of 4WD 
vehicles on sandy beach macrofauna were investigated by conducting a community-level, manipulative 
experiment on an exposed sandy beach in NSW. The experiment comprised pre- and post-impact sampling 
of four replicated treatments that were each subjected to a different intensity of 4WD vehicle traffic. Five 
biotic variables were monitored, including the total number of individuals, species richness, and species 
abundance of the three most common species: the cirolanid isopod Pseudolana concinna; the Ghost Crab 
Ocypode cordimana; and the Blood Worm Lobochesis longiseta. Sediment granulometry and beach 
gradient were also measured during each sample. Of fifteen analyses that were conducted on the biotic 
variables, fourteen revealed no impact. An impact was detected at the medium treatment level for species 
richness, though this may have been a chance event. It was concluded that 4WD traffic at the treatment 
levels used had no significant impact on the macrofauna and that natural variation was more important in 
generating the patterns observed over the duration of the study. The inherent and unpredictable physical 
variability of sandy beaches may cause regular, large-scale changes in the spatial distribution of some 
macrofaunal species, particularly along the length of the beach, and this source of variation was probably 
of considerable importance to the outcome of this study. Until this along-shore variation is quantified, it is 
recommended that further research on sandy beaches incorporate a much larger spatial scale into their design.
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Provisioned Inshore Bottlenose Dolphin 
(Tursiops aduncus) Behaviour & 
Acoustics

Hawkins, Liz* & Gartside, Don
Southern Cross Centre for Whale Research, School of Environmental 
Science & Management, Southern Cross University, Lismore, New 
South Wales, 2480 Email: ehawki10@scu.edu.au 

The associations between behaviour and acoustic emissions of eight 
provisioned inshore bottlenose dolphins (Tursiops aduncus) at Tangalooma, 
Moreton Island, Queensland, was investigated using a continuous sampling 

method. A single AP-A1 series hydrophone with an external Orca amplifier and TCD D100 Sony DAT 
machine were employed to record acoustic emissions, while a JVC digital video camera was used to record 
the behaviour of the dolphins. A total of 943.05 minutes of sound recordings were analysed using CoolEdit 
2000 and SoundForge 4.0 software. A total of 5037 Frequency Modulated Calls (FMCs) or whistles were 
assessed and sound properties such as high and low frequencies. Sixty-eight repetitively distinct FMCs were 
individually labelled and catalogued according to tonal shape and sound properties. FMCs were then further 
divided into primary or secondary classes according to consistency of sound properties. In addition, partial 
whistles that were frequently repeated were also identified. Detailed continuous analysis of behaviour states 
and events was conducted using video recordings. The duration of behaviours displayed by each dolphin 
present in the feeding area was noted. Non-metric multi-dimensional scaling (NMDS) statistical tests 
indicated that the diversity and repetition rate of whistle emissions during feeding sessions was dependent 
on the dolphins present and their motivational state. Point vector RDA and correspondence plot analysis was 
used to test the relationships between behaviour and acoustic emissions. FMCs emitted during pod separation 
were predominantly sine types that had little variation in sound properties. Partial FMCs along with a series 
of clicks and burst pulse emissions were strongly correlated with active foraging bouts (e.g. snack foraging). 
Other active and highly excited behaviours, such as social play and chasing bouts, also had strongly 
associated partial FMCs with highly variable sound properties. Flat type FMCs were strongly associated 
with play foraging of a calf and frequently observed petting bouts between dolphins in the feeding area.

Marron Aquaculture Can Be Environmentally Sound

Heine, John* & Maguire, Greg
Research Division, Department of Fisheries, P.O. Box 20, North Beach, Western Australia, 6920 

Email: jheine@fish.wa.gov.au 

In a demonstration and research aquaculture facility in Pemberton, WA, environmentally sound marron 
farming practices are being developed. Marron are a native freshwater crayfish species with very few 
disease problems. Highly efficient demand feeding practices reduce feeding input, while use of a grain 
and oil seed based feed also reduces potential nutrient output in discharge waters, particularly for nitrogen, 
phosphorous, and potassium, compared to a commercial marine prawn feed. Only organic fertilization 
(lucerne silage) is used, and this is only for new ponds. Water can be a limited resource in the southwest, 
and all water used for filling or water exchange in the ponds is recycled aquaculture discharge from trout 
and marron ponds, which is passed through settlement and reed ponds, and then reused. In general, marron 
farming uses much less water than most other forms of aquaculture. The settlement and reed ponds do 
not have bird exclusion netting and form additional wetland areas which retain native vegetation and 
provide quality bird habitat. Growth, survival, and feed conversion efficiency of experimental marron 
trials are relatively high, suggesting that the water quality, management, and feeding practices are 
efficient. Overhead netting is used to prevent predation by birds, and electric fences are used to not 
only exclude predatory water rats but also to preclude escape of marron. Such escapes reduce profits 
but are also undesirable in terms of potential mixing of farmed and wild stocks. This will become 
more important as genetically selected marron are farmed more widely. Marron farms are low noise, 
relatively clean, and have a low impact on the environment. In addition to this, no chemicals are used.
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Oceanographic Monitoring for Coral 
Bleaching: the Role of HF Ocean Surface 
Radar

Heron, Mal and Prytz, Arnstein
Marine Geophysical Laboratory, James Cook University, Townsville, 

Australia 4811. Email: mal.heron@jcu.edu.au

The physical conditions required for coral bleaching to occur are stagnant 
water with no mixing, and insolation. The condition of no mixing requires 
that there be no tidal currents (to reduce turbulent kinetic energy), no wind (to 
reduce shear and turbulent kinetic energy), and no swell. An ideal monitoring 
technology for reefs which are thought to have a high risk of coral bleaching is the HF Coastal Ocean Radar 
technology which reveals unrivalled detail in structure of surface currents. Recent advances in this technology 
allow the extraction of significant wave heights (and hence an index of wind speed), and swell from the radar 
spectra in addition to the more common product of surface current maps. Examples are given of surface 
current maps in Trinity Bay, Tweed Heads and Port Phillip Heads to show the capability of the technology.
A plan is being prepared to deploy a long-range HF ocean surface radar tas a monitoring tool in either 
the Trinity Passage area, or in the Capricornia Bunker group near Heron Island. Experience on the east 
coast of the U.S.A. has shown that a facility to monitor surface currents over an extended coastal area 
is of enormous benefit to commercial and recreational users of the coastal waters. Coupling this with 
the specific scientific and management interest in the dynamics surrounding coral bleaching makes a 
compelling case for such monitoring. Some of the real-time web-based data will be presented from Rutgers 
University’s Coastal Ocean Observing Laboratory (COOL) to illustrate the quality of information available. 
With monitoring of this quality, it will be possible to relate the degree of coral bleaching, in any 
event, to indices of calmness and insolation. 

The Effects of Herbivorous Fishes on Subtidal Algal 
Assemblages in Temperate Australasia

Hidas, Eszter1*, Taylor, Richard2, Steinberg, Peter1

1School of Biological, Earth and Environmental Sciences, and Centre for Biofouling and Bio-Innovation, 
University of New South Wales, Sydney, New South Wales, 2052. 2Current address: Leigh Marine 
Laboratory, University of Auckland, PO Box 349, Warkworth, New Zealand 
Email: eszterina25@yahoo.com.au 

The importance of fish herbivory in structuring subtidal algal assemblages was investigated in the Hauraki 
Gulf, north-eastern New Zealand, and Long Bay, Sydney, Australia. In north-eastern New Zealand, we 
examined the potential effects of the common kyphosid fish Girella tricuspidata, on the distribution and 
abundance of the green macroalga Ulva sp. on subtidal rocky reefs of the mainland and offshore islands of 
the Hauraki Gulf. Offshore island sites were characterised by an abundance of Ulva sp. and the absence of 
G. tricuspidata, while the opposite pattern of distribution was found in the mainland subtidal. In a multiple 
choice feeding experiment, G. tricuspidata strongly preferred Ulva sp. and Enteromorpha intestinalis 
(another green alga of the order Ulvales) over common seaweeds. When individual Ulva sp. plants were 
transplanted into the mainland subtidal, they survived and increased in mass by 30% over one week when 
protected from fish herbivory, but unprotected plants were depleted to only 20% of their original mass, at 
one of the two sites examined. In Australia, the effects of commonly occurring herbivorous fishes (including 
G. tricuspidata) on subtidal algae were measured in longer-term experiments. The effects of fishes were 
partitioned from those of invertebrates using replicated inclusion and exclusion cages in two habitats: 
fringing turf and urchin barrens. In the turf habitat, the effects of these organisms were evaluated together 
with the effects of disturbance. Experimental exclusion of fishes in the turf habitat resulted in an initial 
growth of Ulva sp. only in those treatments that had been disturbed by scraping, but this was not long lasting. 
No fish effects were detected in the barrens habitat. Invertebrate exclusions had no effect in the turf habitat, 
but eventually led to a large increase in brown seaweeds such as Sargassum spp. in the barrens habitat.
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Fast kinetic polyphasic fluorescence 
rises in three species of heat-stressed 
corals

Hill, R.1*, Frankart, C.1,2, Larkum, A.W.D.3, Kuhl, M.4 & 
Ralph, P.J.1

1Institute for Water and Environmental Resource Management, 
University of Technology, Sydney, Westbourne St Gore Hill, New South 
Wales, 2065. 2Laboratoire d`Eco-Toxicologie, Université de Reims 
Champagne-Ardenne, U.F.R. Sciences Exactes et Naturelles, 51687 
Reims Cedex 2, France. 3School of Biological Sciences, University 

of Sydney, New South Wales, 2006. 4Marine Biological Laboratory, University of Copenhagen, 
Strandpromenaden 5, DK-3000 Helsingør, Denmark Email: ross.hill@uts.edu.au 

Corals exposed to thermal bleaching conditions showed distinct changes in the fast polyphasic induction 
of chlorophyll a fluorescence indicating biophysical changes in the photochemical processes. The 
photokinetics of three species of corals exposed to 33°C at 280µmol photons m-2s-1 for up to 8h was 
monitored with a Plant Efficiency Analyser and an Imaging-PAM fluorometer. Pocillopora damicornis 
showed the least photokinetic impact, while Acropora nobilis was most sensitive, with Cyphastrea serailia 
falling intermediate between the other two species. Acropora nobilis showed a remarkable capacity 
for recovery from bleaching conditions, after 10-20h incubation at control temperature. For all three 
species of coral, a decline in the initial I1 transient showed a loss of electron supply from the donor side 
of PSII (oxygen evolving complex) under bleaching conditions. PSI activity also declined as a result of 
thermal stress. The drop in the rise after I2 indicated that with increasing thermal stress, the functionality 
of the plastoquinone pool diminished dramatically. The main impact of heat stress was a reduction of 
peak fluorescence (P) indicating a blockage of electron donation from PSII donor side. The decrease in 
Fp along with an increase in Fo (O transient) resulted in a smaller variable fluorescence (Fv) under the 
light-temperature incubations. A smaller Fv indicated a loss of quantum yield of PSII photochemistry, 
which was also confirmed by the Imaging-PAM measurements. The most sensitive biomarker of 
bleaching stress was found to be the absorbed photon flux relative to PSII reaction centre (ABS/RC), 
which is related to antennae size. Polyphasic fluorescence transients provided detailed information 
on the photokinetic mechanisms involved with bleaching and recovery of zooxanthellae in hospite.

Spatial and temporal variability in the assemblage 
structure of fishes associated with mangroves (Avicennia 
marina) and intertidal mudflats in temperate Australian 
embayments

Hindell, Jeremy S.1,2* & Jenkins, Gregory P.1,2

1Marine and Freshwater Resources Institute, Department of Primary Industries, Queenscliff, Victoria, 
3225. 2Department of Zoology, University of Melbourne, Parkville, Victoria, 3010 Email: jeremy.hind
ell@nre.vic.gov.au 

Fishes using mangrove (Avicennia marina) and mudflat habitat were sampled with seine, fyke and gill 
nets at several sites within each of two large embayments through time (quarterly) between January 2002 
and November 2002. At least 41 species of fish were sampled, of which 78% were marine, 17% were 
estuarine, and 5% were freshwater. Juveniles were sampled in 41% of the species, and five and six species 
occurred exclusively in mangrove and mudflat habitats, respectively. The assemblage structure of fishes 
varied significantly between habitats (for both fyke and seine catches) and between spring and summer 
(seine catches), but only in one bay. Most of the variability between habitats and times of the year could 
be explained by differences in abundances of atherinids, mugulids, gobiids, tetradontids, pleuronectids and 
clupeids. Fyke nets sampled mainly juvenile and smaller species of fish. Fish abundance was always greater 
in mangroves than mudflats (but significantly so at four of the six study sites), and varied significantly 
between times of the year at one site, while the number of species varied significantly between times of 
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the year at three sites. Gill nets sampled mostly adult/subadult fishes and 
abundances were greater in mudflats than mangroves at two sites, and in 
mangroves than over mudflats at one site, while species abundance varied 
between times of the year at two sites. The seine net sampled mainly 
early post-settlement and small (<20mm) fishes, more species of which 
were sampled in mudflat than mangrove during winter and spring (the 
opposite pattern occurred in summer and autumn), and the number of fish 
sampled with the seine net only varied significantly between habitats in 
one embayment during summer and spring, when they were larger and 
smaller respectively, in mangroves than mudflats. Mangrove habitat in 
temperate Australian waters supports a richer juvenile fish assemblage 
than adjacent mudflats, but there is little difference between habitats for the subadult/adult assemblage. 

Social induction of maturation and sex determination in a 
coral reef fish

Hobbs, Jean-Paul*, Munday, Philip & Jones, Geoffrey
Centre for Coral Reef Biodiversity and School of Marine Biology and Aquaculture, James Cook 

University, Townsville, Queensland, 4811 Email: Jean-Paul.Hobbs@jcu.edu.au 

Labile sexual development has been described in many coral reef fishes, however induction of maturation and 
environmental sex determination at maturation (ESD) has not been demonstrated. In this study we examined 
the effect of social conditions on flexibility in the timing of maturation and patterns of sex determination in 
a coral-dwelling fish, Gobiodon histrio. Field observations revealed that each host coral colony contained 
either a small single fish or a breeding pair and lab experiments confirmed that competitive interactions limit 
social group size to two individuals. Larger fish formed breeding pairs in large corals relegating smaller fish 
to small corals. Because all large corals in the field were occupied by breeding pairs, there are likely to be 
few opportunities for a small individual to move into a larger coral and establish a breeding pair. Histological 
examination of individuals collected from the field revealed that single individuals matured at a larger size 
than paired individuals, indicating plasticity in the timing of maturation. By manipulating social conditions 
in the field, we demonstrated that both the timing of maturation and the sex of the maturing individual are 
determined by social conditions. Juveniles placed by themselves did not mature, but maturation was rapidly 
induced in juveniles that were placed with an adult. In addition, sex determination was found to be completely 
labile, with juveniles maturing into the opposite sex of the experimental partner. This is the first experimental 
demonstration of social induction of maturation in reef fish and also confirms that sex at maturation can 
be environmentally determined. Given that juveniles occupy habitats separate to adults, flexibility in sex 
determination and the timing of maturation enables individuals to maximise their reproductive success in 
an environment where the timing of mate acquisition and the sex of their future partner are unpredictable. 
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The risk of boat disturbance and boat 
strikes to dugongs: observations using 
blimp-cam

Amanda Hodgson
School of Tropical Environment Studies and Geography, James Cook 
University, Townsville QLD 4811 Email: Amanda.Hodgson@jcu.edu.au

The behaviour of dugongs in Moreton Bay, near Brisbane, was observed 
using a remote video camera mounted on a tethered, helium-filled 
balloon (blimp-cam) at a height of 50m. Using a remote control, I 
used this equipment to scan large herds of dugongs and follow focal 

individuals for set periods of time. To assess the potential risk of boat disturbance and boat strikes, the 
behaviour of the dugongs was observed while boats were passing opportunistically (eg. recreational 
boats using the area) and during experimental trials. Observations of boats passing opportunistically 
at a range of speeds showed that dugongs have a delayed response to boats and thus are particularly 
vulnerable to being hit by boats travelling fast. During the experimental trials, an aluminium dinghy with 
a 20 HP engine was driven past the edge of a dugong herd within the regulated speed limit, either once 
or five times to determine whether repeated passes caused a higher level of disturbance. No significant 
relationships were found between the distance of the boat from the focal animal and the duration, distance, 
or direction of its subsurface behaviour. The effect of boat distance on the individual may have been 
masked by a herd response, whereby the individual’s response may be dependent on the distance of the 
boat to the rest of the herd. The percentage of time spent feeding and travelling by individual dugongs 
over a 4.5 min interval was also unaffected by the boat’s passing, the number of passes made, or the 
focal individual’s position in the herd relative to these two factors. Thus any response to the boat was 
delayed and short. These results support the use of speed restrictions for boats in important dugong areas.

Using plankton as indicators of environmental change

Hosie, Graham1*, Kitchener, John1 & Hunt, Brian1,2

1Australian Antarctic Division, Channel Highway, Kingston, Tasmania, 7050. 2Institute of Antarctic and 
Southern Ocean Studies, University of Tasmania, Tasmania Email: Graham.Hosie@aad.gov.au 

The continuous plankton recorder (CPR) survey is unique in being one of the longest running marine 
biological surveys in the world, providing detailed oceanic scale synoptic plankton data for more than 
70 years. It has detected significant changes in zooplankton abundance, composition and distribution 
patterns, regime shifts in plankton that may lead to catastrophic effects on fisheries, the introduction and 
spread of non-indigenous species in the North Sea and the extent of eutrophication. The sensitivity of 
plankton to environmental change makes them ideal early indicators of climatic or oceanic variation and 
the CPR has become a major survey tool for GLOBEC and GOOS in understanding and predicting the 
effects of global change. The Southern Ocean component commenced in 1991 to map the biodiversity 
of zooplankton and also the monitor the health of the region, through comparison of changes in plankton 
patterns with oceanic and climatic variations. The survey covers approximately 30% of the Southern 
Ocean with CPR tows on all voyages of the Australian vessel Aurora Australis, and the Japanese ice 
breaker Shirase, and other research vessel opportunistically. The survey is relatively young but has already 
completed 175 routine tows, providing more than 60,000 nautical miles of records equivalent to 12,000 
samples coupled with environmental data - an impossible task by conventional net sampling. New species 
and community distribution patterns have been identified, and comment can be made on the degree of 
spatial variation in relation to frontal zones, as well as seasonal and inter-annual variation. Despite the 
demonstrated success and cost effectiveness of using plankton to monitor marine ecosystems, and despite 
the size of its EEZ, Australia has largely not taken advantage of this methodology to monitor the status 
of its own waters. However, it is not too late to establish even simple routine monitoring programmes.
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Developing a sampling package for 
the rapid assessment of amphipod 
biodiversity

Hughes, Lauren* and Smith, Stephen D. A.
School of Environmental Science and Natural Resources Management, 

University of New England, Armidale, NSW, 2351, Australia National 
Marine Science Centre, Bay Drive, Coffs Harbour, 2450, Australia. 
Email: lhughes@nmsc.edu.au

Artificial Sampling Units (ASU) have been used in benthic and 
intertidal habitats with much success, testing a range of recruitment and 
community interaction hypotheses. Notably, ASUs have also been used to assess the biodiversity of marine 
macroinvertebrates across worldwide biogeographic regions. This project aims to test a range of ASU types 
to determine those that best sample amphipod fauna. The ASU types used in this study mimic a range of 
natural habitats and include those that have been successful in previous studies, as well as novel materials. 
Replicate samples of each of 6 different ASU types have been deployed at 4 locations within the Solitary 
Islands Marine Park allowing a comprehensive test of their ability to attract amphipods at different positions 
along a cross-shelf gradient. ASUs are deployed for periods of 7 days to 4 months to determine the optimal 
deployment time for the development of a diverse amphipod assemblage. Natural communities will be 
sampled to determine whether the communities recruiting to the different ASU types reflect those of adjacent 
natural habitats. It is hoped that a single universal ASU, or combination of several ASUs, can be identified that 
maximise the diversity of recruiting amphipods.. If successful this sampling package will provide an efficient 
and rapid means of cataloguing amphipod biodiversity in areas where regional data are currently lacking.

Genetic manipulations in aquaculture: the level of 
application of available classical and modern genetic 
technologies by the world aquaculture industry

Hulata, Gideon*

Agricultural Research Organization, Department of Aquaculture, The Volcani Center, Bet Dagan 50250, 
Israel Email: vlaqua@volcani.agri.gov.il & hulata@int.gov.il 

The aim of this review is to highlight the extent to which the genetic technologies are implemented by 
the aquaculture industry. The review shows that some of the modern genetic technologies are already 
extensively applied by the diverse aquaculture industries, though not to the same extent for all important 
aquacultured species (according to FAO 1998 figures). Some species (common carp, Atlantic salmon, 
rainbow trout, channel catfish, Nile tilapia and the Pacific oyster) received concentrated breeding efforts, 
while other major cultured species (Chinese and Indian carps and the giant tiger shrimp) received, so far, 
relatively limited attention, and a few species (Yesso scallop, blue mussel, white Amur bream and milkfish) 
have, apparently, not been genetically improved at all. Most of the genetically improved strains reaching the 
aquaculture industry were developed through traditional selective breeding (selection, crossbreeding and 
hybridization). Emerging, more modern technologies for genetic manipulation seem to take 10-20 years 
from being established experimentally until applications affect the industry. Thus, chromosome-set and 
sex manipulations started to affect the industry during the 1980’s and 1990’s. DNA marker technology and 
gene manipulations have yet hardly affected the industry. The former have not matured yet, but hold much 
promise. The latter could have affected the industry already had it not been restricted by public concern.
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The Southern Ocean Continuous 
Plankton Recorder Survey: the utility of 
the CPR as a long-term monitoring tool 
in Antarctic waters

Hunt, Brian1,2* & Hosie, Graham2

1Institute of Antarctic and Southern Ocean Studies, University 
of Tasmania. 2Australian Antarctic Division, Channel Highway, 
Kingston, Tasmania, 7050 (corresponding address) Email: 
brian.hunt@aad.gov.au 

The Continuous Plankton Recorder (CPR) has been used with considerable success in the northern 
hemisphere as a long-term monitoring tool, collecting an almost unbroken 75 year data set and demonstrating 
the importance of plankton as indicators of change in the marine environment. In 1991 a sister survey was 
established by the Australian Antarctic Division in the Southern Ocean. A primary step in the Southern 
Ocean CPR survey was to characterize the zooplankton communities sampled by the CPR, given the unique 
sampling characteristics of the apparatus: small entrance aperture; high speed towing (8-18 knots); shallow 
operational depth (7-15m). This was done by direct comparison with vertical nets on a repeat transect 
run south of Tasmania during November and December 2001. Vertical nets were deployed during a CTD 
transect on the southern leg, sampling four depth zones at each of 19 stations: 0-20m, 20-50m, 50-100m, 
100-150m. A CPR was deployed on the northern leg (average sampling depth = 13.9m). Both net systems 
were narnessed with 270 µm mesh and all sampling was conducted between 47oS and the Southern Polar 
Front (S-PF) at ~61oS. Zooplankton communities were strongly structured in the vertical plane. Species 
richness and diversity increased with depth and were lowest for CPR samples. This was partly attributed 
to the absence of some species (e.g. Oithona frigida) from the surface waters. However, the low species 
richness of most zooplankton groups for CPR samples compared to that of vertical nets deployed in the same 
depth zone (0-20m), indicated that the CPR under-sampled communities. Multivariate cluster analysis of 
species abundance data showed that both the vertical nets and CPR surveys identified distinct communities 
to the north and south of the Southern Sub-Antarctic Front. The identification of biogeographic zones is 
particularly relevant to long-term monitoring as regionally specific plankton species and communities 
are important biological indicators of environmental change. Despite under-sampling components of the 
zooplankton, indications are that the CPR will be an important biological monitoring tool and provide new 
insights into annual and inter-annual dynamics of surface zooplankton communities in the Southern Ocean. 

The impact of inshore fisheries on the spotted and ornate 
wobbegong (Orectolobus maculatus and O. ornatus) along 
the New South Wales coast

Huveneers, Charlie*

Graduate School of the Environment, Macquarie University, Sydney, New South Wales, 2109 Email: 
charlie.juveneers@gsc.mq.edu.au 

There is widespread international and national concern for sharks, skates and rays. This group of marine 
species is particularly vulnerable to overfishing and many species are known to have been seriously 
affected in Australia. Of the species affected, the wobbegong sharks have been highlighted in the National 
Plan of Action for the Conservation of Sharks, Skates and Rays as of particular concern. Wobbegongs are 
predominantly landed by commercial fishers endorsed in the ocean trap and line fishery in near-shore 
waters along the NSW coast. Commercial landings of wobbegongs have steadily declined from about 
120 tonnes in 1990/91 to about 40 tonnes in 1999/00. Sharks are particularly susceptible to overfishing 
and current trends point to a declining abundance of wobbegong sharks in NSW. Data on life history 
(including reproductive investment and growth rate) and feeding ecology from caught animals will be 
combined with habitat use, movements and distribution of wild animals. These will be examined and 
abundance estimated using mark-recapture techniques. I will then model the population dynamics of the 
two species found in NSW. In combination with data from landings compiled by NSW fisheries, single and 
multi species models of the impact of the fishery on the wobbegong populations will be built. A variety 
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of scenarios will be simulated in order to assess their vulnerability to a 
range of exploitation rates with the aim of making suitable management 
and conservation recommendations. Such recommendations could then 
be used to regulate other similar fisheries of long-lived animals for which 
catches have been declining in a similar manner to wobbegong sharks.

Does the proximity of mangrove forests 
influence the assemblages of fish in 
seagrass beds ?
Jelbart, Jane E.1*, Ross, Pauline1 & Connolly, Rod2

1University of Western Sydney, College of Science, Technology and Environment. Locked Bag #1797, 
Penrith DC, New South Wales, 1797. 2Griffith University, School of Environment and Applied 
Sciences, PMB 50, Gold Coast Mail Centre, Queensland, 9726 Email: j.jelbart@uws.edu.au 

Seagrass beds of Zostera capricorni and mangrove forests of Avicennia marina are commonly found 
adjacent to each other in estuaries of temperate south-eastern Australia and both are nursery habitats 
for juvenile fish. The mangrove forests have been shown to contain greater fish diversity, but during the 
low tide when the mangrove is exposed, where do these fish shelter? In this study, fish were sampled 
during the high tide in mangrove forests and during the low tide in seagrass beds so that the fish could 
be categorised into mangrove fish species (those that were commonly found in mangrove) and non-
mangrove fish species (those found only in seagrass beds). The seagrass beds were of varying distances 
from the mangrove forests. It was predicted that those seagrass beds close to mangrove forests would 
contain more mangrove fish species than those seagrass beds further away. The survey found that 
the density of mangrove fish species in seagrass beds decreased as the distance of the seagrass beds 
increased from the mangrove forest. In contrast, the density of non-mangrove fish species in seagrass 
beds increased as the distance of the seagrass beds increased from the mangrove forests. Furthermore, 
the assemblages of fish within seagrass beds located close to mangrove were significantly different 
compared the assemblages in beds located far from mangrove. This confirms that the presence of 
mangrove forests is correlated with the assemblages of fish within nearby seagrass beds. Conservation 
within estuaries should target mangrove forests and seagrass beds to protect the assemblages of fish.

Relative Abundance and Distribution of Southern 
Hemisphere Group IV Humpback Whales (Megaptera 
novaengliae) during their Northern and Southern Migration 
at North West Cape, Western Australia

Jenner, K. Curt S., Jenner, Micheline-N.M., Salgado Kent, Chandra P.* & 
Bilgmann, Kerstin

Centre for Whale Research (WA) Inc., P.O. Box 1622, Fremantle, Western Australia, 6160 Email: c_
salgado@site.ntu.edu.au 

Aerial surveys were conducted during the years 2000 and 2001 to identify the distribution and abundance 
of Group IV humpback whales (Megaptera novaengliae) near North West Cape in Western Australia. All 
surveys were conducted during the period of humpback whale migration in the region, which occurs from 
June to November. In 28 aerial surveys over the two-year period of observation, a total of 1752 humpback 
whales in 1217 pods were sighted. Numbers of humpback whales observed were significantly greater in 
August than in any other month during the migrating period. From June to the first week of August, the 
majority of humpback whales were migrating north in water between 100m and 200m deep. From the 
beginning of August to the first week of September, a transition period of migration was observed. The 
migratory body during the transition period was dispersed between depths of 100m and 300m. The majority 
of whales observed between September and the end of November were migrating south within depths less 
than 100m. Also, during the main southern migration, a high number of cow/calf pods was observed within 
Exmouth gulf (adjacent to the migratory corridor). The gulf may be used as a resting area for cow/calf pods.
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Complex interactions between lobsters, 
sea urchins, sediment and algae 
facilitates spread of an exotic kelp on 
subtidal reefs in eastern Tasmania

Johnson, Craig R.*, Valentine, Joe & Pederson, Hugh
School of Zoology and Tasmanian Aquaculture and Fisheries Institute, 
University of Tasmania, Private Bag 5, Hobart, Tasmania, 7001 Email: 
craig.johnson@utas.edu.au 

Sea urchin (Heliocidaris erythrogramma) dominated ‘barren grounds’ in 
eastern Tasmania differ from typical barrens elsewhere in the world in that 

(1) they occur as patches rather than occupying long contiguous tracts of coastline; (2) mean densities of 
the urchins on barrens are only marginally greater than that in adjacent macroalgal beds; (3) they occur only 
in sheltered and moderately exposed bays and are often characterized by a layer of sediment over the reef 
structure; and (4) in central eastern Tasmania they usually support dense cover of the introduced Japanese 
kelp Undaria pinnatifida, which is a winter annual. We show that sporophytes of this exotic kelp establish 
in dense stands only when the native algal canopy is disturbed. Removing native algae from experimental 
patches results in greatly increased coverage of U. pinnatifida sporophytes and sediment. On the urchin 
‘barrens’, growth of U. pinnatifida sporophytes outstrips the ability of the urchins to destructively graze 
them, and so formation of barrens habitat facilitates establishment of dense monospecific stands of U. 
pinnatifida. However, experiments show that in some years development of the U. pinnatifida canopy 
on urchin barrens is limited by the urchins’ grazing. The sediment matrix that develops following 
small scale disturbance to the native canopy does not prevent recovery of native algae, but ostensibly 
impacts on the recovery of native species on extensive urchin barrens in the absence of grazing and U. 
pinnatifida, even when spore-bearing native algae are introduced. Extensive cover of U. pinnatifida 
on H. erythrogramma barrens arises because urchin grazing and sediment on barrens is sufficient to 
prevent native algae from colonizing, but insufficient to prevent proliferation of U. pinnatifida. Thus, the 
barrens are integral to widespread establishment of U. pinnatifida at high densities. A combination of in 
situ estimates of lobster predation rates on the urchin, and measures of population growth of the urchin 
reveal that fishing of legal-sized rock lobsters is sufficient to account for increases in urchin numbers 
to the point where barrens are formed. In situ experiments and large scale surveys indicated that rock 
lobsters are far more important predators of H. erythrogramma than are demersal reef-associated fishes. 
Thus, fishing of rock lobsters may ultimately account for the proliferation of U. pinnatifida in this area.

Measurement of suspended solids distribution from 
Acoustic Doppler Current Profiler (ADCP) records

Jones, Chris*

Marine & Coastal Solutions Pty Ltd., 36 Wharf St., Shorncliffe, Queensland, 4017 Email: 
marcoast@bigpond.net.au 

A critical aspect of determination of the areas affected by plumes is to determine the actual distribution of 
the solid material in the plume and adjacent waters. Acoustic Doppler Current Profilers (ADCPs) rely on 
the presence of particles in the water to measure the water motion. Using ‘Sediview’ software developed 
by Dredging Research Ltd. in the UK the records of RDI ADCPs can be post processed to determine 
the quantity of suspended solids in the various sections of the water column. This information can also 
be combined with the original current records to produce a total solids flux. Advantages of the method 
include obtaining 2D profiles of rapidly varying sediment concentrations as occur in plumes. This allows 
the total quantity of material in the plume to be measured at various sections which can be equated to rate 
of sediment fallout from the plume. In a recent study of the hydrodynamics of Cleveland Bay carried out 
by GHD, for the Townsville Port Authority, ‘Sediview’ processing was used to obtain data that enabled a 
better understanding of sediment mobilization & deposition processes. Data sets were obtained of naturally 
occurring plumes from creek inputs and wave action in shallow water as well as ship passages in the 
channel. The technique can be applied to measure sediment plumes from rivers and dredging operations.
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Coral Reefs in the Great Barrier Reef 
have huge potential to produce natural 
sulphate aerosol and may be involved in 
a climate warming effect over the Reef 
in summer

Jones, Graham B.1*, Broadbent, Andrew D.2 & Curran, 
Mark A.J.3

1Centre for Coastal Management, School of Environmental Science 
& Management, Southern Cross University, Lismore, New South 
Wales, 2480. 2Marine Chemistry Group, James Cook University, Townsville, Queensland, 4840. 3CRC 
for Antarctic Climate and Ecosystems, University of Tasmania, Tasmania Email: gjones@scu.edu.au 

Large amounts of dimethylsulphide (DMS), a volatile sulphur compound involved in a climate cooling 
effect (Charlson et al., 1987), and its precursor compound dimethylsulphoniopropionate (DMSP), and 
dimethylsulphoxide (DMSO), are reported for three coral reefs in the Great Barrier Reef (GBR). Comparison 
of DMS, DMSP and DMSO levels in the three reefs studied have shown that dissolved DMS and DMSP 
are highest in the lagoon waters of One Tree Reef, whilst DMSO levels are similar in all three coral reefs 
examined. Diurnal studies of dissolved DMS and DMSP at One Tree Reef suggests that for reefs that have 
limited tidal exchange with inter-reefal water, levels of dissolved DMS and DMSP significantly increase 
during ‘moating’ of seawater inside the reef lagoon. We believe the high levels of DMSP in coral reefs, 
reflects the extremely high concentrations of DMSP in coral zooxanthellae (310fmol.zox-1), corals (21-
3831fmol.zoox-1), and coral mucus (1,226-25,000nM). In ‘mucus ropes’ (containing coral zooxanthellae, 
coral mucus and phytoplankton) from Kelso Reef and One Tree Reef dissolved DMS ranged from 17,000-
18,500nM, whilst DMSP concentrations ranged from 37,000-54,000nM, the highest concentrations 
reported in the literature to date. High levels of dissolved DMS and DMSP also occurred in sea surface 
microlayer samples and sediment pore waters from the three coral reefs. The highest flux of DMS to the reef 
atmosphere, together with the highest atmospheric levels of DMS, was at One Tree Reef. The results suggest 
that DMS emissions from coral reefs in the GBR are significant, and for those reefs that exhibit limited tidal 
exchange with inter-reefal water, emissions of DMS and natural sulphate aerosol to the reef atmosphere are 
large. A highly significant correlation of DMS with sea surface temperatures in the GBR (r =0.43, n = 70; 
P<0.001) could suggest a negative climatic feedback for DMS for inshore waters of the GBR. However, 
recent research suggests that enhanced emissions of DMS could warm the atmosphere, weakening the 
hydrological cycle, and affecting the severity of the mass coral bleaching episodes now observed in the GBR.
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Phytotoxicity evaluation of 
Photosystem-II (PSII) herbicides on 
coral

Jones, Ross J.*

Centre for Marine Studies, The University of Queensland, St Lucia, 
Brisbane, Queensland, 4072 Email: rjonds@uq.edu.au 

Recent reports of contamination of the Great Barrier Reef Marine Park by 
herbicides used in antifouling paints and in agriculture, have caused concern 
over the possible effects on corals and seagrasses in near shore areas. 
Pulse-Amplitude Modulated (PAM) chlorophyll fluorescence techniques 

were used to examine changes in the photochemical efficiency (∆F/Fm’) of symbiotic dinoflagellates within 
the host tissues (in hospite) of the coral Seriatopora hystrix exposed to a number of Photosystem II (PSII) 
inhibiting herbicides. The concentration required to reduce ∆F/Fm’ by 50% (median effective concentration) 
differed by over 3 orders of magnitude: Irgarol 1051 (0.7µg l-1) > ametryn (1.7µg l-1) > diuron (2.3µg l-1) > 
atrazine (45µg l-1) > hexazinone (8µg l-1) simazine (120µg l-1), tebuthiuron (175µg l-1) > ioxynil (>500µg l-

1). Time-course experiments with Irgarol 1051 and diuron indicated ∆F/Fm’ was rapidly reduced (i.e. within 
minutes of exposure). On return to flowing seawater ∆F/Fm’ recovered quickly in corals exposed to diuron 
(i.e. in minutes to hours), but much more slowly in corals exposed to Irgarol 1051 (i.e. hours to days). The 
irradiance levels under which the experiments were conducted was the key variable influencing diuron 
phytotoxicity. At high irradiance diuron caused a long-term reduction in the maximum potential quantum 
yield of PSII (Fv/Fm) (indicative of photodamage), and induced a dissociation of the coral-algal symbiosis 
(i.e. bleaching). Bleaching was most pronounced on the parts of the colony that received the highest light 
levels (i.e. the upper sunlight exposed surfaces). At lower light levels, no photodamage or loss of algae 
from the corals tissues occurred, and the effects of diuron would be akin to a cloud passing overhead

Cleaner fish become hosts: a novel form of parasite 
transmission

Jones, Conor1*, Grutter, Alexandra1, Cribb, Thomas2

1 School of Life Sciences, University of Queensland, Australia 4074
2 Centre for Marine Studies and the Department of Microbiology and Parasitology, University of 

Queensland, Australia 4074 Email: jonesconor@hotmail.com

Adult parasitic bucephalid trematodes (Digenea) generally only occur in piscivorous fish. Within labrid 
fishes they are very rare, however, we have found them in labrid cleaner fish that feed on the ectoparasites 
of fish. We surveyed 969 labrid fishes from the tropical Pacific and found bucephalids only in cleaners 
(Labroides dimidiatus, L. bicolor and Bodianus axillaris) and none in piscivores. The prevalences of 
bucephalids in L. dimidiatus at Lizard Island, Heron Island, Orpheus Island (all on the Great Barrier Reef), 
New Caledonia, and Moorea (French Polynesia) were 51%, 47%, 67%, 56% and 67%, respectively. All of 
the L. bicolor examined from Moorea were infected. Bucephalids were highly prevalent in all size classes of 
L. dimidiatus from Lizard Island. Bucephalids were found in a 1.6 cm long juvenile L. dimidiatus in which 
piscivory is highly unlikely. We examined the literature on the worldwide bucephalid fauna in labrids and all 
hosts were found to be cleaners (Symphodus tinca, S. mediterraneus, L. dimidiatus, L. bicolor and Bodianus 
axillaris) except Notolabrus parilus, whose ecology is unknown. We suggest that cleaners eat bucephalid 
metacercariae directly from the exterior surface of client fish during cleaning interactions. This is the first 
record of digeneans in the diet of L. dimidiatus, and the first study to show this novel form of parasite 
transmission where infective stages are eaten as a result of cleaning behaviour. If these infective stages are 
eaten during cheating behaviour, then this parasite may act as a regulator of mutualism. Alternatively, if 
infective stages are targeted, the parasite may act as a negative consequence of honest foraging strategies.
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Predation on infaunal assemblages by 
a benthic feeding goby: implications for 
the meiofauna and small macrofauna 
within coral reefs

Kay, Benjamin*, Tibbetts, Ian & Dove, Sophie
Centre for Marine Studies, University of Queensland, St. Lucia, 

Queensland, 4072 Email: Fishymax2@aol.com 

Some predator-prey studies have shown that the meiofauna and small 
macrofauna (infauna) living in, on, or adjacent to the sediment comprise an 
inexhaustible food source for small-bodied, benthic feeding fishes. Alternatively, other research suggests fish 
predators can regulate the density and distribution patterns of infauna. The extent to which predation serves 
as a top down control depends upon the ecosystem studied. Information on the impacts of fish predators on 
meiofauna and small macrofauna within coral reef ecosystems is sparse. The present study first compared the 
mean biomasses and bite rates of four common gobiid fishes on the reef-flat of Heron Reef. Results suggest 
that Valenciennea longipinnis was the dominant predator on the infauna within the study site. Subsequent 
investigations examined the feeding behaviour and feeding impacts of this abundant, sand-sifting goby. Three 
specific objectives were outlined: (1) to determine the spatial and temporal feeding patterns of V. longipinnis 
relative to its burrow, (2) to determine whether it depletes infauna from local sediment around its burrow, and 
(3) to estimate a daily consumption rate for adult fish. Spatial and temporal feeding patterns were examined 
in situ using a number of behavioural surveys. Potential impacts of fish feeding (prey consumption and/or 
disturbance) were detected by taking core samples from both high-density fish zones and zero or low-
density fish zones. A daily consumption rate was estimated by collecting fish from the field approximately 
one hour after feeding and counting the number of individuals within each prey taxon in fish guts.

Are seagrass landscape features sufficient to evaluate the 
success of seagrass transplantations?

Kenna, Rebekah1*, Hyndes, Glenn1, Lavery, Paul1 & Bastyan, Geoff2

1Centre for Ecosystem Management, School of Natural Sciences, Edith Cowan University, Perth, 
Western Australia, 6027. 230 Koonwarra cl, Lower King Albany, Western Australia, 6330 EMail: 
r.kenna@ecu.edu.au 

Performance criteria for the evaluation of transplanted seagrass meadows have focused on measuring 
survival and structure of seagrass, rather than ecological functions. The underlying assumption is that, 
restoring the structure, provides a concomitant recovery of ecological functions. However, this underlying 
assumption has not been tested, which begs the question: should performance criteria be based on 
the sequence of return of major ecological functions, rather than on survival and structure alone? We 
documented the return of ecological functions in transplanted Posidonia australis seagrass ecosystems in 
southwest Australia, simultaneously testing the hypotheses that seagrass area equals function and that return 
of function is correlated to the establishment of seagrass landscape features. Major ecological functions 
(primary production, secondary production, habitat provision and nutrient cycling) were assessed in areas 
of seagrass transplanted in 1994, 1997 and 1998. These were compared to three reference sites. In terms of 
structural complexity parameters, initial results reveal that, while there is a statistical increase in seagrass 
biomass with age, this trend was not apparent for seagrass shoot density and leaf length. In comparison, 
epiphyte biomass in the youngest transplanted patches tended to be more similar to the reference meadows. 
These results provide an interesting case study of how seagrass landscape features and ecological function 
return, for a temperate seagrass ecosystem and suggest that the relationship between landscape and 
function is not a simple one. This will be discussed using data for indicators of major ecological functions.
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Estimating growth and catchability of 
spanner crabs in south Queensland

Kirkwood, John1*, Brown, Ian1, Hoyle, Simon1 & 
Gaddes, Shane 2

1Southern Fisheries Centre, PO Box 76, Deception Bay, Queensland, 
4508. 2Queensland Fisheries Service, Forestry House, 160 Mary Street, 
Brisbane, Queensland, 4000. Email: john.kirkwood@dpi.qld.gov.au 

Spanner crabs (Ranina ranina) live in sand substrata in offshore shelf 
waters throughout the tropical and sub-tropical Indo-Pacific region from 
the Seychelles Islands to Hawaii. These large, edible crabs are the subject 

of a number of distinct fisheries throughout this region, of which the Australian east coast fishery is by far 
the largest. This fishery underwent a spectaucular increase in the 1990s, due to northward expansion and 
increased fishing effort. Currently, there is little or no reliable information regarding spanner crab stock 
size, or their rates of growth, recruitment and mortality: parameters which are particularly important for 
the reliable management of a natural resource. In the absence of accurate information on these parameters, 
resource depletion may occur rapidly without warning at current exploitation rates. The ongoing 
improvements in the fishers’ ability to locate and return to crab patches, together with their exploitation of 
new grounds further from port, means they are able to maintain a consistent CPUE even if the resource is 
declining. Such a situation could mean that serious over exploitation of the resource is already occurring. 
Therefore, there is a pressing need for accurate data on these parameters to ensure optimal management 
of the spanner crab fishery for the maximum benefit of all stakeholders. Previous studies have produced 
widely divergent attempted estimates of spanner crab growth parameters. In this study we employed a 
specially designed hydraulic dredge to sample recently settled megalopae and spanner crab juveniles. 
Modal progression of body lengths of those crabs indicated that they were extremely slow growing, 
and took four to five years to reach the minimum legally exploitable size. Estimating the abundance of 
spanner crabs has proven similarly intractable. We estimated the catchability of spanner crabs by sequential 
depletion. That estimate can be applied to commercial catch data to estimate the abundance of spanner crabs.

Sugar cane drains: black drains of death can become 
valuable marine habitats

Kirkwood, John1*, Johnston, Mathew1, Harris, Claire2 & Buemer, John3

1Southern Fisheries Centre, PO Box 76, Deception Bay, Queensland, 4508. 2Environmental Protection 
Agency, 80 Meiers Road Indooroopilly, Queensland, 4068. 3Queensland Fisheries Service, Primary 
Industries Building, 80 Ann Street, Brisbane, Queensland, 4000 Email: john.kirkwood@dpi.qld.gov.
au 

Many sugar cane farms in eastern Australia have been established on former tidal land. Drains built on 
those farms are floodgated to prevent ingress of tidal water that may flood the canefields and kill the crop. 
However, those drains can accumulate high concentrations of acid from adjacent disturbed acid-sulphate 
soils. pH levels in the drains can become so low that the drains become toxic to virtually all animal life. 
During flood events, toxic waters from sugarcane drains can be released into natural waterways, causing 
environmental damage including large scale fish kills. By allowing controlled amounts of estuarine water 
to enter sugarcane drains we demonstrated that they can become valuable fish habitats. Estuarine water 
buffered acid, killed freshwater weeds and altered fish and crustacean assemblages in the cane drains.
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Remote sensors of the coral sea: 
stomatopods (mantis shrimp)

Kleinlogel, Sonja* & Marshall, Justin
Vision, Touch and Hearing Research Centre, The University 

of Queensland, St.Lucia, Queensland, 4072 Email: 
S.Kleinlogel@uq.edu.au 

It is of great interest to find a robust and globally applicable solution 
for large-scale monitoring of coral health and algal blooms with remote 
sensing. Remote sensors encounter many difficulties when trying to 
acquire data from aquatic systems, due to complicating factors introduced 
by the water column and the shiny water surface. Up to present it has not been possible to distinguish 
healthy from sick and dead coral on airborne or spaceborne images. Knowledge about visual systems of 
marine animals may help to improve remote sensing data acquisition and processing. The stomatopod 
represents an auspicious model in numerous ways: (1) Stomatopods possess unique eye-movements, 
which scan the world exactly the same way that push-broom type remote sensors scan the world. (2) 
Even though examination of both existing visual systems and theoretical calculations have revealed that 
four color receptors are sufficient to explore spectral space from 300nm (UV) to 800nm (far red), remote 
sensors are becoming increasingly hyperspectral. The stomatopod, which possesses twelve narrow-
band spectral sensitivities, is the only hyperspectral animal. (3) The polarization system of stomatopods 
is highly evolved. It includes four polarization sensitivities in two spectral bands (UV and green) and 
may even be able to linearize circular polarized light (which occurs at the edge of Snell’s window). 
Better understanding of the stomatopod’s polarization vision could give clues how to reduce image 
degradation from shiny surfaces and through scattering media such as water. Investigations on the visual 
neuroarchitecture of stomatopods have revealed that they use six trichromatic opponent color channels 
and two independent polarization subsystems in the UV and green. Spectral, polarization and spatial 
information project to the brain in three parallel data streams. Stomatopods could potentially contribute 
to the development of remote sensors, which are able to monitor the health of the Great Barrier Reef.

Pigmentation as a strategy for reducing solar damage in 
reef-building corals

Anke Klüter
Centre for Marine Studies, University of Queensland, St Lucia, QLD 4072

Email: a.klueter@mailbox.uq.edu.au

Reef-building corals are renowned for their striking pigmentation. Many coral pigments have been identified 
as homologs of the Green Fluorescent Protein (GFP) of the Hydrozoan jellyfish Aequorea victoria. 
Preliminary studies suggest that the presence of fluorescent pigments is related to light stress, and that 
these pigments may have an important role in photo-protection. Understanding the function of compounds 
associated with the photobiology of coral symbiosis is important to evaluating the full impact of their ability 
to protect shallow water corals and hence how corals survive successfully in an extreme environment. 
The study explored the ecological significance of GFP-homologs in reef-building corals and particularly 
those that are green fluorescent. While the abundance of green fluorescing corals varied significantly, 
the total content of GFP-like proteins within corals was constant. The consistent presence of GFP-like 
proteins across species in all parts of the reef (Heron Island Reef, GBR) is indicative that all corals contain 
a pool of fluorescent and/or non-fluorescent GFP-like proteins. The response of GFP-like proteins to 
different wavelengths of light varied significantly between coral species and colour morphs. The findings 
of this study indicate a major role of coral host pigments in regulating the solar flux in the ultraviolet 
and photosynthetically active spectra that reach the dinoflagellate partner of the coral-algal association. 
Host pigments show the potential to be a critical element in determining how and where corals are found 
within the extreme light gradients that are characteristic for the shallow tropical sea that they inhabit.
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Using predictive monitoring programs 
to moderate point source impacts in 
sensitive marine environments

Riku W. Koskela*, Petra Ringeltaube, Thomas V. 
Koskela, Angus R. Fraser, Joanna Lee and Andrew 
Small
Aquatic Sciences Group, GHD Pty Ltd Brisbane, Queensland, Australia

A Predictive Monitoring Program (PMP) for Marine Construction 
was developed and implemented in the Great Barrier Reef Marine 

Park to moderate the environmental impacts of the Nelly Bay Harbour Development, Magnetic Island. 
This program was further refined stage 2 extensions of East-Arm port facility, Darwin Harbour. The 
primary role the PMP is to predict and mitigate development related environmental impacts prior to their 
occurrence. This differs substantially from the passive reporting role of the conventional Environmental 
Impact Monitoring Program (IMP) applied to marine development activities. Of necessity, various 
components of the PMP differ substantially from those applied in the IMP model. Via a series of baseline 
studies, the program determines environmental tolerances of key habitats and biota. These tolerances are 
translated into a series of habitat trigger levels. By applying the habitat trigger levels for physicochemical 
parameters to a predictive water quality model, development trigger levels can be calculated for 
specific development or construction activities. This process results in the provision of warning and 
shutdown development trigger levels. Clearly defined management responses are adopted within the 
pre-construction phase so that breach of a trigger level instigates an immediate pre-defined action. The 
program moderates the expense of monitoring by linking intensive investigation with breaching of the 
warning trigger level. This addresses uncertainties in the efficacy of trigger level settings in a cost-
effective manner. Breach in the shutdown trigger level results in a stop work and modification of a 
particular construction activity. The application of PMP protocols in environmental protection is discussed.

Developing site-specific water quality objectives for 
coastal systems

Riku W. Koskela*, Ross M. Fryar, Thomas V. Koskela, Kristina T. Sestokas, 
Petra Ringeltaube, Angus R. Fraser and Joanna D. Lee.

Aquatic Sciences and Hydrology Groups, GHD Pty Ltd, Brisbane, Queensland, Australia

Water quality objectives (WQO’s) are a set of trigger values for various physicochemical and biological 
parameters that allow for rapid assessment of prevailing water quality with respect to the maintenance of 
ecological processes or condition. The setting of WQO’s is regarded as a principal step in the development 
of management strategies for the maintenance of aquatic systems and those processes that impact on them. 
While national and regional guidelines are available for many system types (i.e. ANZECC/ARMCANZ, 
2000; Queensland Water Quality Guidelines, Qld EPA, 2001), development of site-specific objectives is 
favoured. It is evident that the setting of WQO’s will rely on an understanding of ecological processes and 
tolerances. This is not the only consideration however. The level of importance placed on maintenance 
and utilisation of the resource by key stakeholders, and the long-term strategic vision of principal landuse 
managers plays a pivotal role in determining the minimum acceptable condition required of the waterway. 
This minimum standard will partly dictate the WQO settings. The capacity for a substantially altered 
system to meet any objective must also be taken into account if the WQO’s are to be a practical expression 
of expectation.  The approach of the current study team has been to integrate scientific understanding 
of habitat tolerances, rapid habitat condition assessment, stakeholder liaison and hydrological 
modelling to set practical WQO’s to guide management actions. Example projects are presented.
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Acid avoidance behaviour in juvenile fish 
and prawns
Kroon, Frederieke*†

NSW Fisheries, Port Stephens Fisheries Centre, Private Bag 1, Nelson 
Bay, New South Wales, 2315. †current address: CSIRO Land & 
Water, 120 Meiers Road, Indooroopilly, Queensland, 4068 Email: 
frederieke.kroon@csiro.au 

The ecological effects of acute exposure to acid sulfate soil discharge have 
been well documented. However, less is known about the long-term impacts 
of chronic acid sulfate run-off. Such run-off may create barriers to migration, 
thus affecting juvenile recruitment of migratory fish and prawn species. If juveniles avoid streams with chronic 
acid sulfate run-off, partial or complete recruitment failure may occur in these streams. As a result, the capacity 
of upstream habitats to act as nursery areas may be reduced, which could have potential effects on stock size. 
Consequently, acid sulphate run-off could impact detrimentally on commercial and recreational fisheries. In 
this study, I examined the possible existence of acid avoidance behaviour in juvenile snapper (Pagrus auratus), 
yellow-fin bream (Acantophagrus australis), Australian bass (Macquaria novemaculeata), and schoolprawn 
(Metapenaeus macleayi). I tested the predictions that (i) juveniles can detect a difference in acidity, and (ii) 
juveniles avoid low concentrations of acid, when given a choice. Juveniles were given a simultaneous choice 
between two water qualities in paired channels of a laboratory stream, thus providing them with a choice in 
a preference-avoidance situation. The results showed that all species avoided acidified water, with snapper 
showing the strongest response and schoolprawn the weakest. This indicates that the acidic component of acid 
sulfate run-off alone has the potential to affect recruitment of these juveniles in the field. Other components of 
acid sulfate run-off, such as dissolved aluminium and dissolved iron, may affect recruitment as well, but have not 
been studied so far. The pH levels that juveniles avoided in these experiments were well within the magnitude 
of natural systems. Thus, such avoidance behaviour may result in recruitment failure in areas with acid sulfate 
run-off. This may reduce the proportion of potential nursery habitat used, with potential effects on stock sizes.

Factors influencing dugong hunting by a remote Island 
community in Torres Strait
Kwan, Donna and Marsh, Helene*
School of Tropical Environment Studies and Geography, James Cook University, Townsville, 4811.

Email: Helene.Marsh@jcu.edu.au

The large globally significant population of dugongs in Torres Strait supports an important traditional 
fishery for Torres Strait Islander peoples. The Islanders hunt dugongs for their meat and oil as part of 
their traditional way of life which is protected by the Torres Strait Treaty between Australia and Papua 
New Guinea. Sustainability of this fishery is considered a major imperative for Islanders who greatly 
value dugongs for nutritional, cultural, social, and economic reasons. Government agencies also have 
obligations under various legislations to ensure the longevity of these animals in Torres Strait. However 
to date, there has been little information collected about the factors that determine sustainable harvest 
rates. In this study, I obtained data from interviews conducted in 1998-99 with Islander dugong hunters, 
to examine the factors that affected hunting activity and catch rates of dugongs on the remote island 
community of Mabuiag, in Torres Strait. I used generalised linear and generalised additive models to 
examine the effects of various environmental, seasonal and socio-economic variables on the probability 
of hunting by Islanders. Results indicated several factors influenced the temporal and spatial nature of 
hunting effort, hunting success, and consequently the magnitude of the dugong catch in 1998-99. The 
probability of hunting was related to lunar phase and was significantly higher at new and full moons, 
coinciding with spring tides. Most hunting was undertaken during the South-East trade wind season 
(May to October) but within this period the spatial pattern of hunting effort was constrained by inclement 
weather. The probability of hunting was also related to the availability of disposable cash from crayfish 
harvesting. Less hunting for dugong occurred during periods of high crayfish abundance, because harvesting 
crayfish provided the Islanders with an opportunity to earn additional cash income. Information on the 
economic, socio-cultural and environmental factors that affect hunting effort and catch rates of dugongs 
has considerable potential to improve the sustainable management of the dugong fishery in Torres Strait. 
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Molecular analysis of microbial 
biodiversity in three sponge species 
from the Great Barrier Reef
Lafi, Feras F.1, Kim, Tae Kyung1, Pearson, Darnley1, 
Webb, Rick1,2, Garson, Mary3 & Fuerst, John A.1*

1Department of Microbiology & Parasitology, School of Molecular and 
Microbial Sciences. 2Department of Chemistry, School of Molecular 
and Microbial Sciences. 3Centre for Microscopy and Microanalysis, The 
University of Queensland, Brisbane, Queensland, 4072 ved in three 
sponge species - Pseudoceratina clavata, Rhabdastrella globostellata 

and a new species of Axynissa, by applying 16S rRNA gene sequences from bacterial isolates in pure 
culture and by direct PCR analysis of the total community DNA. The phylogenetic analysis of isolates 
showed that the bacterial community structure was most similar in P. clavata and R. globostellata, 
displaying shared components of the major bacterial phyla Proteobacteria, Firmicutes, Actinobacteria, 
and Bacteroidetes and representative of some very closely related genera within phyla. The Axynissa 
n.sp. contains representatives of three of the phyla present in the other two sponges - Proteobacteria, 
Actinobacteria and Firmicutes. Thus symbionts of three different sponge genera display similar wide 
biodiversity in terms of phylogenetics at the phylum-level of diversity. Conserved primers designed to 
amplify members of the different prokaryotic domains Bacteria and Archaea and members of the phylum 
Planctomycetes, were applied to PCR reactions in which total sponge-microbial community DNA was 
the template. These reactions demonstrated the presence of Archaea and Planctomycetes (groups which 
are known to have unculturable members) in P. clavata and R. globostellata. Cultural and/or direct PCR 
approaches demonstrate both a wide phylogenetic diversity of bacterial symbiont components of the 
sponge microbial community in distinct sponge species and a high degree of similarity in the structure of 
this diversity in distinct sponge species.

Genetic analysis of three species of fur seal (Arctocephalus 
spp.) sympatric at Macquarie Island reveals extensive 
hybridisation in population
Lancaster, Melanie 1,2*, Goldsworthy, Simon1 & Sunnucks, Paul2

1Sea Mammal Ecology Group, Zoology Department, 2Department of Genetics, La Trobe University, 

Bundoora, Victoria, 3086. (m.lancaster@zoo.latrobe.edu.au)

Human impacts on natural populations include habitat disturbance and local extinctions, which can lead to 
secondary contacts between formerly isolated species. Macquarie Island suffered extensive seal harvesting 
in the nineteenth century and subsequent extirpation of the original seal population, with recolonisation of 
the island by three species of fur seal slow and complex. The two main breeding species on the island are 
Antarctic fur seals, Arctocephalus gazella, and subantarctic fur seals, A. tropicalis, although male New 
Zealand fur seals, A. forsteri, also haul out during the breeding season. Species composition of the 1992/93 
and 1998/99 populations was determined using mitochondrial DNA and single-locus nuclear DNA markers 
(microsatellites) to examine the extent and trends of hybridization in the population. Genetic analysis 
revealed Antarctic fur seals to be the most common species, while subantarctic fur seals accounted for only 
10% of the population. Hybridisation in both seasons was quite extensive, with hybrids comprising a quarter 
of the population. In 1992/93, 52% of hybrids resulted from matings between Antarctic and subantarctic 
fur seals, and although in 1998/99 this proportion was halved, past hybridisation between these two species 
was supported by the presence of nth generation hybrids. Although no pure New Zealand fur seals were 
detected in the breeding population, genetic analysis revealed both past and present hybridisation involving 
males of this species (67% of all hybrids in 1998/99). These results are unusual in that all three species are 
considered to exhibit resource-defense polygynous mating systems in which suitable shoreline for breeding 
is the limiting resource, but no male New Zealand fur seals have held territories in the main breeding areas. 
Together with the substantial amount of hybridisation occurring in the population, these findings indicate that 
alternative mating strategies may be employed in the population, and importantly that reproductive barriers 
between the species are incomplete, which will have important implications for the recovery of the population.
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A missing link in mangrove trophic 
ecology? An alternative pathway of 
mangrove outwelling via crab-processed 
leaf material

Lee, S.Y.* & Werry, Jonathan M.
School of Environmental and Applied Sciences, Griffith University 

Gold Coast, Queensland, 9726 (joe.lee@griffith.edu.au)

Recent use of chemical tracers such as stable isotopes seriously challenges 
the trophic significance of mangrove primary production to estuarine food 
chains. While sesarmid crabs have been reported to process large proportions 
of mangrove production in Indo-Pacific mangroves, studies of mangrove contribution seem to ignore 
the importance of pre-export processing of mangrove litter. Field experiments following the microbial 
processing of Rhizophora stylosa and Avicennia marina leaf litter in the intertidal zone suggest negligible 
change in carbon and nitrogen stable isotope signature (with decomposition over a 120-day period, despite 
significant loss of ash-free dry weight and a gradual decline in C/N ratio (130 to 60 for R. stylosa and 65 
to 40 for A. marina). Estimation of surface bacteria density only recorded slow and sparse colonisation. 
Conversely, Avicennia marina leaf litter shredded, ingested and egested by the sesarmid crab Parasesarma 
erythodactyla in the laboratory underwent rapid and significant changes in δ15N value, decreasing from 4 
to 1‰ over a 4-week period. The δ13C value remained constant at ~-28‰. Crab-processed mangrove litter 
also demonstrated significantly lower C/N ratios (<30) than litter not previously shredded by crabs. Surface 
bacteria density of the two types of mangrove leaf material also differed significantly, with fragments in crab-
processed litter supporting a much higher density. Leaf litter fragments in the crabs’ faecal material are on 
average ~200µm in size. We hypothesize that shredding by and passage through the gut of P. erythodactyla 
predisposes mangrove leaf litter to rapid microbial conlonization by providing a large surface area to 
volume ratio, leaching of chemical deterrents, and addition of organic material of crab origin. Microbially 
transformed crab-processed mangrove leaf litter may represent a less apparent but important form of 
mangrove outwelling previously ignored in tropical and subtropical Indo-west Pacific estuarine food chains.

Local self-recruitment of coastal fishes in coral-reef 
lagoons of the Society and Tuamotu Islands, French 
Polynesia

Leis, Jeffrey1*, Trnski, Thomas1, Dufour, Vincent2, Harmelin-Vivien, Mireille3, 
Renon, Jean-Pierre4 & Galzin, René 2

1Australian Museum, 6 College St, Sydney, New South Wlaes. 2Université de Perpignan, 66860 
Perpignan Cedex, France. 3Station Marine d’Endoume, 13007 Marseille, France. 4Université 

d’Orleans, 4567 Orleans Cedex 2, France (jeffl@austmus.gov.au) 

In four lagoons at two atolls and one high island, and the ocean nearby, plankton samples were taken 
over four weeks in summer. A third atoll lagoon was sampled once. All locations were sampled during 
the day, and three lagoons were also sampled at night. Larvae of coastal fishes were abundant in all 
lagoons. In the atoll lagoons, larvae of oceanic fishes were rare to absent, but in the high-island lagoons 
and in the ocean, they were common. In the ocean, larvae of about 60 typical reef-fish taxa were abundant, 
but in the lagoons, most were rare or absent, and apparently they did not complete their larval phase in 
lagoons. We concluded that fish taxa completed their pelagic phase in a lagoon (i.e. were ‘completers’) 
if all larval stages were present in lagoon plankton samples. In the high-island barrier-reef lagoon only 
two taxa (of 56 captured) were completers. In the high-island lagoonal bay, 11 taxa (of 67 captured) were 
completers. In the three atoll lagoons 39-44 taxa were captured, and the number of completers increased 
with increasing lagoon size and physical openness. The 17 completer taxa in the smallest, most enclosed 
atoll lagoon were, with one exception, a subset of those (18) in the second lagoon which, in turn, with 1 
exception, were a subset of those in the largest, most open atoll lagoon (26). Completer taxa were of the 
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families Apogonidae, Blenniidae, Bothidae, Callionymidae, Carangidae, 
Gobiidae, Microdesmidae, Mullidae, Pomacentridae, Schindleriidae 
and Tetraodontidae. The species that complete their pelagic periods in 
coral-reef lagoons are a predictable group, most of which hatch from 
non-pelagic eggs. Demographically, lagoon populations of completer 
taxa self-recruit and are apparently nearly closed. Lagoon size was a 
strong predictor of the number of lagoon completer taxa. The number 
of completer taxa peaked at intermediate lagoon water-exchange times.

When a vessel approaches, do dolphins respond?

Lemon, Michelle ¹*, Harcourt, Robert G. ¹ and Lynch, Tim P.²
Marine Mammal Research Group, Graduate School of the Environment

Macquarie University, Sydney NSW 2109. Email: mlemon@gse.mq.edu.au
² Jervis Bay Marine Park, Huskisson, NSW, 2540.

Vessels are potentially the greatest source of anthropogenic disturbance to coastal dolphins. Reactions 
appear highly variable, ranging from attraction to vessels to long-term displacement from important home 
ranges. To date, most research investigating disturbance has concentrated on the surface response to vessels. 
Only recently has research begun to assess the effect of vessels on the acoustic behaviour of dolphins.
In Jervis Bay on the southeast coast of NSW, a population of bottlenose dolphins (Tursiops 
aduncus) are frequently exposed to recreational boats, commercial ecotourism vessels and military 
operations. Concerns have been raised as to the possible effect of these anthropogenic disturbances.
My research aimed to assess changes in the acoustic and surface behaviour of dolphins exposed to controlled vessel 
approaches. Between November 2001 and November 2002, dolphins’ behaviour was monitored continuously 
from an independent platform before, during and after controlled approaches (n=19) by a ‘recreational’ vessel.
Phonation rates were measured, and results indicated there was no significant change in the rate of 
burst-pulses before, during or after boat exposure (Kruskal-Wallis = 2.0, P = 0.37), however, there was 
a significant decrease in the rate of whistles (Kruskal-Wallis test = 7.33, P = 0.03) and echolocation 
clicks (Kruskal-Wallis test = 10.92, P = 0.004). Furthermore, behaviour changed over the three periods. 
Overall activity differed significantly between the experimental periods (X2 = 10.37, P = 0.00, d.f. = 2). 
A decrease in both whistle and echolocation rates while the vessel is in contact and after the vessel has departed, 
suggests that boat approaches may affect the acoustic and surface behaviour of dolphins in Jervis Bay.

Fatty acids and chubby seals: Using lipids to assess the 
diet of Australian fur seals
Littnan, Charles L.1,2*, Arnould, J.P.Y.1,3 & Harcourt, R.G.1
1Marine Mammal Research Group, GSE, Macquarie University, Sydney, New South Wales, 2109. 

2Protected Species Division, Honolulu Lab., PIFSC, NMFS, Honolulu, Hawaii, 96822, USA. 3Present 
address: Department of Zoology, University of Melbourne, Victoria, 3010 vDiet studies to assess the 
feeding ecology and fisheries interactions of Australian fur seals Arctocephalus pusillus doriferus 
(AFS) have generally relied on scat analysis to determine diet composition. Like other fur seals, AFS 
are generalist predators feeding on a broad range of fish and cephalopods. However, unlike their con-
generics clear seasonal trends in diet composition of some populations of AFS have not been found 
despite the fact that several fish and cephalopod prey species are known to fluctuate seasonally in 
abundance. It has been suggested that the lack of an identifiable seasonality in diet might be caused 
through a combination of the large number of prey species, limited sample size, digestion variables 
and lengthy foraging trips diminishing the sensitivity of the scat analysis. The aim of this study was 
to examine fatty acids (FA) in milk from lactating AFS at two breeding colonies to determine whether 
spatial, seasonal, and/or annual shifts in FA composition could be detected and if these changes can 
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be related to potential changes in the diet. Discriminant function 
analysis (DFA) of lipids in milk samples (n=179) detected little 
spatial or annual variation in FA profiles but did find a high degree 
of seasonality in FA composition. Milk samples could be correctly 
classified into their season (spring, summer, autumn/winter) 93% of 
the time, indicating shifts in diet between seasons. PCA and DFA of 
lipids indicated the seasonal fluctuation in FA composition of milks 
was likely due to changes in the cephalopod composition of the diet. 
These results indicate that FA analysis of lipids could prove a valuable 
tool for monitoring and managing AFS – fisheries interactions in the 
future.

Brain morphology and sensory brain areas in carcharhinid 
and sphyrnid sharks

Lisney, Thomas J.* & Collin, Shaun P.
Anatomy & Developmental Biology, School of Biomedical Sciences, The University of Queensland, 

St Lucia, Queensland, 4072 (t.lisney@uq.edu.au) 

The carcharhind (whaler) and sphyrnid (hammerhead) sharks are two closely related and highly successful 
families of shark. Most members of each family are top predators in a variety of warm temperate and tropical 
marine food webs. Despite the ecological and commercial importance of these sharks, very little is known 
about their sensory ecology and behaviour. The gross brain morphology of seven species of carcharhinid (four 
species of Carcharhinus, plus Galeocerdo cuvier, Prionace glauca and Triaenodon obesus) and two species 
of sphyrnid (Sphyrna mokarran and S. zygaena), were examined to deduce the sensory and behavioural 
capabilities of each species. These sharks occupy a range of habitats including estuarine and coastal waters, 
coral reefs and the open ocean. Carcharhinids and sphyrnids possess the largest brain mass to body mass ratios 
of all shark species studied thus far. In comparison with other species, the telencephalon and cerebellum are 
well developed in both families, but particularly so in Carcharhinus, Sphyrna and T. obesus. Four sensory 
brain areas that receive primary projections from the olfactory epithelium (olfactory bulb), eye (optic tectum), 
electroreceptors (anterior lateral line lobe) and acousticolateralis system (posterior lateral line lobe) were 
identified, and their volumes measured. The relative mean of each system was then calculated and species 
with above-average areas identified. The olfactory bulb is enlarged in G. cuvier and P. glauca, and in the 
two sphyrnid species, where the acousticolateralis system is also important. The visual and electroreceptive 
systems are well developed in C. amblyrhynchos and C. melanopterus, and T. obesus, which also has as 
enlarged acousticolateralis area. Carcharhinus falciformis is a visual specialist with an above-average optic 
tectum, whereas in C. leucas, electroreception and the acousticolateralis system are the most prominent 
senses. These interspecific differences in sensory specialisation may be used to habitat and lifestyle.

Visual ecology in elasmobranchs: photoreceptor and 
ganglion cell distributions predict interspecific variation in 
lifestyle and feeding strategy

Litherland, Lenore E. & Collin, Shaun P.*
School of Biomedical Sciences, The University of Queensland, St Lucia, Queensland, 4072 

(s.collin@uq.edu.au) 

The importance of vision remains unknown in many species of elasmobranchs. Here, we examine the 
morphology and distribution of both photoreceptor and ganglion cell populations in the retina of a range of 
species in order to assess their spatial resolving power and strategies for localising both prey and predator. 
The retinae of five species (the ornate wobbegong, Orectolobus ornatus, the white tip reef shark, Triaenodon 
obesus, the great white shark, Charcharodon carcharias, the epaulette shark, Hemiscyllium ocellatum, and 
the eastern shovelnose ray, Aptychotrema rostrata) representing a range of lifestyles (benthic, pelagic, 



108

Abstracts - AMSA2003

109

Abstracts - AMSA2003

diurnal, nocturnal) were investigated and morphological and topographic 
characterization of both cell populations revealed marked variation. 
Anatomical measures of visual acuity ranged from 2.5 to 4.5 cycles per 
degree in regional specialisations (areae and horizontal streaks) mediating 
acute vision. The retinal location of these acute zones varied emphasizing the 
relative importance of vision in different parts of each species’ visual field. 
The distribution of both ganglion and photoreceptor cell populations were 
analysed in the same eye in each species and specialised areas of increased 
density were found to lie in register. However, differential analyses of rod 
and cone densities revealed localized differences in distribution suggesting 
different parts of the visual field may be more important during diurnal 

(cone-dominated) and nocturnal (rod-dominated) vision. Two and three localized retinal regions mediate 
acute vision in the frontal and lateral parts of the visual field in O. ornatus and T. obesus, respectively, while 
an elongated region of increased cell density extends horizontally across the retinal meridian mediating acute 
vision across a much larger and panoramic part of the visual field in H. ocellatum and A. rostrata. The retina 
in C. carcharias is unique and possesses a single and localized area for mediating increased visual acuity.

Assessing the importance of coastal habitats for fisheries 
and biodiversity: a new approach taking into account 
‘habitat mosaics’

Loneragan, Neil1* & Skilleter, Greg2
1CSIRO Division of Marine Research, PO Box 120, Cleveland, Queensland, 4163. 2Marine 
and Estuarine Ecology Unit, School of Life Sciences, The University of Queensland, Brisbane, 

Queensland, 4072 (neil.loneragan@csiro.au) 

The effective management of estuarine and coastal fisheries resources through the use of Fish Habitat 
Areas and Reserves requires detailed information on the relationships between the habitats being protected 
and the fisheries dependent on them. Past research has focussed on the fauna found in single habitats 
and comparisons of abundance and species composition between single habitats. These studies have 
provided valuable insights into the role of coastal habitats for sustaining fisheries and biodiversity but 
have not considered the importance of adjacent habitats to the overall value of an area. For example, fish 
and mobile crustaceans and mollusks are only able to occupy mangrove forests for a restricted amount 
of any high tide period. The nature of the habitats lower down the shore may be crucial to the overall 
value of any patch of mangrove for supporting fisheries. An area of mangroves with adjacent seagrass 
may provide more protection from predation and a greater abundance of food during low tide than an 
area of mangroves with adjacent unvegetated sediment. We are taking a new approach to assessing the 
value of estuarine habitats for fisheries and biodiversity that considers the spatial arrangement or mosaic 
of different habitats within an area. The scale of the area for study needs to be defined by the life history 
and biology of the species of interest. In addition to estimating the abundance, biomass and community 
structure of epibenthic animals, growth rates and food webs will be studied in different habitat mosaics and 
the characteristics of the mosaics will be measured. This approach is being developed through studies in 
subtropical Moreton Bay and will be applied to both this system and Hervey Bay. It has the potential to be 
extended to allow much better criteria to be developed for the selection of marine reserves by managers.



108

Abstracts - AMSA2003

109

Abstracts - AMSA2003

Epiphytic bacterial succession on the 
marine red alga Delisea pulchra
Sharon Longford1,2, Staffan Kjelleberg2,3 and Peter 

Steinberg1,2 
1School of Biological, Earth & Environmental Sciences, 2Centre for 

Marine Biofouling and Bio-Innovation, 3School of Biotechnology and 
Biomolecular Sciences, The University of New South Wales, Sydney 
2052

General theories relating to community ecology and patterns of 
succession have rarely been applied to bacterial communities in nature, 
particularly in the marine environment. Studies investigating concepts 
such as facilitation, tolerance and inhibition driven community succession are lacking and consequently 
leave a substantial gap in our understanding of microbial community ecology. Community structure of 
epiphytic bacteria inhabiting the marine red alga Delisea pulchra was investigated, focusing on patterns of 
bacterial succession through time and along the algal thallus. Well-defined bacterial assemblages have been 
identified along the thallus of D. pulchra. D. pulchra is distinctive in that it produces biologically active 
secondary metabolites (furanones) known to interfere with a common bacterial signalling system. These 
compounds are believed to play a part in driving the community structure of epiphytic bacteria associated 
with the alga. Epiphytic bacterial communities on D. pulchra collected from the field were disrupted using 
antibiotics. The plants were returned to the field and sampled over 12 d. A DNA fingerprinting method, 
denaturing gradient gel electrophoresis (DGGE), was used to qualitatively describe bacterial communities 
on the plant surface. A dramatic shift in community structure occurred during the 12 d assay, resulting 
in a distinctive pattern of succession; after initial changes, communities eventually resembled the native 
bacterial community on D. pulchra. Such changes were not seen in bacterial communities inhabiting 
inanimate surfaces. Studies such as this, which document fundamental processes in microbial systems, 
demonstrate how concepts more familiar to eukaryote ecologists can be applied to bacterial communities.

Improving the health of South East Queensland 
waterways: Ecosystem health assessment and long-term 
trends in water quality
Longstaff, Ben1*, Steven, Andy1, Moss, Andrew1, Pantus, Francis2, Maxwell, 

Paul1, Hodge, Jonathan1, Wruck, Dan4, Udy, James3 & Udy, Nicola1

1Environmental Protection Agency, Brisbane, Queensland. 2CSIRO Division of Marine Research, 
Cleveland, Queensland. 3Centre for Marine Studies, The University of Queensland, St Lucia, 

Queensland. 4Queensland Health Scientific Service, Archerfield, Qld (Ben.Longstaff@epa.qld.gov
.au)

The South East Queensland Regional Water Quality Management Strategy (the Strategy) has been established 
to help improve the health of the regions waterways in response to increasing pressure due to population 
growth. The Strategy provides management directives, environmental objectives and the implementation 
framework required to achieve improved water quality. The Strategy identified that increasing nutrients 
and suspended solids loads are the greatest threat to the waterways. Management actions undertaken to 
reduced nutrient and suspended sediment loads include; sewage treatment plant upgrades/increase water 
recycling (leading to a 40% reduction in nitrogen loads in the past four years); protection and restoration 
of riparian areas (284km between 1999 and 2002) and installation of stormwater quality improvement 
devices (Over 300 SQIDS now installed in SEQ). The Ecosystem Health Monitoring Program (EHMP) was 
implemented in 1999 to assess the effectiveness of the management actions undertaken within the Strategy. 
This collaborative, multi-agency program uses a combination of water quality and biological indicators 
(seagrass depth range, the extent of sewage plumes, the occurrence of the toxic cyanobacterium) to detect 
improvements or deteriorations in the health of the waterways. While the EHMP provides a short-term 
(three year) spatially intensive assessment of ecological health, the Queensland Environmental Protection 
Agency has monitored water quality at a limited number of sites in SEQ since 1992. This ambient monitoring 
program provides the long-term data required to detect changes in naturally variable systems such as SEQ 
waterways. This presentation draws upon data from both the EHMP and Queensland EPA ambient water 
quality-monitoring program to illustrate the current understanding of the effectiveness of the SEQRWQMS.
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Microsatellites in the tropical abalone: 
tracking fertilization success and family 
lines in aquaculture

Lucas, Tim*, Selvamani, Maria John P. & Degnan, 
Bernard
Department of Zoology and Entomology, The University of Queensland, 

St. Lucia, Queensland, 4072 (tlucas@zen.uq.edu.au)

In aquaculture, microsatellite DNA markers are used to genotype 
parental broodstock, to assess fertilisation success, and to maintain 
pedigree information for selective breeding. We have identified 11 

microsatellite loci from the tropical abalone Haliotis asinina. Within the H. asinina population on 
Heron Island Reef we observed that there is an average of 17 alleles/microsatellite locus. The allelic 
variation in these microsatellites is sufficient to genotype progeny produced from a larger number of 
broodstock, with only five loci needed to successfully assign 90% of the progeny to their parents in a 
population of 250 possible parents. In small-scale crosses, parents could be determined from as few 
as three loci. This analysis can be performed on microscopic biopsies or individual larvae; at least 10 
loci being analysed from a single veliger larva. Microsatellite analyses of mixed parent fertilizations 
revealed that a single male fathered most of the veligers, despite efforts to normalize the amount of 
sperm contributed by competing males. These observations suggest that highly controlled breeding 
practices are required to ensure that the genetic diversity of an abalone population produced for 
aquaculture is maintained at the level of diversity of the original broodstock. We have established 90 
family lines using these controlled breeding practices and are rearing these lines in a common aquaculture 
environment. The H. asinina microsatellites are now being used to determine parentage of the combined 
progeny in order to obtain heritability estimates for growth and gene expression profiles in aquaculture.

Copper sensitivity in three isolated populations of Zostera 
capricorni

Macinnis-Ng, Cate* & Ralph, Peter
Institute for Water and Environmental Resource Management, Department of Environmental 
Sciences, University of Technology, Sydney, Westbourne Street, Gore Hill, New South Wales, 2065 

(Cate.Macinnis@uts.edu.au)

We have previously demonstrated in situ photosynthetic stress in healthy seagrasses due to pollution 
exposure. Yet terrestrial plant ecophysiology studies show that metal-exposure can cause some populations 
of plants to become less sensitive to subsequent metal toxicity. In the present study, samples from three 
isolated populations of Zostera capricorni around Sydney were exposed to copper using specially designed 
portable in situ experimental (PIE) chambers. Sensitivity to metal exposure was measured with chlorophyll 
a fluorescence and chlorophyll pigment concentrations. Samples from Pittwater (the least populated 
estuary) were more sensitive to copper exposure (1mg L-1) than the populations in Sydney Harbour 
and Botany Bay. Over a four-day recovery period, all samples remained in good condition apart from 
those exposed to copper in Pittwater, according to the effective quantum yield results. Determinations 
of leaf metal contents gave some insight into the tolerance mechanisms of the less sensitive populations.
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Light acclimation of laboratory-cultured 
phytoplankton measured with Phyto-
PAM

Macinnis-Ng, Cate1*, Jameson, Ian2, Blackburn, 
Susan2 & Ralph, Peter1

1Institute for Water and Environmental Resource Management, 
Department of Environmental Sciences, University of Technology, 
Sydney, Westbourne Street, Gore Hill, New South Wales, 2065. 
2CSIRO Microalgae Research Centre, GPO Box 1538 Hobart, 

Tasmaniam, 7001 (Cate.Macinnis@uts.edu.au)

The Phyto-PAM fluorometer can determine the composition of mixed phytoplankton communities 
in natural waters. It uses four wavelengths of light excitation to detect the fluorescence arising from 
different chlorophyll and accessory pigments. With the correct reference spectra, the Phyto-PAM can 
differentiate dominant types of microalgae (green, brown and blue-green) in an unknown water sample. 
Phyto-PAM also has the ability to run rapid light curves (RLC) to demonstrate the light acclimation and 
physiological condition of a given sample. We used RLCs to assess the condition of 25 different species 
cultured at CSIRO Marine Laboratories in Hobart. We will discuss the condition of these species with 
respect to light concentration and age of the culture. Growth irradiance (30, 80 and 400µmol photons m-
2 s-1) was shown to strongly influence the shape of the RLC, specifically the quantum efficiency under 
limiting light (α), minimum saturating irradiance (Ek) and maximum electron transport rate (ETRmax).

Sea Surface Temperature Atlas of the Great Barrier Reef: A 
tool to map Coral Bleaching

Mahoney, Mike*, Steinberg, Craig & Skirving, William
Australian Institute of Marine Science, PMB No. 3, Townsville, Queensland, 4810 

(m.mahoney@aims.gov.au) 

The Australian Institute of Marine Science (AIMS) Remote Sensing facility provides techniques for 
processing satellite, airborne and in situ radiometer and radar observations. The seminar describes the 
capabilities of the unit. It provides reception, processing and interpretation through collaborations both 
internally and with other agencies. The Cooperative Research Centre (CRC) for Reef Research combined 
with AIMS to create a project designed to develop a sea surface temperature (SST) atlas of the Great 
Barrier Reef (GBR). The Atlas is based on the National Oceanic and Atmospheric Administration (NOAA) 
Advanced Very High Resolution Radiometer (AVHRR) satellite data archive held at AIMS. This is a timely 
product since SST holds a key to improve our understanding of the oceanography and ecology of the GBR. 
The atlas consists of images showing the temperature of the ocean surface averaged over fortnightly or 
monthly periods from January 1990 to December 2000. There is also an image for each month, which is 
the average over the eleven year period for that month which allows a climatology of the GBR SST to be 
built up. The Atlas covers an area from 7 to 28 degrees South of latitude and 142 to 158 degrees East in 
longitude and has a spatial resolution of approximately 1km. Elevated SST is the primary stress for corals 
that lead to bleaching as occurred over significant areas of the GBR during 1998 and 2002. Timely data 
provision is allowing managers and researches to quickly discern which are the most likely areas affected.
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Effects of temperature on feeding and 
growth parameters of two Australian 
perch species, Bidyanus bidyanus and 
Scortum barcoo

Malme, Michelle*

Centre for Marine Studies, The University of Queensland, St Lucia, 

Queensland, 4072 (michmalme@hotmail.com)

The effects of temperature on the feeding and growth parameters of silver 
perch Bidyanus bidyanus and jade perch Scortum barcoo fingerlings 

were investigated to estimate optimal temperatures for growth and feed 
conversion in both species. Silver and jade perch fingerlings (mean initial weights of 1.21±0.34g and 
1.57±0.04g, respectively) were raised for 51 days at 22°C, 26°C, and 30°C in static tanks. They were fed 
Orca 1mm pellet (46% protein) and then Ridleys’ native starter 2mm pellet (52% protein). Temperature 
significantly affected the growth of both the silver and jade perch fingerlings, with highest absolute 
growth at 30°C for both species (p values<0.01). Jade perch showed significantly faster growth than 
the silver perch fingerlings at all temperatures (p<0.01). Overall SGRs for the silver perch and jade 
perch fingerlings at 22°C, 26°C, and 30°C were 2.12%/day, 2.96%/day, 3.08%/day and 4.14%/day, 
5.46%/day, 5.43%/day, respectively. The overall FCRs for the silver perch and jade perch fingerlings at 
22°C, 26°C, and 30°C were 1.20, 1.09, 1.20 and 0.78, 0.84, 0.93, respectively. Jade perch mean FCRs 
were significantly lower than the silver perch mean FCRs at all temperatures (p<0.01). Temperature 
had no effect on crude fat accumulation in either species (p>0.05). The mean percentages of crude fat 
found in silver perch and jade perch fingerlings were 31.02–32.93% and 31.19-35.64%, respectively. 
Because the highest growth rates for both species were achieved at 30°C, the optimal temperatures for 
growth of fingerlings of both species are estimated to be above 30°C for this phase of development. The 
excellent FCRs and growth of the jade perch using high protein feeds encourages research into jade perch 
protein requirements, as less expensive lower-protein feeds may still allow for good feed conversion. 
These results suggest that jade perch has excellent potential for aquaculture in tropical Australia.

Coral Cores Reveal Increasing Sewage and Fertilizer 
Influences since 1970 in Bali, Indonesia

Marion, Guy S1*, Dunbar, Robert B2, Mucciarone, David A2

1Department of Biological Sciences, Stanford University, Stanford CA 94305
2Department of Geological and Environmental Sciences, Stanford University, Stanford CA 94305, USA
*Email: g.marion@marine.uq.edu.au

Eutrophication studies and nutrient analyses in the Great Barrier Reef, Indonesia, and other locations have 
employed a range of techniques to identify nutrient point sources, including assessment of δ15N in coral 
tissue samples, stomapods, macrophytes, seagrass, and other bioindicators. Such methods identify nitrogen 
sources but cannot serve as long-term proxies for water quality. This study introduces a new method to 
historically trace coral skeletal nitrogen deposition and δ15N, through Porites sp. cores collected from 
Bali, Indonesia. Two cores reflect exposure to high levels of nitrogenous fertilizers (220 kg/ha) since the 
early 1970s; a third is from inner reefs impacted by extensive hotel development, and a control core is 
neither affected by fertilizer nor sewage influence. δ18O, δ13C, luminescent and annual density bands were 
calibrated to local SST and precipitation data to develop accurate δ15N age models. Logarithmic regressions 
of δ15N by year in both agriculturally-exposed corals exhibit significant long-term declining δ15N trends 
from initially enriched values in 1970 and 1993 to isotopically light values by 2001. Alternatively, the 
sewage-exposed core exhibits a permanently enriched δ15N signal, while the control core maintains values 
reflective of background oceanic nitrogen. No correlation exists between skeletal nitrogen concentration and 
δ15N, lending support against skeletal diagenesis or selective nitrogen fractionation post-calcification. We 
suggest that coral skeletal δ15N can serve as a historical proxy for water quality by identifying nitrogen point 
sources, and in Bali reveals that fertilizer and sewage-rich river discharge is evident in near-shore corals.
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Improving the accuracy of aerial 
surveys for dugongs: implications for 
conservation

Marsh, Helene1*, Pollock, Kenneth H.2 , Lawler, Ivan1 
& Alldredge, Matthew2
1School of Tropical Environment Studies and Geography, James 
Cook University, and CRC Reef Research Centre, Townsville, 
Queensland, 4811. 2Departments of Statistics and Biomathematics, 
and Zoology, North Carolina State University, Raleigh, NC 27695-

8203, USA (Helene.Marsh@jcu.edu.au) 

The probability of detecting an animal during a survey consists of three components: the probability of 
sampling a particular area (plot or transect); the probability of an animal being available for detection 
(availability); and the probability of an animal being detected conditional on its being available for detection 
(perception). Modelling the availability process requires information additional to that obtained in the 
survey. We carried out experiments to determine zones of detectability for dugongs over a range of depths, 
turbidities and sea states using dugong models and deployed timed depth recorders on 15 wild dugongs to 
obtain dive profiles. This enabled the calculation of the probability of a dugong being available in different 
strata based on depth, turbidity, and sea state. To model the perception process we used of a tandem team 
of two observers on either side of the aircraft. This permitted the fitting of generalized Lincoln-Petersen 
models with Program MARK. These models allow for detection probability conditional on availability to 
potentially vary by aircraft seat (mid or rear), side (port or starboard), and location of the survey as well as 
by individual survey covariates such as size of dugong group, sea state, glare, distance class etc. AIC was 
used to pick the simplest model that explains the data adequately. We then used the generalized Horvitz-
Thompson estimator based on the overall detection probability of each individual group and a new simulation 
based method of estimating standard errors to generate population estimates. The methodology was used to 
estimate the absolute abundance of dugongs on the basis of aerial surveys in the Torres Strait and Northern 
Great Barrier Reef regions. The results of the surveys were then used with the Potential Biological Removal 
Method to estimate a sustainable harvest for dugongs in the Indigenous dugong fisheries in these regions.

Sources of variation in the dispersal potential of non-
feeding larvae: the desperate larvae hypothesis and larval 
size

Marshall, Dustin* & Keough, Mick
Zoology Department, The University of Melbourne, Victoria, 3010 (d.marshall@zoology.unimelb.
edu.au

For many species of marine invertebrates, variability in larval settlement behaviour appears to be the rule 
rather than the exception. This variability has the potential to affect larval dispersal because settlement 
behaviour will influence the length of time larvae are in the plankton. Despite the ubiquity and importance 
of this variability, relatively few sources of variation in larval settlement behaviour have been identified. One 
important factor that can affect larval settlement behaviour is the nutritional state of larvae. Non-feeding larvae 
often become less discriminating in their ‘choice’ of settlement substrate, i.e. more desperate to settle, when 
energetic reserves run low. We tested whether variation in larval size (and presumably nutritional reserves) 
affects the settlement behaviour of three species of colonial marine invertebrate larvae, the bryozoans 
Bugula neritina and Watersipora subtorquata and the ascidian Diplosoma listerianum. For all three species, 
larger larvae delayed settlement for longer in the absence of settlement cues, and the settlement of Bugula 
neritina larvae was accelerated by the presence of settlement cues, independently of larval size. In the field, 
larger W. subtorquata larvae also took longer to settle than smaller larvae and were more discriminating 
towards settlement surfaces. These differences in settlement time are likely to result in differences in the 
distance that larvae disperse in the field. We suggest that species that produce non-feeding larvae can 
affect the dispersal potential of their offspring by manipulating larval size and thus larval desperation.
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Cannibalism in juvenile sand crabs: 
Effects of body size, moult stage and 
refuge availability 

Sharon Marshall1*, Kevin Warburton1, Brian Paterson2 
and David Mann2  
1Department of Zoology and Entomology, University of Queensland, St. 
Lucia Qld 4072, Australia
2Bribie Island Aquaculture Research Centre, PO Box 2066 Woorim Qld 
4507, Australia E-mail:sm_marshall@yahoo.com.au

Factors influencing the rate of cannibalism in juvenile sand crabs Portunus 
pelagicus were investigated under controlled conditions using time-lapse video recordings.  This study 
was undertaken to improve sand crab culture and experimentally addressed (1) prey vulnerability (2) 
cannibal-victim interactions, and (3) activity patterns of juveniles in varying degrees of refuge.  Crabs used 
in the study were aged 15 weeks and sorted into two size classes, small (* 60mm carapace width), and 
large (* 65mm CW), of a similar sex ratio.  Vulnerability, and thus survival was influenced by body size 
variation, moult stage and refuge availability.  Crabs with carapace width * 60mm were more vulnerable 
than larger individuals, as indicated by significant differences in survival rates.  As predicted, juveniles in 
transition stages associated with ecdysis were especially vulnerable.  Premoult (redliner) mortality was 
found to be particularly high (33.8%), which may be explained as a consequence of group related stress 
(eg. crowding), causing an increase in aggressiveness prior to moulting and leaving the crab physically 
exhausted and incapable of the physiological process of moulting.  Increases in refuge density increased 
survival of juveniles proportionally, suggesting that the quantity of shelter is important for reducing 
cannibalism in this species.  Cannibal-victim interactions were frequently asymmetrical in terms of size 
and moult stage.  Cannibals were significantly heavier than victims, and were predominantly at intermoult 
stage.  Sexual biases among cannibals and victims were not found in this study.  Activity patterns of 
juveniles were influenced by the experimental conditions.  Crabs provided with high refuge showed 
reduced aggressive activity and increased time spent resting, but unchanged locomotion or feeding activity.  
It was concluded that cannibalism is driven by intraspecific aggressive behaviour, the levels of which 
are determined by environmental conditions such as refuge availability.  Regular grading, as well as the 
presence of suitable shelter for newly moulted crabs is recommended for improving culture of Portunus 
pelagicus, along with further research into synchronous moulting and developing the optimum sex-ratio. 

Smooth Operators in Rough Neighbourhoods

Claire-Louise Martin
University of Plymouth, Drake Circus, Plymouth, Devon, PL4 8AA England.

 National Marine Science Centre, Bay Drive, Coffs Harbour, NSW, 2450, Australia
 Email: cmartin@nmsc.edu.au

Littoral gastropods have diverse shell morphologies. Some species have smooth shells whilst others 
have moderate to elaborate sculpting. Smooth and nodulose (rough) species from the genus Nodilittorina 
were mapped to establish whether different shell morphologies occupy different vertical and horizontal 
ranges. The study was conducted on a small off-shore island in Grenada, Caribbean, which was divided 
into three sites according to the degree of exposure; A) being sheltered through to C) being exposed. 
Gastropods were mapped using belt transects at all three sites. At all sites nodilittorinids with both shell 
morphologies differed in density. There was a higher overall abundance of nodilittorinids at the sheltered 
shore (A). Decreased wave energy at sheltered shores makes for preferred conditions as it lowers the risk of 
organisms being removed from the substrate. The majority of nodilittorinids with rough shells dominated 
the high shore and those with smooth shells dominated lower down the shore. Shells with nodules are 
thicker and less prone to absorbing heat; heat that is absorbed is radiated away from the body at a faster 
rate, due to the increase in surface area resulting from the nodules, thus enabling them to occur higher 
up the shore. Smooth shells are more streamlined and, therefore, are able to occur lower down the shore 
as they are unlikely to be removed by waves. Even though smooth shells are thinner and more prone to 
desiccation they are present on the high shore despite the problem of being exposed for long periods of time.
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The role of protected species in bycatch 
management: pipehorses (Solegnathus 
spp.) in south-eastern Australia

Martin-Smith, Keith1* & Bowles, Daniel2
1School of Zoology, University of Tasmania, Private Bag 05, Hobart, 
Tasmania, 7001. 2School of Environmental and Life Sciences, 
University of Newcastle, University Drive, Callaghan, New South 

Wales, 2038 (Keith.MartinSmith@utas.edu.au) 

Interaction of protected species with fishing gear is one of the factors 
considered in ecological risk assessments of Australian fisheries. 
Pipehorses (Solegnathus spp.) are large, poorly-known members of the family Syngnathidae that are 
fully protected in Commonwealth waters. They are caught as incidental bycatch in various fisheries and 
some species are very valuable in traditional Chinese medicine. However, there is very little information 
available on their distribution or biology. We conducted landings surveys in NSW and Victoria to produce 
first estimates of species composition, catch rates and habitat preferences. Three species were caught, 
although the Hardwick’s and Duncker’s pipehorses were restricted to northern NSW. All species were 
caught in low numbers and were associated with benthic structure such as sponges and gorgonians. They 
were also reported more commonly from hard substrates and near reefs. The most common species, the 
spiny pipehorse, was caught in depths of 5-220m. We compare landings data with customs data from 
Australia and Hong Kong, one of the major trading nations. We demonstrate how such studies on ‘flagship’ 
species can be used to deal with wider questions of bycatch management in complicated fisheries.

Vision in the green turtle, Chelonia mydas

Mäthger, L.M.*, Litherland, L. & Fritsches, K.A.

Vision, Touch and Hearing Research Centre, The University of Queensland, St Lucia, Queensland, 

4072 (l.mathger@uq.edu.au)

Many sea turtles, such as the green turtle, Chelonia mydas, are listed as endangered species. In light of the 
fact that man-made impacts have resulted in the dwindling of sea turtle populations, ensuring turtle survival 
has become a topic of increasing interest. Green turtles are highly visual animals but little is known about 
their visual capabilities. In our research we use anatomical and electrophysiological techniques to study 
their vision, in an attempt to understand how these endangered animals perceive their environment. The 
eyes of green turtles were collected from animals that had to be euthanased owing to disease or injury. 
Eyes were dissected and the retinae were isolated. Retinal tissue was prepared for both light microscopy 
studies and Transmission Electron Microscopy (TEM). We also recorded the electroretinogram (ERG) 
from a freshly isolated retina, using trains of light flashes with different amplitudes and frequencies as 
stimuli. Here we present a detailed description of the numbers and types of photoreceptors and the colour, 
distribution and size of oil droplets throughout the retina. We show that there are different colour classes 
of oil droplets (red, yellow, clear, colourless) that have a distinct size and distribution in different areas of 
the retina. The TEM study reveals that there are differences in the length of the inner and outer segments of 
photoreceptors in different parts of the retina, which has an impact on the visual sensitivity in the different 
areas of the turtle retina. Using ERG recordings we show that turtles have a maximal flicker fusion 
frequency of more than 60Hz. We also report diurnal changes in photoreceptor response. These results 
reveal variations of visual capabilities within the retina, support other findings implying a basis for colour 
vision in C. mydas and suggest that this species has a well developed ability for detecting fast motion.
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Arm autotomy and nerve cord 
regeneration in Coscinasterias muricata
Mazzone, Franca* and Byrne, Maria
Department of Anatomy and Histology, University of Sydney, Australia

The multi-armed seastar Coscinasterias muricata readily autotomises and 
regenerated its arms.  Autotomy always occurred at the base of the arm 
between the 5th and 6th ambulacral plates, indicating the presence of a 
specialised autotomy plane.  After autotomy the wound was completely 
sealed off within 3 days by a thin layer of connective tissue with 

coelomocytes playing an active role in repair and regrowth.  The neuropeptide GNSALMFamide (S1) 
was used as a marker to follow reorganisation of the nervous system during regeneration.  After a period 
of reorganisation and growth, the ectoneural portion of the nerve cord was well differentiated 8 days after 
autotomy.  The hyponeural system was not differentiated until day 14.  Regeneration of the nerve cord appears 
to involve cell migration (morphallaxis) and mitotic proliferation (epimorphosis).  Although the nerve cord 
was well developed within two weeks of autotomy, it took approximately one month for the eye spot to appear.

Saltmarsh supplies live food for estuarine fish: A case 
study of Towra Point, Sydney, Australia
Mazumder, Debashish1*, Saintilan, Neil1 & Williams, Robert J.2

1CENTRE FOR ENVIRONMENTAL RESTORATION AND STEWARDSHIP, AUSTRALIAN CATHOLIC UNIVERSITY, MACKILLOP CAMPUS, NORTH 
SYDNEY, PO BOX 968, NORTH SYDNEY, NEW SOUTH WALES, 2059. 2NEW SOUTH WALES FISHERIES OFFICE OF CONSERVATION, 202 
NICHOLSON PDE, CRONULLA, NEW SOUTH WALES, 2230 (d.mazumder@mackillop.acu.edu.au)

Juvenile fish of commercially and ecologically important species were found in saltmarsh in relatively high 
concentration during high tide and many of these species were found to consume crab larvae. The highest density 
of zooplankton in a transect through estuarine nearshore habitats (open water, seagrass, mangrove and saltmarsh) 
during a high tide event was found in the saltmarsh environment. Zooplankton densities in the saltmarsh were 
dominated by crab larvae, which were found in successively lower concentrations through the mangrove, seagrass 
and open water. The results suggest that the type of saltmarsh found along the temperate coast of southeast 
Australia plays an important role in providing nutrition for small and juvenile fish during spring tidal cycles. 

Improving the selectivity of prawn-catching gears used in 
NSW estuaries
William G. Macbeth
School of Environmental Science and Natural Resources Management, University of New England, 

Armidale, NSW, 2351, Australia
NSW Fisheries, Conservation Technology Unit, National Marine Science Centre, Bay Drive, Coffs 
Harbour, NSW, 2450, Australia. E-mail: wmacbeth@nmsc.edu.au

The capture of unwanted organisms (termed ‘bycatch’) in the various estuarine penaeid prawn fisheries 
in New South Wales, Australia has been an issue of increasing concern during the past 15 years. During 
the 1990s, NSW Fisheries researchers collaborated with the estuary prawn trawl fishers to design and 
develop gear modifications (bycatch reduction devices – BRDs) that successfully excluded most of the 
large, unwanted organisms from their catches. Current research is addressing the issue of reducing the 
bycatch of organisms smaller than the targeted prawns – including juvenile conspecifics of the targeted 
species – while maintaining the targeted catches for each of the methods used to commercially catch 
prawns (prawn trawl, seine, stow net and trap net). For those methods that use a codend (all except trap 
nets and some seines), codends made from square-shaped mesh (i.e. hung on the bar) are being designed, 
constructed and trialled against conventionally-used diamond-mesh codends using appropriately designed 
factorial experiments. Results from experiments done in a trawl fishery and a stow-net fishery to quantify 
and compare the selectivities of the respective conventional diamond-mesh codends and various square-mesh 
designs demonstrate the effectiveness of square mesh as a bycatch reduction tool and provide directions 
for research into future modifications to improve the selectivity of prawn nets used in NSW estuaries.
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Evolution and population structure of 
the dugong

McDonald, Brenda* 
Schools of Tropical Biology, and Tropical Environmental Studies and 
Geography, James Cook University, Townsville, Queensland, 4811 

(Brenda.McDonald@jcu.edu.au) 

The dugong is classified as vulnerable to extinction by the IUCN, and 
as such, it is important to have an understanding of the population 
structure and variability of the population to aid in the management 
and conservation of these animals. Australia has the largest remaining 
population of dugongs, which have decline drastically throughout the rest of their range. Collection 
of genetic samples involved the distribution of genetic sampling kits to a number of wildlife rangers, 
dugong researchers and indigenous communities around Australia who may come in contact with hunted 
and/or stranded dugongs. Samples were also obtained from number of areas outside Australia, which 
provided a vital comparison. A variety of molecular markers were used in order to obtain a comprehensive 
overview of the genetic variation and the evolution of the dugong populations around Australia. The 
mitochondrial control region was used to identify the amount of variation between dugongs and their 
closest relatives (the paenungulates), as well as identifying distinct maternal lineages within the Australian 
dugongs. Microsatellites were then used to identify individuals, estimate relatedness of herds and 
indicate the amount of male mediated gene flow between populations. The results obtained allow for the 
identification of large areas important for the sustainability of the dugong population in Australian waters.

Genetic construction and patterning of abalone shells

McDougall, Carmel*, Jackson, Daniel & Degnan, Bernard
School of Life Sciences, The University of Queensland, St Lucia, Queensland, 4072 (cmcdougall@
zen.uq.edu.au)

The abalone shell is a precise arrangement of tabular calcium carbonate crystals and extracellular matrix 
proteins. This arrangement confers amazing strength to the shell, which is as yet unparalleled by advanced 
engineering. In order to understand the biophysics of this system, proteins involved in biomineralisation 
have been identified and studied. Specifically, two genes that encode potential matrix proteins are 
expressed at the margin of the mantle. Structure and expression data suggests that these putative shell-
matrix proteins are involved in the production of the robust and highly-patterned juvenile/adult shell 
but not the larval shell. In addition to being of a robust construction, molluscan shells are often highly 
patterned with colour and ornate features. Controlling these patterns will be a developmental genetic 
regulatory program, possibly similar to that observed in other biological patterning systems. Here, we 
investigate the genetic network underlying the structural and morphological patterning of the abalone 
shell. RT-PCR, in situ hybridisation and quantitative PCR are used to explore the spatial relationships 
between developmental gene expression patterns and shell morphology and pigmentation. Integration 
of developmental gene expression studies with the analysis of genes encoding structural shell-matrix 
proteins allows for a more complete understanding of genetic control of biomineralisation in molluscs.
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The specialised life history of the 
Australian sea lion, Neophoca cinerea: 
Implications for population monitoring, 
species management and conservation
McIntosh, Rebecca* & Goldsworthy, Simon
Sea Mammal Ecology Group, Zoology Department, La Trobe University, 

Victoria, 3086 (r.mcintosh@zoo.latrobe.edu.au)

The Australian sea lion (Neophoca cinerea) is endemic to Australia and has 
an estimated population of just 11,500 individuals, spread over 60 small 

breeding colonies. Australian sea lion populations are not increasing, in contrast with nearby increasing fur 
seal populations, which are also recovering from past exploitation. In addition, Australian sea lions have not 
recolonised a significant portion of their former range – Bass Strait. This species’ unique life history, notably 
its high site-fidelity and low reproductive rate, are most likely responsible for the delayed recovery. It is the 
only seal species that does not breed annually, instead, breeding every 17.6 months. In addition, pup mortality 
rates are very high, up to 30% at Seal Bay, Kangaroo Island, largely due to aggressive conspecifics. The 
sea lion population at Seal Bay is currently considered stable at around 700 individuals, making it the third 
largest population. This is based on pup counts and monthly colony counts rather than demographic data. The 
first mark-recapture pup estimates of this population, conducted in June 2003, show that pup production has 
been underestimated in previous pup counts, and highlight potential modifications for population monitoring 
at Seal Bay. Low reproductive rates make Australian sea lions very susceptible to changes in demographic 
parameters, such as reduced survival or reproductive success, increasing the risk of extinction. In order to 
sustain sea lion populations, in which females have low reproductive rates and pups suffer high mortality rates, 
we expect high juvenile and adult survival rates and increased longevity of adults. Information on longevity, 
age-specific fecundity, pup mortality and survival rates are enabling population demographic models to be 
developed. These models are applicable to sea lion colonies across southern Australia and will enable wildlife 
managers to predict population trends and quantify risks of extinction for each of the small breeding colonies.

The use of serum progesterone concentrations in the 
estimation of pregnancy rates in adult female New 
Zealand fur seals (Arctocephalus forsteri) and the effect of 
maternal condition on estimated pregnancy
McKenzie, Jane1*, Parry, Laura2 & Goldsworthy, Simon1

1Sea Mammal Ecology Group, Zoology Department, La Trobe University, Bundoora, Victoria, 3086. 

2Department of Zoology, University of Melbourne, Victoria, 3052. (j.mckenzie@zoo.latrobe.edu.au)

Serum progesterone levels were measured in 158 adult female New Zealand fur seals (Arctocephalus forsteri), 
over the early to mid active gestation period. The use of a commercially available radioimmunoassay kit for 
progesterone (Spectria, Orion Diagnostica, Finland) was validated, with optimum specificity and sensitivity 
occurring after an initial extraction step. Serum progesterone levels where relatively low (8.86 ± 0.96ng/ml) 
during the implantation/post-implantation period, but increased significantly (P=0.001, n=83) towards the 
end of the first trimester (14.87 ± 0.92ng/ml). Based on mean pupping dates for the population studied, this 
increase in progesterone level occurred around the end of June/early July. Pregnancy rates were estimated 
for females sampled after the end of June, based on the minimum progesterone value (6ng/ml) observed 
in females that successfully pupped. Estimated pregnancy rates varied significantly (P=0.002) between 
the three years of sampling. Pregnancy rates were lowest in 2000 (68.6%), increasing to 86.9% in 2001 
and 96.2% in 2002. Observed birth rates also varied significantly between the three years (P=0.002) in a 
similar manner. The proportion of estimated pregnant females that successfully carried their foetus to term 
was significantly different between years (at P=0.053), suggesting that in addition to failure to conceive, 
or loss of the conceptus at implantation, failure to carry pregnancies to full term is also a significant factor 
in determining birth rates. Maternal body condition (BCI), mass and length did not appear to effect the 
probability of pregnancy, however there was a significant year effect, suggesting that condition at earlier 
stages and/or previous reproductive history may effect pregnancy success. BCI, mass and length at the time 
of sampling did however affect the probability of a pregnant female successfully carrying a foetus to term.
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Modelling southern elephant seal 
populations: a comparison of 
populations with varying rates of change 
and observations of a population on a 
demographic knife-edge
McMahon, Clive R.1,2*, Hindell, Mark A.3, Burton, Harry 

R.1 & Bester, Marthán N.2

1Australian Antarctic Division, Channel Highway, Kingston, 
Tasmania 7050. 2Mammal Research Institute, Department of 
Zoology and Entomology, University of Pretoria, Pretoria, Gauteng, 
Republic of South Africa. 3Antarctic Wildlife Research Unit, School of Zoology, University of 

Tasmania, Private Bag 05, Hobart, Tasmania, 7001 (Clive.McMahon@aad.gov.au)

The dynamics of animal populations are determined by several key demographic parameters, which vary 
over time with resultant changes in the status of the population. When managing declining populations the 
identification of the parameters that drive such change are a high priority, but are rarely achieved for large 
and long-lived species. Southern elephant seal populations in the South Indian and South Pacific oceans 
have decreased by as much as 50% during the past 50 years. The reasons for these decreases remained 
unknown. This study used a projected stochastic Leslie-matrix model based on long-term demographic 
data to examine the potential role of several life history parameters in contributing to the declines. The 
models accurately simulated the observed population trends that were independently derived from annual 
abundance surveys. Small changes in survival and fecundity had dramatic effects on population growth 
rates. At Macquarie Island for example, a small change (circa 5%) in survival and fecundity rates resulted 
in the population reverting from a decreasing one to one that increased. The vital rates that had the greatest 
impact (elasticity) on fitness (population growth) were, in order of importance: (1) juvenile survival, (2) 
adult survival, (3) adult fecundity and (4) juvenile fecundity. Population viability analysis (PVA) for each 
of the two decreasing populations revealed that there was a high probability of the Marion Island population 
becoming extinct within the next 150 years while the probability of extinction at Macquarie Island was 
low. The estimated mean times to extinction for each population was 134 years (95% CL 105-332 years) 
at Marion island and 564 years at Macquarie Island (the earliest time to extinction was 307 years).

Herbicide contamination and seagrass health: a case study 
in southern Queensland
McMahon, Kathryn1*, Bengston-Nash, Susan2, Mueller, Jochen2 & Duke, 

Norm1

1Marine Botany Group, Centre for Marine Studies, 2National Research Centre for Environmental 

Toxicology, The University of Queensland, St Lucia, Queensland, 4072 (k.mcmahon1@uq.edu.au)

The occurrence and potential effects of herbicides on seagrass health was investigated in the Hervey 
Bay region, southern Queensland. Water and sediment samples for herbicide content were collected 
from intertidal seagrass meadows and the adjacent tributaries on two occasions, during a potentially 
low (dry season) and potentially high (wet season) herbicide application period. A suite of parameters 
to assess seagrass health were also measured. Herbicides were detected in fresh, estuarine and marine 
waters and sediments at low concentrations (below detection – 160ng L-1). There was a decrease of 
approximately one order of magnitude in herbicide concentration from fresh water to marine sites. 
Herbicide concentrations in water samples decreased by half between the potentially high (wet season) 
and potentially low herbicide (dry season) application periods. During a river flow event after heavy rain, 
a maximum of 4,300ng L-1 of herbicide was detected. The most common herbicide detected from a suite of 
eight was diuron, potentially the most toxic. There were no detectable effects on seagrass health from the 
presence of low concentrations of herbicides (<50ng L-1). The concentrations found in the field are below 
the level shown to inhibit seagrass in laboratory experiments. However, there may be impacts from long 
term exposure to low concentrations of herbicides and potentially lethal exposure during flood events.
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Interactions between Lyngbya 
majuscula and green turtles (Chelonia 
mydas) in Moreton Bay, Australia

Shantala McMaster*1, Janet Lanyon1, Judy O’Neil2 and 
Colin Limpus3

1 Department of Zoology and Entomology, University of Queensland, 
Brisbane
2 Centre for Marine Studies, University of Queensland, Brisbane/Centre 
for Environmental Science, University of Maryland, Cambridge, USA
3 Queensland Parks and Wildlife Service, Brisbane

Email: s.mcmaster@zen.uq.edu.au

Lyngbya majuscula, a toxic marine cyanobacterium, grows epiphytically on seagrasses and forms extensive 
blooms. In Moreton Bay, Queensland, these blooms appear to be increasing in frequency and magnitude. 
Since the seagrass beds in Moreton Bay are an important food source for the green turtle (Chelonia mydas), the 
presence of toxic L. majuscula may affect these herbivores. L. majuscula contains more than 70 biologically 
active compounds, many of which are toxic. These include tumour promoters and immunosuppressants. 
This study investigated whether captive C. mydas would exercise choice if given the option of diets with 
and without L. majuscula. Feeding trials were performed with six captive juvenile green turtles (42.0-47.5 
cm curved carapace length) in March-April 2002. The effect of toxin (lyngbyatoxin a) on the amount of 
L. majuscula ingested was examined. Potential ingestion rates of L. majuscula by wild green turtles in 
Moreton Bay were also estimated by carrying out simulated green turtle grazing. The captive turtles did not 
significantly avoid the seagrass with L. majuscula attached. All turtles in all of the trials ate a measurable 
amount of L. majuscula (range 0.01-0.22 g wet weight/h/kg turtle). The toxin content of the L. majuscula 
did not significantly affect the amount of L. majuscula ingested by the turtles. If wild green turtles show 
the same indiscriminate feeding and deliberate ingestion of L. majuscula, potentially considerable amounts 
of L. majuscula and associated toxins consumed may pose a serious threat to green turtle populations.

Short and Long Term Migratory Behaviour of Whale Sharks 
at Ningaloo Reef WA

Mark Meekan1* 

1. Australian Institute of Marine Science, PO Box 40197 Casuarina Darwin NT 0811

Whale sharks (Rhincodon typus) occur at Ningaloo Reef each year from March to June. Our research used 
a variety of acoustic, archival and satellite tags on sharks to follow their movement and diving patterns near 
the reef on temporal scales from days to months. We found that sharks focused activities near ridgelines 
on the front of the reef that had large aggregations of baitfishes and krill. Long term tracking (months) of 
sharks showed that some individuals migrate towards Indonesia once they have departed from Ningaloo.   

Morphology and RNA:DNA ratios in temperate marine 
fish (Argyrosomus japonicus) larvae, as tools to test the 
ecological significance of condition indices

Miah, Md Abdul Halim1*, Fielder, Stewart2 & Suthers, Iain1

1School of Biological, Earth and Environmental Sciences, University of New South Wales, Sydney, 

New South Wales, 2052. 2NSW Fisheries, Port Stephens Aquaculture Facility (mam@unsw.edu.au)

To test the ecological significance of larval condition we measured the changes in morphology and RNA:
DNA ratio – an index of protein synthesis - after 1, 2, 3 and 4 days starvation. Mulloway (Argyrosomus 
japonicus) larvae 15-20d old were acclimated in four 100 litre tanks for one day prior to start. After one 
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day food was not given to two tanks and the rest two tanks were supplied 
food for four days. Five larvae were captured from each fed and starved 
tank on day 0, 1, 2, 3, and 4. Any dead larvae found in the tank were 
removed and total number was recorded. RNA:DNA ratio, body area 
index (AREAINDEX) and anal body depth index (ABDINDEX) dices 
were measured to compare the condition of fed and starved larvae. 
RNA:DNA ratio, AREAINDEX and ABDINDEX were significantly 
higher in fed larvae than starved larvae after two days starvation. RNA:
DNA ratio significantly decreased from starvation day 1&2 (ratio of 
4.7 & 4.3) to day 3&4 (ratio of 3.7 & 2.4) and from starvation day 
3 (ratio 3.7) to day 4 (ratio 2.4). Almost similar result was found for 
AREAINDEX and ABDINDEX. Starvation induced %mortality (31%) was higher in day 4 compared 
with day 3 (5.7%), day 2 (2%) and day 1 (>1%), whereas 0 mortality was found for fed larvae. The 
implications for determining if low condition larvae have reduced survival from a predator are discussed.

What constitutes a “healthy” estuary?

Julie Mondon1, John Sherwood1 
1School of Ecology and Environment, Deakin University, Warrnambool 3280. E-mail: 

jmondon@deakin.edu.au
The concept of a healthy ecosystem is widely accepted as a desirable outcome of environmental 
management by our society. Ecologists have attempted to develop both theoretical models for such systems 
(eg. Fairweather, 1999), as well as practical tools which would indicate that a particular ecosystem was 
“healthy” (eg. AusRivAS or ESTPACS use of benthic macroinvertebrate community structure). Surveys 
of estuarine benthic macroinvertebrate communities as potential indicators of estuarine health have 
concluded that an approach based on these communities is unlikely to provide a simplistic indicator 
(Moverley & Hirst, 1999) but may be more related to the physical characteristics of an estuary ((eg. Edgar 
et al.,1999). As part of a regional survey of Western Victoria’s estuaries we have investigated utility of a 
range of physico-chemical and biological parameters to rank the health of these systems. Key parameters 
we have used are catchment land use, estuary entrance type, nutrient status, dissolved oxygen status, 
benthic macroinvertebrate richness and granulometry of bottom sediments. We have also experimented 
with a composite measure incorporating three of these parameters to produce a “naturalness index” 
as a surrogate for estuary health. This information is needed by both coastal and catchment managers 
charged with allocating scarce resources under Victoria’s River Health Strategy. A key component of 
our approach has been to classify the estuaries based on their physical characteristics and, following 
Edgar et al. (1999), to identify the “healthiest” estuaries in each group as priorities for management.

Phenotypic plasticity of the red macroalga, Asparagopsis 
armata, in response to light 

Monro, Keyne* and Poore, Alistair G.B. 
School of Biological, Earth and Environmental Sciences, University of New South Wales, Kensington, 

Sydney 2052

Phenotypic plasticity is the ability of an organism to produce different phenotypes in different environments. 
Most habitats vary in space and time, so the optimal phenotype of an individual is also changeable. Those 
capable of adjusting their phenotype in response to external change should be favoured by natural selection, 
suggesting that plasticity increases the fitness of genotypes expressing it. However, empirical studies 
that consider the evolutionary consequences of plasticity have been largely restricted to invertebrates 
and terrestrial plants. We are exploring these aspects of phenotypic plasticity in the marine macroalga, 
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Asparagopsis armata. Macroalgae are modular organisms that grow by 
repeating basic, multicellular units of construction. Most can reproduce 
asexually through meristematic growth, spore formation or fragmentation. 
These and other aspects of macroalgal reproduction and development 
provide great potential for expression of plasticity in ecologically relevant 
traits relating to morphology, physiology and life history. We will present 
data that addresses the potential for phenotypic plasticity in A. armata by 
manipulating important environmental parameters (light and light spectral 
quality) and measuring phenotypic responses of clones maintained in 
culture. We tested whether traits relating to modular architecture show 
plasticity in response to environmental variation, and whether plasticity has 

the potential to vary among genotypes within a population. Our results will subsequently allow key questions 
in the study of phenotypic plasticity to be addressed. For example, is plasticity in macroalgae adaptive, 
and is its evolution potentially constrained by costs and limits associated with the expression of this trait? 

Uptake dynamics and sensitivity of oysters to detect 
sewage-derived nitrogen

Moore, Kate*, Schlacher, Thomas & Meyers, Donald
Faculty of Science, University of the Sunshine Coast, Maroochydore DC, Queensland, 4575 

(kmoore2@usc.edu.au)

Stable isotope analysis of animal tissues is increasingly used to trace wastewater. Because the technique 
relies on organisms incorporating the 15N-enriched wastewater signal, rates of nitrogen uptake and its 
metabolic turnover need to be known. Also, routine applications would ask: “At which sensitivity do 
the animals’ tissues actually measure ambient wastewater signals”? Oysters are nearly ubiquitous bio-
indicators, but, surprisingly, neither rates nor sensitivity are known for nitrogen. Thus, we had two goals: 
(1) to determine rates of N-uptake and turnover, and (2) to test whether oysters could consistently detect 
small differences in wastewater signals (sensitivity). We conducted a field transplant experiment in which 
Sydney rock oysters (Saccostrea commercialis) were deployed in four estuaries of S.E. Queensland. 
The volume of treated effluent discharged to these estuaries differed considerably. The experiment 
was run for three months, with oysters being sampled weekly and their nitrogen stable isotope ratios 
(δ15N) determined. At sites receiving substantial effluent inputs (Maroochy Estuary), δ15N uptake was 
relatively fast in whole oyster samples (t1/2: 7-13d) but slower in gill tissue (t1/2: 24-25d). The turnover 
of nitrogen in muscle tissue was longer than the experiment (i.e. >3 months). Based on these half-
lives, about 90% of the original nitrogen pool in whole oysters is replaced within six weeks and within 
about 11 weeks in gills. Importantly, turnover rates were not measurably effected by the environmental 
conditions encountered during the experiment. Oyster δ15N-values are also highly sensitive indicators 
of sewage signals between estuaries, irrespective of tissue type. Spatial contrasts are consistent over time 
and are largely independent of oyster size or condition (e.g. spawning). Our quantification of uptake 
rates strengthens the applicability of oysters in monitoring, by establishing a link between a measured 
δ15N value in a consumer and the time period over which it represents pollution history. Also, the high 
sensitivity at which oysters detect sewage-derived nitrogen argues for their routine use in monitoring.

The interaction between nutrients and hydrography in the 
development of estuarine phytoplankton blooms following 
rain events

Moore, Stephanie*

School of Biological, Earth and Environmental Sciences, Biological Sciences Building, University of 

New South Wales, 2052, New South Wales (stephanie.moore@student.unsw.edu.au)
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The development of phytoplankton blooms in the Wallamba River, NSW, 
was assessed immediately following rain events for up to 16 days at 
five sites approximately 4km apart. Increased river flow resulting from 
these rain events decreased flushing times to <1d at some sites, rapidly 
flushing phytoplankton from the estuary. Despite Dissolved Inorganic 
Nitrogen (DIN) concentrations up to 1200µg.L-1, phytoplankton blooms 
did not occur until at least 9 days after the rain event. This coincided with 
an increase in flushing time to approximately 30–40d as the flood flows 
diminished. I propose a model to explain the development of estuarine 
phytoplankton blooms following rain events using DIN, hydrographical 
parameters and an interaction between these two factors for the Wallamba 
River. The predictive ability of the model is tested using independent data from the Manning River, NSW.

Beasts from the Deep

Mosbauer, Alicja & Nelson, Vicki*

National Oceans Office, Hobart, Tasmania, 7001 (vicki.nelson@oceans.gov.au)

This poster contains images of marine species collected during the NORFANZ research cruise which 
took place during 10 May - 8 June 2003. NORFANZ was a joint Australia-New Zealand research voyage 
carrying leading Australian, New Zealand and international scientists to explore deep sea habitats and 
biodiversity in the Tasman Sea. The NORFANZ cruise explored deep sea habitats around seamounts 
and abyssal plains around Lord Howe and Norfolk Islands through to northern New Zealand finding 
over 500 fish species and 1,300 invertebrate species during four week cruise. The catch included 
many creatures new to science. The cruise was jointly sponsored by the National Oceans Office and 
the New Zealand Ministry of Fisheries and results will provide the first systematic survey data on an 
internationally significant bioregion suspected of being biogeographically unique and of high endemism.

Temperature, development and biogeography of Haliotis 
asinina

Moss, Helen* & Degnan, Bernard
Department of Zoology & Entomology, The University of Queensland, St Lucia, 4072 

(hmoss@zen.uq.edu.au)

Temperature has a profound impact on gene expression during development, and ultimately adult 
phenotype. Previous studies on Drosophila melanogaster have established that elevation of culturing 
temperatures during early development increases phenotypic diversity of populations, thus when selection 
is strong, novel phenotypes can evolve rapidly. This is due to the deployment of Hsp90 from a chaperoning 
role interacting with a suite of developmental regulators to that of a stress protein. Haliotis asinina is an 
ideal model organism to study this interplay between environment, gene expression and evolution. Its vast 
Indo Pacific distribution consists of genetically distinct populations. Within this range, ocean temperatures 
differ markedly. We are determining whether genetic differences have been enhanced by temperature 
mediated phenotypic expansion. Heron Island Reef hosts one of the most southern populations of H. 
asinina, where larval development normally occurs between 25°C and 27°C. We have cultured the larvae 
of H. asinina from Heron Island reef at elevated temperatures: 29°C, 30°C, and 31°C, which represent 
normal temperatures experienced by more northern populations in The Philippines and Thailand. Larvae 
reared at 30 and 31°C have very low survival rates. At 29°C there is higher survival but a high percentage 
of abnormal larval phenotypes are present. We analysed these abnormal phenotypes using a range of 
immunocytochemical, cytological and morphological markers and found that not all tissues are equally 
affected by high temperatures. Importantly, these abnormalities are correlated with a change in the spatial 
expression pattern of Hsp90, suggesting that this factor is involved in the generation of these phenotypes.
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Denitrification in the sediments of Lake 
Wollumboola, a hydrogen sulphide-
rich, saline coastal lagoon, southeast 
Australia

Murray, Emma1*, Heggie, David1 & Skyring, Graham2

1Geoscience Australia, GPO Box 378, Canberra, ACT, 2601. 
2Skyring Environment Enterprises, Canberra, ACT, 2601. 

(emma.murray@ga.gov.au)

Lake Wollumboola is an intermittently open/closed lake/lagoon (ICOLL) 
on the southeast coast of Australia. Hydrogen sulfide (H2S) periodically 

effluxes from the lake1. We measured nutrient and metabolite fluxes in Lake Wollumboola in November 
2002 at two sites in the central basin using 29cm diameter benthic chambers placed on the lakebed at 
water depths of approximately 2m. In addition, we measured bottom water and porewater H2S from 
cores collected at the benthic chamber sites. The molar ratio of CO2 fluxes to SiO4 fluxes indicated a 
diatomaceous organic matter source at the time of the survey (CO2:SiO4 flux ratio is close to C:Si = 106:
17 or 6.2)2. In most of the experiments, the sum of nitrogen (N) fluxes (NH3, N2, NOx) accounted for 
100% of N predicted from CO2 and SiO4 fluxes and the degradation of diatomaceous organic matter. 
Denitrification, measured as N2 production, accounted for 25 to 71% of the N flux at Site 1 and 66 
to 87% at Site 2. H2S concentrations up to 58µM were measured in bottom waters. Porewater H2S 
concentrations at Site 1 were 647µM and 6361µM in surface and deeper (24cm) sediments respectively. 
H2S concentrations in porewaters at Site 2 were lower; 70µM at the surface and 1282µM at 24cm depth. We 
attribute the higher denitrification efficiencies at Site 2 to lower levels of H2S interference of the bacterial 
nitrifying/denitrifying processes3 in the sediments. Conversely, the lower denitrification efficiencies in the 
sediments at Site 1, we attribute to higher levels of H2S interference. The high denitrification efficiencies 
we observed in Lake Wollumboola are unusual in respect of the high ambient H2S concentrations. One 
explanation is patchiness in the sediment, where denitrification is occurring in H2S-free patches or some 
other physicochemical constraint on H2S toxicity to the nitrifying bacteria. An important outcome of our 
study is that one cannot assume that high levels of H2S will completely preclude denitrification occurring 
in an estuary. [1Haines, P., Skyring, G., Stephens, K. & Papworth, W., 2001. Report to Shoalhaven City 
Council, Managing Lake Wollumboola’s Odour Problem. WBM Oceanics, Australia. 2Brzezinski, M.M. 
(1985). The Si:C:N ratio of marine diatoms: interspecific variability and the effect of some environmental 
variables. Journal of Phycology 21: 347-357. 3Joye, S.B. & Holibaugh, J.T. (1995). Influence of 
Sulfide Inhibition of Nitrification on Nitrogen Regeneration in Sediments. Science 270: 623-625.]

Tidewater inundation of the turtle nesting areas on Raine 
Island and Moulter Cay, northern Great Barrier Reef
Neil, David*

School of Geography, Planning and Architecture, The University of Queensland, St Lucia, 

Queensland, 4072 (d.neil@uq.edu.au)

Raine Island is a 30ha coral cay located on a detached reef c. 220km east-southeast of Cape York. The 
island has considerable geomorphic, biological and cultural significance. Its biological significance arises 
from its status as one the most important seabird nesting sites in the Great Barrier Reef region and the 
largest green turtle nesting site in the world. Adjacent Moulter Cay is both the nearest alternative turtle 
nesting site and an important turtle nesting site in its own right. Both islands have similar morphologies, 
consisting of a central elevated plateau defined by a low scarp, which is largely unsuitable and unavailable 
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for turtle nesting, surrounded by a low lying swale in the lee of the 
active beach berm. The berm and the swale are the turtle nesting areas 
on these islands. These nesting areas are subjected to inundation by 
wave swash, freshwater runoff and tidewater, with implications for 
turtle egg viability. The geomorphic characteristics of the nesting 
area are described. A simple empirical model of tidewater inundation 
of the nesting area is presented. These results are interpreted in the 
context of present and future turtle nesting at these important sites.

Function of mouthparts in feeding 
behavior of phyllosoma larvae of the packhorse lobster, 
Jasus verreauxi
Nelson, Matthew M.1*, Cox, Serena L.2 & Ritz, David A.1

1Department of Zoology, University of Tasmania, GPO Box 252-05, Hobart, Tasmania, 7001. 
2Institute of Aquatic and Atmospheric Sciences, School of Biological Sciences, Private Bag 92019, 

University of Auckland, Auckland, New Zealand (mmnelson@utas.edu.au)

Precisely what rock lobster larvae do while spending up to a year in the plankton is unknown. Speculations 
about phyllosoma feeding capabilities have been largely based on examination of the morphology of 
exanimate animals, however, behavioral conclusions must be made with caution when based solely 
on morphological observations. This study represents the first documentation of the processing ability 
or food handling and ingestion in live phyllosomata. Stage IV phyllosoma larvae of the rock lobster, 
Jasus verreauxi, were observed while feeding to determine the processing ability and involvement of 
mouthparts. Phyllosomata were presented live brine shrimp, mussel flesh and jellyfish; and were given 
chemical or tactile stimulation to induce a feeding response. Larvae were observed tearing their food 
with maxillipeds 2 and 3, before maceration by maxillipeds 2 and maxillae 1, mastication between 
mandibles and labrum, and subsequent ingestion of finer particles via a suction action induced by 
foregut contractions. Phyllosomata became entangled and did not feed when provided soft tissue, such 
as jellyfish and mussel gonad. Maxilliped action increased when larvae were provided with harder prey, 
which indicated greater energetic investment required to process the food. Our observations suggest 
that phyllosomata are capable of processing fleshier prey items than brine shrimp, which is traditionally 
used as food in artificial culture. This study may contribute to the clarification of their capabilities to 
feed both on natural diets and on feed presented in culture situations and is a valuable preliminary step 
for developing a more appropriate selection of diets and diet characteristics for use in larval culture.

Science for managing Australia’s oceans: current priorities 
and future directions
Nelson, Vicki*

National Oceans Office, GPO Box 2139, Hobart, Tasmania, 7001 (Vicki.Nelson@oceans.gov.au)

The purpose of this talk is to outline the National Oceans Office’s science priorities and to update current 
projects. The science work program covers five theme areas: (1) Building on the existing knowledge base; 
(2) Broad scale mapping of Australia’s Marine Jurisdiction; (3) Performance evaluation, monitoring and 
assessment; (4) Information management; and (5) International cooperation. Under these theme areas there 
are five broad areas of work: bioregionalisation; socioeconomic work; risk and performance assessment and 
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management; mapping; and data management. The bioregionalisation work 
program covers six data collation projects and two projects to integrate the 
datasets into maps representing best available knowledge of ecosystem 
structure and function in Australia’s oceans. The socioeconomic work 
program aims to develop tools and data for input into decision-making. 
The risk assessment and management work program aims to develop tools 
for spatially-referenced risk assessment and management that can identify 
and prioritise areas of high risk of cumulative and interactive impacts. 
Work on performance assessment will focus on applying a framework 
already developed during the development of the South-east Regional 
Marine Plan. Mapping work includes development of an atlas of uses of 

the marine environment, including both fisheries and non-fisheries uses, and swath-mapping of unexplored 
areas of the seafloor. The Office aims to establish free and open access to all data collected through projects 
funded by the Office. Our website hosts a metadata site, Neptune, where products from our contracted 
projects are downloadable. The grand vision is to develop distributed databases with a web interface 
through which researchers, the public and industry stakeholders can access data collected as fundamental 
marine datasets. Priorities for the National Oceans Office over the next year are to re-evaluate the science 
program and to establish mechanisms for closer collaboration with researchers and research organisations.

The vital Planktonic-Benthic Link in Estuaries – as 
demonstrated by zooplankton ecology
Newton, Gina1* and Mitchell, Brad2

1. Dept. Communication IT & the Arts, GPO Box 2154 Canberra ACT 2601; 2. Aquatic Science and 
Natural Resources Management, Deakin University, PO Box 428, Warrnambool VIC 3280. 
Email: Gina.newton@dcita.gov.au

Traditionally, studies of estuarine ecosystems have treated the planktonic (or pelagic) and benthic habitats as 
separate ecological units. However, research on the physico-chemistry and zooplankton ecology of the Hopkins 
River Estuary and other evidence from the literature suggests that such a division may be artificial. Separating 
the study of these habitats may hinder our understanding of estuarine functioning. This talk proposes that 
planktonic and benthic habitats are two inextricably linked components of the life-cycle of many estuarine 
organisms and that the integration of both habitats into the life-cycle enhances ecological flexibility and 
survival. The Hopkins research provided important findings regarding the estuarine Copepoda and ecological 
links between the open-water habitat and other habitats within the estuary. Adaptive life-cycle strategies 
to cope with environmental stresses involved the use of all habitat types (ie. planktonic, littoral-phytal and 
benthic). Environmental stresses included annual scouring floods, and the net seaward flow regime typical 
of estuaries; these stresses result in potential population loss to the adjacent marine environment. Estuarine 
Calanoid copepods were found to use each habitat as a refuge to effect both population retention and position 
maintenance. Meiobenthic harpacticoids were also found to have strong links to the planktonic habitat, thereby 
blurring the distinction between obligate and facultative zooplankton. It is recommended that future studies of 
estuarine ecological processes integrate the planktonic, benthic and littoral-phytal habitat components. It may 
also be timely to revisit some of the terminology used in zooplankton ecology, as traditional terms used for 
marine zooplankton may not be as pertinent in the estuarine context. A conceptual evolutionary sequence model 
of life-cycle strategies is proposed - from the marine to freshwater environments, which would confer enhanced 
survival in extreme estuarine environments. Testing the model requires comparative research of estuaries 
under differing hydrological regimes, and may yield important ecological and evolutionary information.

HARC – a comprehensive, multi-scale, collaborative study 
of migrating humpback whales off the Australian east 
coast

Noad, Michael J.1*, Cato, Douglas H.1,2, Stokes, M. Dale3 & Smith, Joshua1

1School of Life Sciences, The University of Queensland, St Lucia, Queensland, 4072. 2Defence 
Science and Technology Organisation, PO Box 44, Pyrmont, New South Wales, 2009. 3Scripps 
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Institute of Oceanography, MPL, 8820 Shellback Way, La Jolla, CA 

92037-0238, USA (mnoad@zen.uq.edu.au)

Light travels poorly in the underwater environment while sound, 
particularly at lower frequencies (<10kHz), can travel great distances. 
Baleen whales in particular have exploited this, producing high intensity, 
low frequency sounds for communication. Humpback whales are the most 
vocal of the baleen whales, producing long, complex songs comprised 
of many different sound types. While the structure of these songs is 
well understood, little is known about their biological function or how 
these highly vocal whales perceive and use acoustic information in 
their environment generally. The Humpback whale Acoustic Research 
Collaboration, or HARC, is a large project that will attempt a rigorous study of the effects of ambient 
noise (including conspecific vocalisations) on the behaviour of humpback whales, in the presence and 
absence of anthropogenic sound sources, off the east coast of Australia. HARC includes participants from 
Scripps Institution of Oceanography, the Defence Science and Technology Organisation, the University 
of Queensland, and Woods Hole Oceanographic Institution. A suite of techniques will be used to examine 
the whales as they migrate through a study area that will be accurately characterised physically and 
acoustically. These include large-scale acoustic and visual tracking, boat- and land-based behavioural 
observations, photo-identification, genetic analysis, playback studies, and acoustic telemetry tagging.

Causes of sulfur isotope variability in the seagrass, Zostera 
capricorni
Oakes, Joanne* & Connolly, Rod

School of Environmental and Applied Sciences, Griffith University, Gold Coast, Queensland, 9726 

(j.oakes@griffith.edu.au) 

The usefulness of sulfur as an additional element in stable isotope studies of marine food webs can 
be compromised by variability in the sulfur isotope signatures (δ34S) of primary producers. We found 
considerable variability of δ34S values in seagrass, Zostera capricorni, in a survey in Moreton Bay, 
southeast Queensland, with more depleted δ34S values where sulfide concentration was greatest. δ34S was 
also correlated with both sediment organic matter (OM) content and height of seagrass on the tidal gradient. 
However, these relationships were opposite to those expected based on work elsewhere, with depleted δ34S 
values higher on the shore where OM content was lower. Any influence of OM content on δ34S values would 
have been confounded by the relationship between height on shore and OM content itself and so these 
effects were separated by creating the following treatments at one height on the shore: (1) OM added, (2) 
procedural control, and (3) untouched control. δ34S values of seagrass in OM added plots were significantly 
depleted relative to procedural and untouched controls eight weeks after the manipulation, demonstrating 
that OM alone has the expected effect on δ34S values of seagrass. Thus, a further factor, probably related to 
height on shore, was influential in determining seagrass δ34S values in the field survey. Seagrass roots are able 
to exude excess oxygen produced during photosynthesis, reoxidising sulfides in surrounding porewater. We 
demonstrated that the above and below-ground biomass of seagrass was higher low on the shore, and contend 
that higher seagrass productivity low on the shore results in greater reoxidation of sulfides and leads to more 
enriched δ34S values. The understanding provided by this study of mechanisms underlying variability in the 
δ34S of rooted estuarine producers allows more efficient designs in future isotope studies of marine food webs.

Tidal controls on turbidity in a diurnal, partially mixed 
estuary

O’Callaghan, Joanne M.1*, Pattiaratchi, Charitha B.1 & Hamilton, David P.2

1Centre for Water Research, University of Western Australia, Crawley, Western Australia, 6009. 

2Department of Biological Sciences, University of Waikato, Hamilton, New Zealand (ocallagh@cwr
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.uwa.edu.au) 

In estuaries, the first harmonic of the dominant astronomical constituent 
plays an important role on net currents and sediment transport in 
many systems globally. In diurnal regimes the dominant constituents 
are the O1 and K1 with a period of 25.82 and 23.93, respectively. 
Thus, the first harmonics of these constituents would have a period 
near 12 hours. However, as the M2 and S2 constituents have a similar 
period, any contribution by the diurnal harmonics are overridden 
by the magnitude of the semi-diurnal astronomical constituents. 
The interaction of the tide and its first harmonics produces a double 
high water. For semi-diurnal systems these features are produced by 

shallow water distortion; however in diurnal systems are controlled by astronomical forcing. This paper 
presents field measurements completed in the upper Swan River estuary, and will discuss the behaviour 
of diurnal tides. Water elevation, current and turbidity data show that tidal dynamics, especially the 
double high water feature, are the controlling mechanism for elevated turbidity in the upper estuary.

A major alteration of a habitat: the removal of mangroves 
at Stockton and its effects on associated organisms.

O’Neill, K1, M.J. Schreider1, G. MacFarlane2, M. Greenwood2.
1 School of Applied Sciences, Ourimbah Campus, Univerisity of Newcastle, PO Box127 Ourimbah, NSW 

2250
2 School of Environmental and Life Sciences, Callaghan Campus, University of Newcastle, 
Callaghan, NSW 2308

A large stand of mangroves at Stockton (near Newcastle, New South Wales) was removed in September 
2002 to provide a stretch of open habitat for wading birds. To test whether such removal would lead 
to significant changes in small-scale habitat structure and abundances of associated benthic organisms 
we sampled a disturbed location (where mangroves were removed) and two locations with undisturbed 
mangroves before and after the removal. We predicted that abundances of various components of 
habitat structure (numbers of pneumatophores, amount of leaf litter and seagrass wrack, etc.) and 
organisms (bivalves, gastropods, crustaceans and other invertebrates) at the disturbed location would 
become significantly different from those in the undisturbed locations after the removal of mangroves. 
No consistent changes in any of the variables were observed one month after the removal of mangroves. 
A small decline in the cover of leaf litter and numbers of pneumotophores at the disturbed location was 
observed five months after sampling. Last sampling event is planned for September 2003 to test whether 
any significant changes to the elements of habitat structure and abundances of associated organisms could 
be detected after a year since the major change to the habitat.
The importance of using large unpreventable disturbances as scientific studies is discussed.

Entanglement of Australian sea lions and New Zealand 
fur seals in marine debris: comparison before and after 
implementation of fishery bycatch policies

Page, Brad1*, McKenzie, Jane1, McIntosh, Rebecca1, Baylis, Alastair1, 
Morrissey, Adam1, Calvert, Norna1, Haase, Tami1, Berris, Mel2, Dowie, Dave2, 
Shaughnessy, Peter D.3 & Goldsworthy, Simon D.1

 1Sea Mammal Ecology Group, Zoology Department, La Trobe University, Bundoora Campus, 
Victoria, 3086. 2Seal Bay Conservation Park, Department for Environment and Heritage, PO Box 
39, Kingscote, South Australia, 5223. 3CSIRO Sustainable Ecosystems, GPO Box 284, Canberra 
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ACT (B.Page@zoo.latrobe.edu.au)

In 1999 and 2000 the Australian Government developed new policies to 
reduce the mortality of non-target species interacting with commercial 
fisheries. We analysed Australian sea lion and New Zealand fur seal 
entanglement data collected before and after the introduction of these 
bycatch policies to determine their efficacy in reducing seal entanglement 
rates through improved waste disposal practices on fishing boats. 
Contrary to expectations, we found that entanglement rates increased 
for both species. The Australian sea lion entanglement rate (1.3% 
in 2002) and the New Zealand fur seal entanglement rate (0.9% in 
2002) are the third and fourth highest reported for any seal species. 
Entanglement-related mortality may be impeding the recovery of Australian sea lion populations from 
19th century sealing. Australian sea lions were most frequently entangled in monofilament gillnetting 
debris that most likely originated from the southern shark fishery, an important fishery in the region 
where sea lions forage – south and east of Kangaroo Island. In contrast, New Zealand fur seals were most 
commonly entangled in loops of packing tape and trawl net fragments. Based on recent entanglement 
studies, we estimate that 1,478 seals die from entanglement each year in Australia. Simple remedies 
such as education programs and government incentives to fishers could eliminate many entanglements.

Spatial distribution patterns of sympatric Irrawaddy and 
Indo-Pacific humpback dolphins in northeast Queensland, 
Australia

Parra, Guido J.1*, Schick, Robert2 & Corkeron, Peter J.3

1School of Tropical Environment Studies and Geography, James Cook University, Townsville, 
Queensland 4811. 2NOAA Fisheries, Santa Cruz Lab, 110 Shaffer Road, Santa Cruz, CA 95060. 

3Institute of Marine Research, Tromsø branch, Sykehusveien 23 N-9091 Tromsø, Norway (guido.pa
rravergara@jcu.edu.au)

Little is known on the ecology of sympatric dolphin species and the factors and mechanisms that influence 
their spatial distribution and mediate their coexistence. Throughout a substantial part of the range, of 
Irrawaddy dolphins (Orcaella brevirostris), in Australian coastal waters, Indo-Pacific humpback (Sousa 
chinensis) dolphins occur sympatrically. Previous research has suggested shallow inshore and estuarine 
waters as important habitats for both species, but comparative, quantitative studies on species-environment 
spatial relationships do not exist. Additionally, nothing is known of how or if these two species partition 
their habitat, as no studies have been carried out specifically to address this question in areas where both 
species co-occur. We used vessel-based line transect surveys to assess the spatial distribution of Irrawaddy 
and Indo-Pacific humpback dolphins in two selected areas of northeast Queensland, Australia. Using non-
parametric randomization techniques and a series of Mantel tests, we compared their spatial distribution 
relative to habitat variables. Our results demonstrate quantitatively that Irrawaddy and Indo-Pacific 
humpback dolphins’ spatial distribution within coastal areas is influenced by their proximity to the mainland 
coast or islands, proximity to river mouths, and water depth. In addition, both species displayed similar and 
overlapping spatial distributions. It was not possible to detect differences in the two species’ habitat use 
from this study. The preference of both species for coastal, estuarine waters has important implications 
for their conservation. In areas of high human density, coastal and estuarine waters are often the focus 
of human settlement. Even in areas of low human density in northern Australia, threatening activities 
(e.g. gillnetting) tend to be concentrated in estuaries and in inshore waters close to the coast. The spatial 
analysis provided here can facilitate the identification of potential areas of critical habitat for both species.
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Preliminary assessment of the current 
status of humpback whales in the 
Lomaiviti Island group of Fiji and a 
comparison with historical data

Paton, David* & Gibbs, Nadine
Southern Cross Centre for Whale Research, Southern Cross University, 

PO Box 157 Lismore, NSW Australia (d.paton@nbcnet.com.au)

Like many regions of the South Pacific, little is known about the current 
status of cetacean species in Fijian waters. The late Dr Dawbin coordinated 

cetacean surveys in the Lomaiviti Island group of Fiji in the late 1950’s. 
These surveys indicated that humpbacks were common around this Island group during the Austral winter 
and spring months. In August 2002, a preliminary assessment of the current status of humpback whales in 
this region was undertaken. The survey attempted to replicate the land-based survey methodology used by 
Dawbin to enable comparisons to be made between the two data sets. In the recent survey visual and acoustic 
monitoring techniques were used to determine the presence of humpback whales, and photo identification 
employed to individually identify whales. The results of the survey confirmed the presence of humpback 
whales in the waters of the Lomaiviti Island group, however, numbers were well below those recorded by 
Dawbin in the 1950’s. It is likely that Fijian waters are used for breeding and birthing by humpback whales 
as indicated by the presence of young calves and the recording of humpback whale song within Fijian waters.

Estimating size of harvested blue swimmer crabs 
(Portunus pelagicus) using digital image analysis.

Brian Paterson, Matteo Barchiesi, and Beverley Kelly
Bribie Island Aquaculture Research Centre, PO Box 2066, Bribie Island, Qld 4507. E-mail: brian.paters

on@dpi.qld.gov.au

When harvesting a pond of crabs, traditional methods of individual weighing and measuring are intrusive, 
labour-intensive and time-consuming when the main objective is efficient and timely handling of the 
product. Large-scale image analysis has been used successfully to achieve rapid, efficient measurement of 
large numbers of fish, abalone, and even prawns, but has apparently never been attempted with crabs, whose 
morphology is more complicated. To assess the suitability of image analysis to allow efficient measurement 
of large numbers of crabs, farmed juvenile blue swimmer crabs Portunus pelagicus of known weight (n=150, 
ranging from 2 to 60 g) were photographed using a simple light-box design and a 2 megapixel digital camera. 
The image files were analysed using public domain software (Scion Image for Windows) and the area of 
each crab was related to its recorded wet weight using regression techniques to prepare a calibration curve. 
A robust relationship was found between crab weight and area (r2=0.97.8). This indicated that random 
differences in the posture of the crabs and whether particular limbs were visible had little impact on the 
outcome. Image analysis appears to be an efficient convenient method of obtaining size frequency data in 
crab populations with minimal handling. The photographs also provide a permanent record that allows further 
information such as amount of injury and shell colour to be obtained. Image analysis may be particularly 
useful in collecting growth data from domestication/selection programs with crabs and other farmed species. 
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Multiple ecological roles of brominated 
secondary metabolites from the red alga 
Asparagopsis armata

Paul, Nick1*, de Nys, Rocky2 & Steinberg, Peter1

1School of Biological, Earth & Environmental Sciences, and, Centre 
for Marine Biofouling & Bio-Innovation, University of New South 
Wales, Sydney, New South Wales, 2052. 2School of Marine Science 
& Aquaculture, James Cook University, Townsville, Queensland, 

4811 (n.paul@student.unsw.edu.au)

Marine red algae are chemically rich producing secondary metabolites that 
deter herbivores, fouling organisms, and other natural enemies. We tested the role of secondary metabolites 
from the red alga Asparagopsis armata in both herbivore deterrence and microbial colonisation. A. armata 
has specialised cellular structures where secondary metabolites, including bromoform and dibromoacetic 
acid, are stored and released to the plant surface. These brominated metabolites were quantified in the 
plant by gas chromatography-mass spectrometry. The role of these chemicals in plant defence was tested 
using a novel technique by removing bromide ions from growth media. This produced plants that contain 
brominated metabolites (Br(+) plants) and those that do not (Br(-) plants). This allowed us to test whole 
plant palatability of A. armata against a range of herbivores and also examine whether these metabolites are 
involved in the regulation of bacterial biofilms at the plant surface. In feeding experiments with the common 
amphipod, Hyale sp., Br(-) plants were consumed at a significantly higher rate than plants with brominated 
metabolites (Br(+) plants). Furthermore, bacterial counts on Br(+) plants were significantly lower than 
on Br(-) plants. These results demonstrate that A. armata produces brominated secondary metabolites 
that are active in both herbivore deterrence and the regulation of the abundance of microorganisms.

Morphology of Pit Organs (Free Neuromasts) in Sharks and 
Rays, and Functional Implications

M. B. Peach
Department of Environmental Sciences, University of Technology, Sydney, Broadway, 
NSW, 2007
E-mail: Meredith.Peach@uts.edu.au
The pit organs of sharks and rays (elasmobranchs) are sensory organs scattered over the skin surface. These 
pit organs were recently shown to be neuromasts, the organs of the lateral line sensory system which detect 
water motion. It is unclear, however, whether elasmobranch pit organs generally have similar structural/
functional characteristics to the neuromasts of other vertebrates. In the present study, the structure of pit 
organs was investigated by scanning electron microscopy in selected elasmobranchs. The species studied 
were Port Jackson shark (Heterodontus portusjacksoni), epaulette shark (Hemiscyllium ocellatum), white-
tip reef shark (Triaenodon obesus), shovelnose ray (Rhinobatos typus), fiddler ray (Trygonorrhina sp. A), 
and cowtail ray (Pastinachus sephen). In each species, pit organs contained typical lateral line hair cells, 
with sensory hairs (stereovilli) of different lengths arranged in an “organ-pipe” configuration. Hair cells 
were interspersed with supporting cells with unusually tall apical microvilli. The presence of a cupula in 
elasmobranch pit organs was previously uncertain, but an intact cupula was observed for the first time in 
this study (in H. ocellatum). Pit organs were either covered by overlapping placoid scales (H. Ocellatum, 
T. obesus, Trygonorrhina sp. A), located in open grooves bordered by scales (H. Portusjacksoni, R. 
typus) or in grooves without associated scales (P. sephen). The potential functional implications of these 
morphological features, including modification of water flow and filtering properties, are discussed.
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Integrated Airborne Laser Scanning and 
Geographical Information Systems for 
coastal systems analysis, visualisation 
and monitoring

Pettitt, Hannah & Neil, David
School of Geography, Planning and Architecture, The University of  

Queensland, St Lucia, Queensland, 4072 (s328648@uq.edu.au)

An innovative approach to coastal systems analysis and monitoring is 
presented. Airborne laser scanning (ALS) data provides information on 

terrain characteristics derived from the intensity and elapsed time of laser 
pulses reflected from the land surface. Integration with a geographical information system (GIS) facilitates 
high-resolution terrain mapping. Intensity data provides information analogous to panchromatic aerial 
photographs; pulse elapsed time provides topographic data; spatial and temporal differentials between first 
and last laser pulse reflections provide information on vegetation cover and height. Integrated ALS-GIS 
analysis was applied to a complex coastal landscape (beach, beach ridge, spit, dune, mangrove, salt marsh, 
tidal channel) in the Burdekin Delta – Upstart Bay region of northeast Queensland. The results provide a basis 
for identification, analysis and mapping of coastal geomorphic features and vegetation characteristics of the 
Burdekin study area. This approach has wider application for mapping coastal features, three-dimensional 
visualisation of coastal landscapes and high-resolution monitoring of coastal change, particularly in remote areas.

Variability of suspended particulate matter in Adelaide 
metropolitan waters -a SeaWiFS perspective.

Peter, Petrusevics
School of Chemistry, Physics and Earth Sciences, Flinders , University of South Australia, Bedford Park, 

5042. E-mail:p.pet@bigpond.com

Spatial and temporal variability of suspended particulate matter (SPM) with implications 
for water quality in Adelaide metropolitan waters was examined using high resolution 
(1 km) SeaWiFS satellite data. The waters of the study region are relatively shallow (10-20 metres), are exposed 
to winds capable of generating sea-bed ‘feeling’ waves and are subject to numerous land based discharges. Coastal 
stations are typical of Class 2 waters, with variable phytoplankton, gelbstoff and sediment concentrations. Tidal 
currents are parallel to the coastline ensuring that land based discharges are confined to the nearshore region. 
Mean monthly SPM concentrations between January 2000 and September 2001 at four coastal stations 
located offshore from Barker Inlet (BI), Barcoo (BA), Pt Noarlunga (PN), Sellicks Beach (SB) and a 
deep-water reference station in mid Gulf St Vincent (GSV) were analysed. Mean SPM concentrations 
(μg/litre) were as follows GSV=0.8, BI=8.1, PN=1.4, SB=2.1. A periodicity of 5-6 months occurred at 
all stations with lags of between 2-4 months between the GSV and coastal stations. Maximum values 
in SPM concentration occurred in late autumn at the GSV station and late winter and early spring at the 
coastal stations. Linear regression results (N=19, 0.05, [2]) between GSV and PN station were significant 
but not between GSV station and other coastal stations. Application of SeaWiFS data has proved to 
be a cost-effective tool in analysis of SPM of the study region. Analysis of SPM trends will be further 
conducted through use of an extended SeaWiFS data set (1997-2003), increased number of coastal 
stations at which observations will be made and field surveys to ground-truth the SeaWiFS satellite signal. 
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The impact of sea lice on salmonid 
aquaculture

Alan Pike
Department of Zoology School of Biological Sciences University of 

Aberdeen Tillydrone Avenue Aberdeen AB24 2TZ Scotland UK

Sea lice significantly impact on the salmonid aquaculture industry 
in both the northern and, in the case of Chile, in the southern 
hemisphere. They establish as farm pest species very quickly after 
farms are set up and few sites escape their effects. Before treatments 
were effective, sea lice could cause severe damage to infected fish 
with consequent heavy loss of stock. As control methodologies have improved, with the availability 
of new medicines, so levels of lice have declined but problems have not. The ever present threat of 
resistance is a problem as is the limited progress towards the development of a vaccine. Moreover, 
the anti-farming lobby and environmental pressure groups have thrust the industry into the media and 
forced it to spend time and money defending the quality of its product. This paper will address the way 
in which the industry has developed and expanded whilst attempting to manage sea lice infections.

Contrasting contributions to inorganic nutrient cycling by 
two co-occurring species of rhizostome jellyfish
Pitt, Kylie1*, Koop, Klaus2 & Rissik, David3

1School of Environmental and Applied Sciences, Griffith University, PMB 50, Gold Coast Mail 
Centre 9726, Queensland. 2Environment Protection Authority NSW, PO Box A290, Sydney South, 
New South Wales, 1292. 3Estuaries, Ecosystems Branch, Natural Resources Products Division, 
Department of Infrastructure, Planning and Natural Resources, GPO Box 39, Sydney, New South 

Wales, 2001. (K.Pitt@griffith.edu.au)

Catostylus mosaicus and Phyllorhiza punctata are often abundant in estuaries in NSW. Both species contain 
symbiotic zooxanthellae but concentrations appear to be much greater in P. punctata. Our experiment 
examined the rates at which NH3, PO4 and NOX were taken up or excreted by each species and in two 
controls: a ‘water only’ control and a ‘mucous’ control. Rates of uptake or excretion were measured as 
changes in the nutrient concentration of the water in the containers housing the animals over a period of 
six hours. Experiments were repeated twice during the day and twice at night and were conducted under 
both ambient and enriched nutrient conditions. Phyllorhiza punctata did not experience a net gain or loss 
of NH3 or PO4, with nutrient concentrations remaining similar to both controls. In contrast, C. mosaicus 
excreted NH3 at a rate of 987µg kg-1 hr-1 (wet weight) under ambient nutrient conditions and 1095µg kg-1 

hr-1 under enriched nutrient conditions and excreted PO4 at a rate of 112µg kg-1 hr-1. Both C. mosaicus 
and P. punctata excreted NOX at rates of 9.66 and 18.37µg kg-1 hr-1 respectively. Water surrounding P. 
punctata had a much greater concentration of dissolved oxygen at the end of the experiments conducted 
during the day (152% saturation) compared to those conducted at night (60% saturation) but water 
surrounding C. mosaicus had a dissolved oxygen concentration of approximately 42% saturation during 
both the day and night. Overall, C. mosaicus appears to have a much greater net contribution of inorganic 
nutrients to estuaries than P. punctata. Given that the biomass of C. mosaicus often exceeds several 
thousand tonnes within an estuary, the contribution of inorganic nutrients by this species is substantial.
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Tissues of the Sydney rock oyster 
Saccostrea glomerata as an indicator 
of sewage effluent using stable isotope 
analysis.
Richard Piola
Sydney NSW 2052. E-mail: r.piola@unsw.edu.au

School of Biological, Earth and Environmental Sciences, University of 
New South Wales, Estuaries and coastal zones are increasingly being 
impacted by anthropogenic nutrient sources such as sewage effluent 

discharge and land run-off. The analysis of the stable isotopes of carbon (13C) and nitrogen (15N) of muscle, 
ctenidia and viscera of the Sydney rock oyster Saccostrea glomerata were usd to trace the movement 
and assimilation of tertiary treated sewage effluent in the Manning River estuary, New South Wales. 
δ15N values of oyster ctenidia and viscera from the sewage outfall location indicated the utilisation of 
15N-enriched tertiary treated sewage effluent, discharged from the Dawson sewage treatment plant, as 
a nutrient source. However, the effect of these effluent derived nutrients is relatively localised, with 
oysters from sites immediately upstream and downstream of the outfall location showing no enrichment 
in δ15N. This finding is supported by measurements of inorganic nutrient concentrations along the river. 
In addition to indicating the presence of sewage effluent, viscera significantly defined the presence of an 
ocean-to-estuarine gradient, proving it to be the most sensitive of the three tissues examined. However 
the high internal variability exhibited by viscera may be problematic for use in both tissue-specific 
and whole-body stable isotope studies. For a study of this scale ctenidia is the most useful tissue for 
characterising nutrient sources, as it was consistent in significantly defining the effluent discharge, was 
able to detect the presence of an estuarine gradient, yet showed less internal variability than viscera. 
Muscle showed the least variability of all tissues and was the least sensitive to nutrient fluctuations, 
making it more suited to larger scale long-term temporal and spatial investigations of nutrient sources.

Host choice mistakes in a herbivorous marine amphipod: 
the influence of relative abundance of host algae

Alistair G. B. Poore
School of Biological, Earth and Environmental Sciences, University of New South Wales, Sydney, NSW 

2052. E-mail: a.poore@unsw.edu.au

Host-choice by herbivores may be constrained by the relative abundance and spatial arrangement of their 
host plants. Herbivores can only select among those hosts within their foraging range. On evolutionary 
time scales, herbivores are less likely to specialise on hosts that are rare or unpredictable in the local 
environment. The herbivorous marine amphipod Peramphithoe parmerong inhabits the brown alga 
Padina crassa despite growth and survival on this alga being significantly reduced in comparison to 
co-occuring hosts. The hypothesis that Peramphithoe was more likely to select the poor quality Padina 
when a preferred host (Sargassum linearifolium) was relatively less abundant was tested. Individual 
amphipods strongly preferred Sargassum in laboratory preference assays and were more likely to 
select Padina when it was relatively more abundant. These strong preferences were not reflected in 
colonisation rates of amphipods to these two species in the field, with adult Peramphithoe colonising both 
hosts to equal densities. Colonisation rates were dependent on the identity of neighbouring algae, with 
higher densities achieved on both hosts when placed within Sargassum beds in contrast to those placed 
within Padina beds. The identity of neighbouring hosts thus does not explain the continued presence 
of Peramphithoe on Padina, but does contribute to variation in herbivore densities on their host algae.
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Do marine algae gain protection 
from herbivory by association with 
unpalatable algae?

Poore, Alistair G.B and Hill, Nicole A.*
School of biological, Earth and Environmental Sciences, University of 

New South Wales, Kensington, 2052. Email: n.hill@unsw.edu.au
The presence of neighbouring plants may influence the ability of 
herbivores to recognise and/ or consume palatable plants. Associational 
resistance, when a plant susceptible to grazing gains protection by 
association with less palatable plants, is one example of this process. To date only a few examples of 
associational resistance have been documented in marine systems. We tested the hypothesis that the 
presence of unpalatable neighbours would alter host use in a common marine herbivore, the amphipod 
Perampithoe parmerong. This amphipod inhabits shallow, subtidal algal beds around Sydney in which 
two species of brown macroalgae, Sargassum linearifolium and Dictyopteris acrostichoides, are abundant. 
S. linearifolium is highly preferred by P. parmerong and supports high rates of growth and survival. 
D. acrostichoides however, is not inhabited by P. parmerong in the field and is strongly avoided in 
preference assays. We tested the hypothesis that individuals of S. linearifolium in close proximity to D. 
acrostichoides would support lower densities of P. parmerong, and therefore gain associational resistance. 
Results will be presented for tests of this hypothesis at two different scales; 1) among individuals selecting 
algal pieces in laboratory essays, and 2) among hosts in different spatial configurations in the field. 

Effects of human activities on rocky shores of the Surf 
Coast Shire: scientific basis for management at the 
regional level

Porter, C.*, Wescott, G. & Fairweather, P.G.
School of Ecology and Environment, Deakin University, Melbourne, Victoria

The Surf Coast Shire in regional Victoria contains some of the most spectacular coastline in Australia, running 
from Point Impossible in the east to just west of the resort town of Lorne. The Surf Coast Shire council is 
committed to ecologically sustainable tourism based on its coastal assets, including the important intertidal 
environments. The challenge for the Shire is to protect and enhance the biodiversity of its intertidal areas 
whilst allowing for their sustainable use as a critical component of the local economy. In order to do this the 
Council needed to identify the conservation values of intertidal areas within the shire and assess the impacts 
that current human use has on these values. The impacts of shellfish collecting on rocky shores were identified 
as an issue of particular concern. We have conducted a research project with the Shire to provide a scientific 
basis for management decisions. The principal aims of this project were to: (1) determine the patterns of 
human use of intertidal habitats; (2) measure the impacts of human usage on biological communities and 
species populations; and (3) to identify intertidal sites of regional conservation significance for the Surf Coast 
Shire. Surveys of human usage identified reef walking, looking in rock pools and fossicking as major uses 
of rocky shores within the Surf Coast. This poster reports the effects of this usage on gastropod populations 
of rocky shores within the Surf Coast Shire. A small proportion of visitors collected intertidal organisms. 
Shores were categorized as high or low use based on total numbers of people observed at each shore 
over the first year of the project. Mean size and catch per unit effort were compared for several gastropod 
species between high use and low use shores. The results presented here show that the populations of some 
gastropod species are of smaller mean size and less abundant on high use shores than on low use shores. 
There was also a noticeable difference in degree of effect detected between sandstone and mudstone shores. 
The implications of these results are briefly discussed in terms of management options available to the Shire.
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Small Cetacean Survey of the Timor Sea

Porter, Lindsay J.1 & Chilvers, B. Louise2*

1Dolphin Conservation Officer, World Wide Fund for Nature, Hong 
Kong, No. 1 Tramway Path, Central, Hong Kong. 2Department of 
Zoology, P.O. Box 4800, Canterbury University, Christrchurch, New 

Zealand. (L.Chilvers@zool.canterbury.ac.nz) 

There is little data available on the density, distribution or diversity of 
marine mammals in the coastal and oceanic waters between Northern 
Australia and Indonesia, the Timor Sea. This is an area, however, in 
which marine mammals have previously been, and may still be, subjected 
to high mortality from interactions with international fishing operations. 

This projected aimed to collect baseline abundance, distribution and photo-identification data from all 
marine mammals within this area. In October 2002, a shipboard survey was conducted in the Timor Sea/ 
Timor Trough area adjacent to Timor and Roti Islands. A second, more extensive survey of the continental 
shelf area of the Timor Sea will be conducted in June 2003. The results from the first study and the aims 
of the second study are presented here. The first study covered more than 1300km of trackline within 
the Timor Sea area and recorded six species of small cetacean: spotted dolphins (Stenella attenuata), 
spinner dolphins (S. longirostris), melon-headed whales (Peponocephala electra), bottlenose dolphins 
(Tursiops truncatus and T. aduncus) and Kogia spp. An additional five species were observed in adjacent 
waters during transit shipboard surveys to and from the survey area: Fraser’s dolphins (Lagenodelphis 
hosei), rough-toothed dolphins (Steno bredanensis), sperm whales (Physeter macrocephalus), pygmy 
killer whales (Feresa attenuata), Risso’s dolphins (Grampus griseus). It appears from this preliminary 
survey that species diversity is much less in the area of the Timor Sea, compared to similar, adjacent 
habitat. It is anticipated, however, that the second survey planned for June 2003 will elucidate further 
the abundance and diversity of the marine mammals, particularly small cetacean fauna of the Timor Sea.

The Perth Canyon and Blue Whales

Susan Rennie
Centre for Marine Science and Technology, Curtin University of Technology, GPO Box U1987, Perth, 

6845. renniesj@ses.curtin.edu.au

Submarine canyons are recognised as having a major influence on the physical and biological 
oceanography of continental shelves. The Perth canyon, a large, isolated canyon west of Perth, plays 
host to feeding pygmy blue whales during summer and early autumn. It is intended to discover more 
about the canyon’s role in the amassing of krill swarms that the whales feed on. The oceanography in 
the region of the canyon is interesting because it lacks the typical eastern boundary upwelling that would 
provide a large supply of nutrients to the photic zone. The southward Leeuwin Current opposes upwelling 
and generally flows over the canyon. Little is known about the currents under the Leeuwin Current.
The canyon and currents are being modelled using density gradients to drive the currents, with surface 
wind stress as an additional factor, to simulate how the canyon influences the currents at various depths, 
and if upwelling could be occurring. Initial modelling results have generated a reasonably realistic 
‘Leeuwin’ current. Tackling this topic from another aspect, other influences on the currents, the krill 
swarms and ultimately the whales are examined through analysis of oceanographic and meteorological 
data, combined with whale surveys that have been conducted during summer over the last few years.
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Insights into the microbial ecology of 
temperate estuarine mud flats from 
compound specific isotope analysis of 
lipid biomarkers

Revill, Andrew T.1, Cook, Perran & Volkman, John K.
CSIRO Marine Research, GPO Box 1538, Hobart, Tasmania, 7001 

(Andy.Revill@csiro.au) 

The sources of organic matter were studied on the upper 
and lower regions of two mudflats in the Huon Estuary, 
southeast Tasmania, over four seasons. The aim of the 
study was to develop a detailed conceptual understanding of sedimentary carbon and 
nitrogen cycling processes in relation to the activity of microphytobenthos (MPB) in 
this system. Bulk stable isotope analysis of the sediments indicated that the organic 
matter pool at both sites was primarily terrestrially derived, with organic matter from 
microphytobenthos representing a smaller proportion of the total organic carbon (as 
indicated by a more enriched δ13C value), though this did vary seasonally. Given that 
sediments at both these sites exhibited significant rates of respiration, the question 
remains as to the source of the carbon being consumed by the bacteria. Terrestrial 
organic matter is most likely to be refractory as indicated by high C:N ratios and a 
more likely supply of organic carbon to bacteria within the sediment is that derived 
from MPB, which have a lower C:N ratio and also contain high proportions of labile 
forms of organic carbon. Compound specific stable isotope analysis has been used 
to attempt to elucidate the relationship between MPB and the bacterial community.

The development of a geomorphic history of estuarine 
infilling utilising invertebrates as indicators of past 
environments

Reynolds, Jason Kurt*

1School of Biological, Earth and Environmental Sciences, University of New South Wales, Sydney, 

New South Wales, 2052 (pedologist@hotmail.com)

The Tweed estuary is underlain by Acid Sulfate Soils which upon oxidation produce large volumes of 
acidity and ions that impact upon the surrounding environment. Considerable debate exists as to whether 
these oxidation processes are recent occurrences or are part of the natural pedogenic process extending 
throughout the Holocene. To answer this question both soil pedogenesis and invertebrate biology were 
studied across the Tweed floodplain to depths exceeding 5m (AHD) covering a time scale of over 5,000 
years. The dynamic nature of the chemistry of Acid Sulfate Soils limit their use as indicators over extended 
periods of time whereas the static nature of the invertebrate biology has proven to be fundamental in 
understanding the geomorphology of the Tweed estuary through the Holocene. The results provide a 
different interpretation of environmental geomorphology from that of pure soil science. Relationships 
between soil chemical parameters (EC, titratable acidty, ionic concentrations) and the invertebrate 
biology have been analysed across the floodplain to better understand Acid Sulfate Soil development.
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The reduction of nitrates by sulfide 
bearing sediments in coastal Australia: 
quantification and identification

Reynolds, Jason Kurt1*, Macdonald, Ben1 & Melville, 
Mike1

1School of Biological, Earth and Environmental Sciences, 
University of New South Wales, Sydney, New South Wales, 2052 

(pedologist@hotmail.com)

Typically, sulfide bearing sediments are considered among the 
highest contributors of estuarine pollution throughout the world. 

The occurrence of these sediments is often related to the exportation of acidity and high metal 
concentrations, this study focuses on the adsorption characteristics of certain mineral formations in 
these sediments. Mineral assemblages in the reducing zone of these sediments adsorb as a function of 
cation exchange capacity and redox potentials. The data presented highlight the occurrence of double 
valence minerals and the reduction of nitrates within sediments. The adsorption of nitrates is quantified 
to be an impact upon the nitrogen cycle within estuarine environments where sulfidic sediments form.

Analysis of differential gene expression during the semi-
lunar reproductive cycle of Haliotis asinina

Rice, Tamika1*, O’Brien, Elizabeth2 & Degnan, Bernard1

1Department of Zoology and Entomology, The University of Queensland, St Lucia, 
Queensland, 4072. 2Bribie Island Aquaculture Research Centre, Woorim, Queensland, 4507 

(t.rice@zen.uq.edu.au)

During the summer on Heron Island Reef gravid Haliotis asinina synchronously spawn approximately 
every two weeks around new and full moons. During this period gametogenesis is also highly synchronous 
within the population. This predictable cycle makes H. asinina an ideal species in which to study the 
molecular control of the reproduction and spawning. Here we investigate gene expression patterns 
occurring in cerebral and pleuropedal ganglia during the semilunar spawning cycle. These ganglia are 
known to play a neuroseceretory role in reproduction in H. asinina and in other molluscs. Amongst the 
genes expressed in these ganglia during the reproductive season are members of highly conserved POU, 
Pax and Sox transcription factor gene families. To determine if the expression of these and other genes 
oscillate during the semi-lunar spawning cycle, we isolated RNA from cerebral and pleuropedal ganglia at 
nine stages of the cycle and compared the prevalence of gene transcripts at these stages using a combination 
of RT-PCR and microarray gene profiling techniques. This approach allows for the identification of genes 
that are expressed in a semi-lunar rhythmic pattern in ganglia known to control molluscan reproduction.
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Monitoring Antarctic benthic 
communities using artificial substrata

Richards, Sarah1,2,3*, Smith, Stephen, D. A.1,2 and 
Riddle, Martin3

1 National Marine Science Centre, PO Box J321, Coffs Harbour, NSW, 
2450, Australia
2 School of Environmental Science and Natural Resources 
Management, University of New England, Armidale, NSW, 2351
3 Australian Antarctic Division, Channel Highway, Kingston, 
Tas.7050
Email: sarah.richards@aad.gov.au

As part of Australia’s obligations under the Madrid Protocol, a major thrust of current Australian Antarctic 
research focuses on the quantification and amelioration of human impacts resulting from historical and 
present activities at the main bases. In this study, we are using artificial substratum units (ASUs) to quantify 
differences in recruitment patterns of sublittoral macrobenthic communities: i) over a range of spatial and 
temporal scales at uncontaminated locations; and ii) in relation to contamination by runoff from the old tip 
site adjacent to Casey Station, East Antarctica. The “standard” ASU used in this study comprises a bundle of 
3 nylon mesh pot scourers that are attached to weighted trays and lowered to the substratum from the surface 
for periods of up to 12-18 months. A number of experiments have been conducted and here we report on 
preliminary results documenting the structure of invertebrate communities and the effects of size and colour 
of ASUs. The community recruiting to ASUs is dominated by peracaridean crustaceans (isopods, amphipods 
and tanaids), polychaetes and gastropods. Multivariate statistical analyses indicated that colour of ASUs 
has no detectable effect on community structure, with samples of each of the three colours (red, yellow and 
blue) showing high levels of heterogeneity and considerable overlap in nMDS plots. Experiments using from 
1-9 scourers per unit showed that species richness reaches an asymptote at approximately 3 scourers – the 
standard unit size deployed in the main experiments. Faunal abundance in all multiple scourer units was 
lower than predicted based on the results for single scourers indicating considerable interactions, potentially 
from both physical and biological sources, in units of increasing size. The results to date suggest that ASUs 
provide a useful, standardised tool for monitoring human impacts in shallow subtidal habitats in Antarctica.
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Why scientist must not exaggerate 
the threats to the Great Barrier Reef

Ridd, Peter*

School of Mathematical and Physical Science, James Cook University, 
Townsville, Queensland, 4811 (peter.ridd@jcu.edu.au) 

The majority of the public, and many politicians, believe that the Great 
Barrier Reef (GBR) is in a seriously degraded state. This perception has 
occurred due to a combination of overzealous media reporting, claims by 
scientists, and opportunistic comments by management authorities. The 
educated layperson is often surprised to learn that it is hard to conclusively 

say that any long-term damage has occurred to the GBR, and that threats due to agricultural runoff apply to 
a very small percentage of the GBR only. Although it is correct to be concerned about a diversity of threats 
to the GBR, and to act to minimize these threats, the deception of the public is potentially dangerous for two 
reasons. (1) Finances available for mitigating environmental problems are limited, and it is thus important 
that the most serious problems take priority. Although the GBR is threatened and may be partially degraded, 
it can be argued that other environmental problems in Australia, such as dryland salinity, population 
growth on city fringes or introduced flora and fauna are more serious. There is no doubt that these other 
problems are causing damage on a wide scale whereas considerable doubt exists in the case of the GBR. (2) 
Claims that prove to be exaggerated, or incorrect, damage the credibility of all scientists. There are many 
contentious issues in society that require the balanced and unprejudiced input from scientist. If scientists 
are perceived as untrustworthy, it is difficult for the public or politicians to make informed decisions. 

How useful are non-geniculate coralline algae 
(Corallinales, Rhodophyta) growth forms to determine 
environmental conditions?

Ringeltaube, Petra*

GHD, GPO Box Brisbane, Queensland, 4001 (pringeltaube@ghd.com.au)

For non-geniculate coralline algae (Corallinales, Rhodophyta), a range of studies have correlated the 
occurrence of particular growth forms with environmental conditions such as water motion. Water motion 
appears to play an important role in determining the abundance, distribution and growth-form of non-
geniculate coralline algae (NCA). Published data suggest that in high wave energy areas crustose forms are 
more abundant than branching forms and it has been reported that the proportion of NCA with thick crusts 
increases with increased disturbance from water motion. In most studies however, water motion was not 
determined. This investigation aimed to determine the distribution of NCA growth forms and abundances 
in the natural environment and investigate if they are correlated with water movement and secondly to 
compare assemblages and growth-forms of NCA developed on inert substrata with assemblages and 
established growth forms of NCA in the natural environment. The results suggested that the factors which 
determine the conditions that may be conducive for the settlement or recruitment of algae are different to 
the factors which may control the development of different morphotypes and therefore the distribution 
and abundance of different growth forms. It is more likely that water movement may be an important post 
settlement (post recruitment) factor in the determination of growth-form, i.e. once NCA with the potential 
to develop branches (to date it is not known if all NCA species actually have the potential to exhibit more 
than one growth form) have settled, then water movement might be a critical factor. Therefore, it is not 
surprising that, although the environmental conditions appear to be similar, the distribution pattern of 
NCA growth forms vary considerably among corals reefs. Generally speaking, factors controlling the 
origin of a community can vary considerably from factors maintaining a community and it is questionable, 
if NCA morphotype distribution can be used as an indicator for prevailing hydrodynamic conditions.
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Quantitative 3-dimensional motion 
analysis of pelagic crustaceans in 
aggregations

Ritz, David1*, Swadling, Kerrie1, Osborn, Jon2 & 
Hollander, Edwina1

1School of Zoology, University of Tasmania, Private Bag 5, GPO 
Hobart, Tasmania, 7001. 2School of Geography and Environmental 
Studies, Private Bag , University of Tasmania, GPO Hobart, 

Tasmania, 7001 (David.Ritz@utas.edu.au) 

Pelagic crustaceans that aggregate in swarms and schools pose some 
fascinating questions about the evolutionary significance of social behaviour, but resolving the movements of 
individuals within the group has proved difficult in the past. We describe a compact underwater stereo video 
system suitable for use both in laboratory tanks and in the sea. Using motion analysis software we can track 
the paths of individual animals in three dimensions. We show firstly that behaviour of individual mysids in 
swarms in laboratory tanks does not differ significantly from that recorded in the field. Behaviour of individuals 
in different regions of the swarm, in parameters such as swimming speed, acceleration, nearest neighbour 
distance, time spent in different sectors, is not uniform. Using this equipment we can begin to test recent 
theories about the costs and benefits of such aggregations and we present some preliminary results. This is a 
powerful new tool for exploring the ecological and evolutionary significance of social aggregation in the sea. 

Can environmental records be extracted from coral 
skeletons from Moreton Bay, Australia, a subtropical, 
turbid environment ?

Roberts, Lisa & Harriott, Vicki*
School of Environmental Science and Management, Southern Cross University, Lismore, New South 

Wales, 2480 (vharriot@scu.edu.au)

Corals from subtropical Moreton Bay, Queensland were analysed to determine whether coral skeletons 
could be used to develop a record of environmental conditions for the Bay covering the period of post-
European settlement (<200 years). Moreton Bay borders Brisbane, a city of nearly 2 million residents, 
and is under the influence of several large river systems. Linear extension rates for three massive coral 
species generally exceeded growth rates for closely related species at other locations, indicating that 
recent environmental conditions in the region are suitable for coral growth. However, growth rates varied 
unpredictably between sites and between colonies of the same species, complicating any correlation 
between coral growth and environmental conditions within the Bay. Prominent luminescent lines 
visible under ultra-violet light coincided with major flood events in the Brisbane River over the past 
20 years. Analysis of longer records (>200years) was not possible because the convoluted growth form 
of the only large massive coral species (Psammocora sp) present did not allow an accurate chronology 
to be developed. While conventional methodologies can be applied to subtropical coastal corals, the 
selection of corals suitable for analysis of environmental records is more difficult than for tropical reefs.
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Harem tenure and movements of 
breeding, adult male New Zealand sea 
lions Phocartos hookeri:  implications for 
conservation management.

Robertson, Bruce C.1*, Chilvers, Louise B.1, Wilkinson, 
Ian2, Gemmell, Neil J.1

1School of Biological Sciences, University of Canterbury, Private Bag 
4800, Christchurch, New Zealand. 2Department of Conservation, 
Science & Research Unit, PO Box 10420, Wellington, New Zealand 

(bruce.robertson@canterbury.ac.nz)

Mating systems of the Otariidae (i.e. eared seals) are characterized by extreme polygyny, female 
gregariousness and male resource defense. Male otariids defend fixed territories (in some species for weeks), 
which contain resources required by females for reproduction. In this regard, the New Zealand sea lion, 
Phocartos hookeri, one of the world’s rarest otariids is unusual because it breeds on sandy beaches where 
males defend territories, which contain few, if any, identifiable resources. Once widely distributed around 
New Zealand, human hunting all but exterminated sea lions from the mainland.  Nearly all breeding now 
occurs in New Zealand sub Antarctic waters, with over 90% of pup production occurring at three rookeries 
on the Auckland Islands (i.e. Pebble Point and Sandy Bay on Enderby Island and Dundas Island). The 
species remains vulnerable due to its limited breeding range and continuing anthropogenic impacts (i.e. 
squid fisheries by-catch and resource competition). As part of the conservation effort for this species, we 
examined the breeding behaviour of 201 individually identifiable (i.e. chemically bleached and tagged) 
adult male sea lions on Sandy Bay. Using resightings and GIS, we examined harem tenure (days in harem ± 
s.e.), male spatial dynamics on the breeding beach and male dispersal patterns among the Auckland Island 
rookeries and throughout the species range. Our results indicate NZ sea lions display dynamic territorial 
behaviour characterized by brief compared to other otariids harem tenure (4.2±0.38 days). High male 
turnover was coupled with dispersal between the three rookeries on the Auckland Islands. This previously 
unappreciated dispersal might result in the genetic homogenization of the rookeries via male-mediated gene 
flow, but also provides an avenue for the rapid spread of disease to a significant proportion of this rare species.

Monitoring and modelling of nutrient fluxes in the Ord 
estuary

Robson, Barbara1*, Palmer, Duncan2 & Parslow, John3

1CSIRO Land and Water, GPO Box 1666, Canberra, ACT. 2Water and Rivers Commission, PO 
Box 836, Karratha, Western Australia, 6714. 3CSIRO Marine Research, GPO Box 1538, Hobart, 

Tasmania (barbara.robson@csiro.au)

The Ord River Estuary is a highly turbid, macrotidal, semi-arid to tropical system. With the changing 
water needs of Kununurra and the surrounding agricultural region, water allocation planning is 
currently underway, and this is likely to result in reduced flows and altered nutrient loads to the 
system. The Ord Bonaparte Project aims to provide an improved understanding of the likely impact 
of different flow regimes on the lower Ord River and estuary. Monthly water quality monitoring, with 
intensive observations during wet-season and dry season field studies, together with a 1-dimensional 
hydrodynamic and ecological model, have provided insight into sources and sinks of nutrients and 
sediments in the system. Unusually, maximum nitrogen and phosphorus concentrations are usually 
near the mouth of the estuary, rather than upstream, near the irrigated agricultural area. Resuspension 
of benthic sediments appears to be a major source of nitrogen and phosphorus in the lower estuary.
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Using a Model System and Microarrays 
to Identify Conserved Molecular Targets 
of Marine Allelochemicals
Roper, Kathrein E.1,2*, Woods, Rick2, Garson, Mary J.3, 

Lavin, Martin F.2 & Degnan, Bernard M.1

1Department of Zoology & Entomology, University of Queensland, 
St Lucia, Queensland, 4072. 2Microarray Facility, Queensland 
Institute of Medical Research, Brisbane, Queensland, 4022. 
3Department of Chemistry, The University of Queensland, St Lucia, 

Queensland, 4072 (kerryroper@canada.com)

In areas of intense competition, many animals have evolved mechanisms for producing secondary metabolites 
with some ecological benefit. For instance, many marine sponges produce non-essential compounds, termed 
allelochemicals, which are thought to protect these seemingly defenceless animals from the menagerie of 
fouling larvae produced by community members. Although past research has demonstrated the toxicity of 
these allelochemicals on other marine invertebrates using chiefly morphological and generic pharmaceutical 
assays, the effect of these chemicals on molecular, developmental and physiological pathways remains largely 
unknown. Analysis and understanding of these molecular interactions allow for the identification of potential 
commercial anti-foulants and pharmaceuticals, as well as understanding the ecology and evolution of secondary 
metabolites. We have developed a model system for studying the molecular targets of allelochemicals using 
two well-characterised compounds from two species of the sponge Haliclona. These structurally different 
compounds have been used in assays with the thoroughly studied ascidian Herdmania curvata. Assays 
have shown these chemicals induce the pelagic larvae to settle at high rates yet inhibit progression through 
metamorphosis at precisely the same time point. A novel H. cuvata cDNA microarray with approximately 
4800 clones was then used to profile the changes in gene expression and identify possible molecular targets 
of the allelochemicals. Statistical analysis was used to form a stringent analytical process which allowed us 
to draw conclusions from expression data with an associated level of confidence. The multitude of outcomes 
will be discussed. In parallel, we have preformed morphological assays with the two allelochemicals with 
other invertebrate larvae and shown a ‘universal’ toxicity of these compounds to potential fouling organisms. 
Further, a parallel microarray approach is being used in studies with the abalone Haliotis asinina to 
determine if large-scale gene expression changes are a common feature of contact with these allelochemicals.

Spatial Variation in the Structure of Soft-bottom Benthic 
Communities of the Solitary Islands Marine Park

Rowland, Jennifer M.*, Smith, Stephen D.A. & Simpson, Rodney D.
 School of Environmental Science and Natural Resources Management, University of New England, 
Armidale, New South Wales, 2351. National Marine Science Centre, Bay Road, Coffs Harbour, New 

South Wales, 2450 (jenrowland@nmsc.edu.au)

Soft-bottom habitats comprise 75% of the benthic environment in the Solitary Islands Marine Park 
(SIMP). Despite this there is currently no data on the resident communities, nor on the factors affecting 
them. To address this at scales useful for the managing authority, remote sampling of three transects was 
undertaken in the north, central and southern regions of the SIMP. Along each of these transects four 
depths (20, 30, 40, 50m) were sampled. Four replicates were taken at each sampling ‘station’ with an 
additional sample collected for granulometry and organic content analysis of the sediment. Multivariate 
analysis of total community data indicated differences in community structure between transects 
(P<0.001) and depths (P<0.001). Further pairwise analysis revealed that community structure across 
the southern transect differed from that at other regions. Analysis of summary community variables (S, 
N, H’, J) also revealed significant differences in the structure of benthic communities with the southern 
transect supporting the most diverse (S=26.3; H’=2.7) and abundant (N=79.6) communities. Comparison 
between depths revealed that samples from 50m consistently contained the most diverse assemblages 
(S=24.6; H’=2.7). These results suggest that in order to protect representative communities managers 
need to consider these apparent differences between regions and depths in any future zoning plans.
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Spatial variation in the structure of 
marine benthic communities recruiting 
to artificial substrata
Rule, M. J.* and Smith, S. D. A.
School of Environmental Science and Natural Resources Management, 
University of New England, Armidale, NSW, 2351, Australia
National Marine Science Centre, Bay Drive, Coffs Harbour NSW, 2450, 

Australia. E-mail: mrule@nmsc.edu.au
Artificial substrata were used to examine spatial variation in the recruitment 
of marine benthic assemblages within the Solitary Islands Marine Park 

(SIMP), NSW, Australia. Using a nested, hierarchical design, we investigated variation in recruitment over 
four spatial scales ranging from metres to kilometres. Nests of nylon pan scourers were used as artificial 
substratum units (ASUs) and were anchored to rocky reef for 5 months, at a depth of 6-8 m, at two island 
sites within the SIMP. Data were subjected to both univariate and multivariate analyses to determine the 
similarity of community structure between sites. Large-scale patterns of recruitment were very obvious, with 
samples from NW Solitary Island numerically dominated by the bivalve, Hiatella australis, and samples 
from North Solitary Island dominated by the amphipod, Malacoota sp. Significant differences between 
recruiting communities were identified over all spatial scales. For the univariate summary community 
variables (S, N, H’, J), significant differences were found at the smallest spatial scale (metres) but not at the 
largest spatial scale (kilometres), while significant differences between the mean abundance of individual 
faunal groups (amphipods, bivalves, polychaetes and decapods) were identified over the full range of scales 
investigated. Multivariate analyses revealed that the structure of recruiting communities varied over all 
scales although significant differences at the smallest spatial scale were uncommon. There was very little 
overlap in community structure between islands and between locations within islands. This is explained by 
the idea of a “core suite of recruiting species”, in which a large number of recruits into a community originate 
from a localised source. Large and medium- scale variation in the structure of recruiting assemblages to 
artificial substrata reflects differences in the established adult community (patchiness) at these spatial scales.

Population structure of Lutjanus malabaricus and L. 
erythropterus between eastern Indonesia and Australia: 
reconciling allozymes and mtDNA evidence

Salini, J.P.1, Ovenden, J.R.2, Street, R.2, O’Connor, S.2, Pendrey, R.1, Haryanti3 
& Ngurah3

 1CSIRO Marine Research, PO Box 120, Cleveland, Queensland, 4163. 2Molecular Fisheries 
Laboratory, QDPI, SRC, PO Box76, Deception Bay, Queensland, 4508. 3Research Institute for 

Mariculture, Gondol, Bali, Indonesia (john.salini@csiro.au)

The genetic structure of red snapper, Lutjanus malabaricus and L. erythropterus, populations in eastern 
Indonesia and northern Australia was investigated by protein electrophoresis and mtDNA. Samples were 
collected from eight sites in Indonesia and five sites in northern Australia. A total of 14 variable genetic loci 
were successfully scored across all samples, with more variable loci observed in L. malabaricus than in L. 
erythropterus. Haplotype (RFLP) diversity based on restriction enzymes Eco R1, Eco RV and Nla111 in L. 
erythropterus and Nla111 and Xba1 in L. malabaricus was high (L. erythropterus, 0.95 and L. malabaricus, 
0.97), as was intraspecific sequence divergence, L. erythropterus, 0 – 12.5% and L. malabaricus, 0 – 9.5%. 
The pattern of haplotype frequencies grouped both species in to two broad fisheries stocks with a genetic 
boundary either between Kupang and Sape (L. malabaricus or between Kupang and Australian Timor Sea. 
The allozyme analyses reveal similar boundaries for L. erythropterus but with seven rather than two mtDNA 
stocks of L. malabaricus including Ambon, which was not sampled with mtDNA. Allozyme and haplotype 
data do not distinguish the four Australian locations nor the Bali and Sape locations for both L. malabaricus 
and L. erythropterus. Possible reasons for differences in discrimination between the methods are discussed 
as are the managerial implications of shared stocks across national boundaries. Correlations between 
phylogeny from sequence data and geography (phylobiogeography) was detected for the two species.
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Novel antifouling surfaces: Microtexture 
on marine bivalves of the Great Barrier 
Reef

Scardino, Andrew*

School of Marine Biology and Aquaculture, James Cook University, 

Townsville Queensland, 4811 (Andrew.Scardino@jcu.edu.au)

Biofouling is a common problem affecting all submerged surfaces. 
However, some species of shellfish remain free of fouling despite strong 
fouling pressure. It has been hypothesised that the periostracum, the 
outermost proteinaceous layer of the shell, provides protection from fouling 
through the presence of a small-scale surface structure (microtexture, <10µm). The presence of microtextured 
surfaces on bivalves and other molluscs from the Great Barrier Reef (GBR) was investigated. Field surveys 
were conducted on the fringing reefs of Orpheus, Magnetic and Palm Islands as well as the intertidal mud 
flats off Townsville. Bivalves and gastropods that were free of fouling were identified and their surfaces 
examined at 10x, 100x, 1000x and 10000x for potential microtextures using image analysis, light microscopy 
and scanning electron microscopy (SEM). Of the 40 species identified, 15 displayed microtextured surfaces 
in the range of 1-25µm with the remaining species having large-scale surface topographies ranging from 
100µm-1mm. Mimics of the microtextured surfaces have been developed and are accurate to within 1µm. 
These mimics will become models to test for the antifouling properties of the shell surface. The production 
of biomimics modelled on natural surface microtextures will help elucidate the mechanism of action of 
fouling deterrence. Antifouling technologies that are based on physical mechanisms alleviate concerns 
of leaching, biodegradation and non-target effects that are associated with chemical-based antifoulants. 

Modelling the Role of Copper Speciation in the Uptake by 
Oysters 

Richards, Russell
Chemical Engineering, University of Queensland, St Lucia 4072.

 E-mail: russellr@cheque.uq.edu.au 

Filter-feeders have been ubiquitously employed as ‘bio-indicators’ of water quality. They have the 
advantage over direct analysis of estuarine and coastal waters in that trace-metal concentrations are elevated 
and represent accumulation of a prolonged period (ie time-integrated). Oysters are commonly used as 
bioindicators of copper as they are particularly adept at accumulating this toxicant. Copper uptake is strongly 
influenced by speciation, which in turn is very complex. In the presence of iron-rich water, the copper may settle out 
of the water column as iron-copper precipitates or sorbed to particulate matter. However, the analysis of oysters in 
Moreton Bay has shown high copper concentrations, in the order of 1000 ug.g-1 dry tissue weight, implying that copper 
is present in the water column. As the main diet of oysters is phytoplankton, it is theorized that phytoplankton plays a 
significant role in the concentration of copper in the water column. At the heart of this is that copper is both an essential 
micro-nutrient and a toxicant to phytoplankton. Therefore, phytoplankton needs to be able to detoxify acquire copper 
and acquire copper depending on whether copper is abundant or scarce respectively. Zooplankton may also increase the 
availability of copper for phytoplankton through grazing. Zooplankton are poor assimilators of trace metals, tending 
to egest them with their exudates. These exudates breakdown into dissolved organic matter releasing the copper 
back into the water column. Therefore, the aim of this study is to investigate the role of phytoplankton and 
zooplankton in regulating aqueous copper concentration. The first objective was to construct a conceptual 
model of the uptake and loss pathways of copper in phytoplankton and zooplankton, and identifying the rate 
constants required. This has been achieved and the next phase is underway, which is to source values for the 
rate constants from literature. Once this has been achieved, the model will be formulated using Madonna 
software and a sensitivity analysis carried out to identify the sensitive parameters within the model.
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Tracing multiple pollution in estuaries: 
combined stable isotope and trace metal 
signals in oysters
Schlacher, Thomas A.1*, Schlacher-Hoenlinger, Monika 
A.2 & Gundacker, Claudia3

1Faculty of Science, University of the Sunshine Coast, Maroochydore 
DC, Queensland, 4558. 2Queensland Museum, PO Box 3300, South 
Brisbane, Queensland, 4101. 3Department of Medical Biology, 

University of Vienna, Austria (tschlach@usc.edu.au)

Bio-indicators may overcome (though introduces others) some of the 
problems inherent in traditional chemical analysis of environmental samples (e.g. poor spatial and temporal 
representation, high variability, unknown bio-availability etc.). Here we tested whether oysters are suitable 
indicators of two types of pollution: (1) nitrogen contained in sewage, and (2) trace metals. Oysters (Saccostrea 
commercialis) were collected from two estuaries in southeast Queensland that differ substantially in the amount 
of sewage discharged to them (Maroochy Estuary: outfalls from six wastewater plants, vs. Mooloolah Estuary: 
no licensed sewage inputs). Spatial sampling coverage in each estuary was intensive enough (34-77 sites per 
estuary) to allow mapping of pollution signals (small-scale or ´hotspot´ approach). The degree of wastewater 
was assessed by stable nitrogen isotope (δ15N) signals in oyster tissues - (this method builds on differences 
that exist in the relative amounts of 15N and 14N amongst various forms of nitrogen: N in treated sewage is 
enriched in 15N while other sources of potential N-pollution, such as fertilisers, are more depleted in 15N). 
Trace metal pollution was assessed as tissue concentrations of Cu, Zn, Hg, Pb and Cd by conventional Atomic 
Absorption Spectrophotometry. δ15N-values were markedly elevated in oysters from the Maroochy Estuary 
(estuarine-wide mean: 10.72±1.96 ppt) compared with the Mooloolah Estuary (6.87±0.78 ppt): essentially, all 
oysters from the Maroochy Estuary carried a distinct sewage signal in their tissue. Mapping of oyster nitrogen 
signatures reflected known (but in terms of their spatial extent unmeasured) sources of inputs (e.g. STP outfall 
points in the Maroochy Estuary where highly inflated values of oyster-δ15N of 14-15 ppt were recorded). 
It also revealed that boat harbours/marinas and malfunctioning septic tanks in tributaries might contribute 
towards sewage loads. Trace metal body burdens in oysters indicates that commercial and recreational shipping 
in one estuary (Mooloolah) may be a significant source of copper loads. Spatial patterns of copper residues 
in oysters show not only a system-wide contamination for the whole estuary, but also highlight hotspots 
associated with marinas and shipyards. Our data demonstrate that assessments of estuarine contamination can 
benefit from multiple scales (e.g. small-scale mapping and system-wide assessments) and multiple indicators 
(e.g. sewage vs. copper loads). We believe a logical future step is to test whether the clear sewage signals 
found in oysters propagate to pathological effects on the animals (organism health) and human health issues.

Symbiont-stealing sponges or atypical associates?
Schoenberg, Christine H.L.* & Loh, William K.W.

Centre for Marine Studies, The University of Queensland, St. Lucia, Queensland, 4072 (christine.sc
hoenberg@marine.uq.edu.au) 

Symbioses with zooxanthellae are best studied in reef building organisms. It is largely unknown that 
a number of competitive bioeroding sponges also contain zooxanthellae. As with other zooxanthellate 
animals, it appears that they have beneficial effects on their host sponges. However, the phenomenon has 
not yet been investigated in much detail. Although zooxanthellate sponges have been reported to be more 
resistant to bleaching than corals, they can bleach under adverse conditions similar to those causing stress 
in corals. Some sponges can re-attain zooxanthellae from adjacent symbiotic organisms. This raises the 
question of the origin of the zooxanthellae in bioeroding sponges under normal conditions. These sponges 
are capable of eroding coral skeleton and some species will even invade live coral tissue. Thus, they have 
the opportunity to acquire their zooxanthellae from their respective host corals. Pairwise tissue samples 
were taken from the bioeroding sponge Cliona orientalis Thiele, 1900 and abutting corals from reefs at 
Orpheus Island (Great Barrier Reef). The genetic variation of zooxanthellae from sponges and respective 
host corals were surveyed using the 28S RNA genes and ITS regions of each pair. Preliminary results 
suggested that the bioeroding sponge contained a different strain of zooxanthellae than its host corals.
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Reproductive biology of host sea 
anemones in the Solitary Islands Marine 
Park

Scott, A.1,2* & Harrison, P.L.1,2

1National Marine Science Centre, Bay Drive, Coffs Harbour, 
New South Wales, 2450. 2School of Environmental Science and 
Management, Southern Cross University, Lismore, New South 

Wales, 2480 (ascott@nmsc.edu.au)

Host sea anemones are ecologically important species as they provide 
essential habitat for obligate symbiotic anemonefish and a range of 
other commensal organisms. The density of host sea anemones within the SIMP is the highest recorded 
anywhere in the world, with two species, Entacmaea quadricolor and Heteractis crispa known to occur. 
Since the reproductive ecology of host sea anemones remains virtually unknown, collection of these 
animals for the aquarium trade relies on wild populations, threatening their existence in some areas of 
the Indo-Pacific. In order to provide the first quantitative data on reproduction and settlement patterns of 
sea anemones, individuals of both species were collected and maintained in flow-through seawater tanks. 
Male and female Entacmaea quadricolor released egg and sperm into the water column for external 
fertilisation in March on the third and fourth nights after the full moon, whereas Heteractis crispa 
appeared to have a longer spawning season, with spawning observed in March, April and May, seven, 
nine and six nights after the full moon, respectively. Subsequent embryos were collected and larvae were 
reared and then placed into settlement cages with various types of natural substrate to allow settlement 
and metamorphosis of juvenile anemones to be documented. Biopsy samples will be histologically 
analysed for the presence of sperm and eggs to determine gametogenic cycles. The mass culture of host 
sea anemones has the potential to reduce collecting pressures on wild populations, and would allow the 
restocking of anemones on reefs denuded by human and natural disturbances. Data from this research will 
not only provide essential information for the management of sea anemones and their associated species 
within the SIMP, but will also have both national and international significance. This research also aims to 
determine the distribution, abundance, and physiological health of host sea anemones within in the SIMP.

Effects of egg size and extended incubation on larval 
quality in Galaxias maculatus

Semmens, David* & Morrongiello, John
Department of Zoology, The University of Melbourne, Melbourne, Victoria, 3010 (d.semmens@pgr
ad.unimelb.edu.au)

Recent work on marine invertebrates and fish has shown that larval quality can strongly affect the 
subsequent performance of adults. Larval quality can vary due to maternal investment or delays in 
metamorphosis. The diadromous fish Galaxias maculatus spawns on spring tides and eggs are laid amongst 
flooded vegetation on the banks of estuaries. The eggs become stranded when spring tide waters recede and 
remain exposed to the air until they are induced to hatch by another spring tide. Hatching usually occurs 
between 10 and 14 days after spawning but can be delayed by up to 42 days. Further, egg size appears to be 
highly variable in the field. Therefore, there are two sources of variation in larval quality in G. maculatus 
and both have the potential to affect subsequent performance of juveniles. Here, we discuss the effects 
of egg size and extended incubation on the timing and success of hatching and hatchling performance.
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Coral health monitoring using colour 
charts: A new tool for research and 
monitoring groups, schools and tourists

Siebeck, Ulrike E.1, Marshall, N.J.1 & Hoegh-Guldberg, 
Ove2

 1Vision, Touch and Hearing Research Centre, School of Biomedical 
Sciences, 2Centre for Marine Studies, University of Queensland, St 

Lucia, Queensland, 4072 (k.jennings@uq.edu.au)

Recently the Great Barrier Reef and many other reefs worldwide have 
experienced coral bleaching with increasing frequency and severity. 

This whitening of coral tissue due to the loss of symbiontic dinoflagellates is now almost universally 
acknowledged to be connected to global warming. Although it has become possible to predict the timing and 
location of large-scale bleaching events from sea-surface temperatures, we still lack detailed information 
about the impact of bleaching at the scale of individual reefs and coral colonies. To date, assessment of coral 
health has had to rely on a variety of more, or less optimal information sources: remote sensing techniques, 
that detect the presence or absence of bleaching on a large-scale; labour intensive methods such as flyovers; 
manta tows and video transects; or invasive methods using symbiont densities as health indicators of 
individual colonies. We have developed a cheap, simple, non-invasive method for the assessment of coral 
health that makes use of the observed colouration change of corals during bleaching and recovery. Our coral 
colour monitoring chart consists of a series of coloured areas representing the most common coral colours. 
Within each area, the brightness of the colours is varied representing different stages of bleaching/recovery 
as determined in controlled bleaching experiments. In the field, users simply compare colours of corals with 
colours on the chart and record matching codes. Results show that with the chart we can not only detect coral 
bleaching but also describe slight changes in colouration that may represent natural fluctuations in symbiont 
densities, or minor bleaching due to rainstorms etc. The aim of this project is both to provide a scientific 
tool and also to educate the public about global warming by demonstrating one of its devastating effects. 
We aim for global distribution of the charts by the end of 2004 and would like to ask your help in doing this.

The potential impacts of herbicides on marine 
photoautotrophs of Queensland

Shaw, Chris M.1*, Jones, Ross J.1 & Müller, Jochen F.2

1Centre for Marine Studies, The University of Queensland, St Lucia, Queensland, 4072. 2National 

Research Centre for Environmental Toxicology, Coopers Plains, Queensland, 4108 (c.shaw@marin
e.uq.edu.au)

Recently there have been concerns raised over the water quality of the inshore Great Barrier Reef. In 
particular, transport of herbicides into the Great Barrier Reef Marine Park (GBRMP) has been hypothesised 
after the detection of herbicide residues within sediments of the GBRMP. One of the most widely used 
herbicides in Queensland is the photosynthetic inhibitor atrazine, which acts through inhibition of electron 
transport between Photosystem 1 and Photosystem 2. The aim of this study was to evaluate the effect of 
atrazine on photosynthetic efficiency of the symbiotic algae of two species of coral (Acropora formosa and 
Montipora digitata). Experiments were conducted at a concentration range of 1 to 1000µg L-1 atrazine. 
Two separate experiments were conducted, a 24 hour experiment to determine EC50 values and a 5-day 
experiment to examine the longer term response. The 24h EC50 values for photosynthetic inhibition were 
similar (~50µg L-1 atrazine) for both species. Although the EC50 values were similar, all A. formosa corals 
exposed to ≥300µg L-1 atrazine died, whereas no mortalities were observed in M. digitata but colonies 
lost their symbiotic dinoflagellates and bleached. Intratspecific variability in the response of corals to 
the herbicides was minimal in the short term, but not in the long term. As the algae from the different 
species responded in a similar manner throughout, the interspecific variability is more likely to be due 
to a host-related factor rather than an algal-related factor. Initial experiments have been conducted to 
monitor herbicide levels in Queensland waters (Moreton Bay, Gladstone Harbour and Heron Island) using 
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novel passive sampling devices. Herbicides were detectable in samples 
from all sites (but not in control samples which were samplers left in 
purified water). Preliminary data suggests that the exposure concentration 
of the herbicide diuron in Gladstone Marina and Moreton Bay during 
the period of passive sampler deployment is of the order of 50ng L-1 
whereas at Heron Island diuron concentrations are an order of magnitude 
lower (~1-5ng L-1). Further investigations into both levels of herbicides 
reaching marine waters and the impacts of these herbicides on both corals 
and seagrasses are currently being undertaken as part of a PhD project.

Enhancing the Ecological Basis for Conservation 
Management of Dugongs using Satellite Telemetry

Sheppard, James K.*, Lawler, Ivan & Marsh, Helene
School of Tropical Environment and Marine Studies, James Cook University, Townsville, Queensland, 

4811 (James.Sheppard@jcu.edu.au) 

This project aims to quantify fine-scale foraging activities of dugongs in the Great Barrier Reef region 
of Australia in order to develop a grazing model that will describe where and when dugongs feed, why 
they choose those areas and the costs and benefits involved in doing so. This will be done with a view 
to enhancing the ecological basis for conservation management of this threatened flagship species. 
Dugongs are seagrass specialists and understanding the interaction between dugongs and their food 
supply is crucial to their conservation. The seagrasses on which dugongs depend are extremely variable 
in abundance, community structure and chemical composition over small and large spatial and temporal 
scales. A central hypothesis of this study is that the spatial distribution and diet composition of dugongs 
is influenced by the nutrient availability, and hence diet quality, in seagrasses. I aim to determine 
whether a relationship exists between dugong selectivity for specific seagrass species and habitats that 
correlates with seagrass nutrient content. Studying the interaction between dugongs and their seagrass 
food requires knowledge of the movements and diving behaviour of dugongs at scales relevant to 
both dugongs and managers. This has not been possible in the past because of the difficulties of direct 
observation of dugongs and the low resolution of telemetric equipment. This project capitalises on recent 
developments incorporating accurate GPS technology into tracking equipment to monitor the habitat use 
of wild dugongs at very high resolution. This will provide the ability to model and map dugong habitat 
use in the inshore waters of the Great Barrier Reef and adjacent Hervey Bay and to assess the relative 
importance of different seagrass meadows and parts of meadows to dugongs at scales that are suitable for 
informing policy on the management of human activities including boating and commercial gill netting.
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Boating Activity in the Rottnest Island 
Reserve, Western Australia

Smallwood, Claire B. & Beckley, Lynnath E.*

School of Environmental Science, Murdoch University, Murdoch, 

Western Australia, 6150 (lbeckley@essun1.murdoch.edu.au)

The Rottnest Island Reserve is located 18km west of Fremantle in 
the warm temperate waters of Western Australia. It is visited by 
approximately 0.5 million people per year, of which an estimated 150,000 
arrive by private vessel, making the reserve the most popular offshore 
boating destination in WA. A stratified survey collecting information on 

the numbers and types of boats visiting the reserve, and the activities undertaken by the passengers, has 
been conducted since January 2003. Results so far reveal high numbers of vessels visiting the reserve, 
especially on public holidays, with >700 boats recorded on Australia Day and the March Labour Day 
long weekend. Excluding long weekends, there is a general decline in numbers of boats visiting the island 
from summer to winter. A significant difference in numbers of boats is also evident between weekends 
and weekdays. In addition to the mooring areas designated by the Rottnest Island Authority, boats visit 
other areas around the island to participate in a range of activities. SCUBA diving, fishing and crayfishing 
appear to be the most popular activities conducted, although surfers are often transported by boats to 
the many surfing locations around Rottnest Island. This survey is the first attempt to provide data to aid 
the Rottnest Island Authority in decision making with respect to management of boating at the island.

Management of the dolphin watching industry in Port 
Stephens, NSW: a need for regulation

Smith, Holly2*, Waples, Kelly1,2, Mitchell, Brett2 & Allen, Simon2

1NSW National Parks and Wildlife Service, Hurstville, New South Wales, 2220. 2Marine Mammal 
Research Group, Macquarie University, Graduate School of the Environment, Sydney, New South 

Wales, 2139 (holly@webace.com.au)

The dolphin watching industry in Australia has expanded considerably in recent years. This has generated 
concern over the potential disturbance of targeted populations. In Port Stephens, the resident bottlenose 
dolphins (Tursiops aduncus) are the focus of the most intensive commercial tourism operations on the 
NSW coast. The NSW National Parks and Wildlife Service (NPWS) is responsible for the management 
of marine mammals, however, it does not have a regulatory system in place for commercial dolphin 
watching. Currently, only a voluntary code of conduct developed by the Port Stephens Commercial 
Dolphin Watching Association (PSCDWA) is used to manage this industry. The effectiveness of the code 
was assessed in a recent study for the NPWS. Data on dolphin watching vessel activity was collected 
on 32 days over the peak summer period. The study found that individual commercial vessels spent an 
average of 18min (n=844, SE=23sec) with dolphin groups, and 13.5% (n=114) of interactions were over 
the 30min limit stipulated in the code. Further, dolphin groups were exposed to continuous interaction 
by multiple vessels for 48min 10sec on average (n=94, SE=2min 53sec) and a maximum of 2h 22min. 
Although the code states that a maximum of two vessels should interact with a dolphin group at any one 
time, an average of 2.3 vessels (n=923, SE=0.04) with a maximum of ten, were observed interacting with 
dolphin groups. The inconsistent compliance to the code indicates that the code must be re-evaluated and 
that a regulatory system may be required. Without enforced regulations vessel activity could have negative 
impacts on the dolphin population and jeopardise the sustainability of the dolphin watching industry.
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Assessing the potential for using Pacific 
humpback dolphin vocalisations to 
estimate relative abundance

Smith, Joshua* and Peter Corkeron1 

School of Life Sciences, University oif Queensland, St Lucia, 

Queensland, 4072 (s4048598@student.uq.edu.au),1 James Cook 
University

Assessing the abundance of a population is one of the fundamental 
requirements of effective wildlife management, particularly in near-
shore coastal environments affected by human activities. Determining 
this for marine mammals, however, is often logistically difficult and expensive. The potential application 
of acoustic surveys for obtaining estimates of abundance is a relatively new technique being explored 
for delphinid populations. Acoustic surveys have the potential for being a simple, cost-effective 
technique. In this study, the potential for using vocalisations as a tool for estimating the abundance of 
inshore cetaceans was explored for Pacific humpback dolphins (Sousa chinensis). Acoustic recordings 
of humpback dolphins were made in conjunction with visual observations of group size from a land-
based observation platform at Amity Point on North Stradbroke Island off Brisbane. The relationship 
between the mean number of calls per three-minute sample period and the number of dolphins observed 
within the group was determined using linear regression analyses. A significant relationship was 
found between the number of dolphins present and number of vocalisations produced, and this was 
strongest when using all call types and including the presence of mother-calf pairs. This demonstrates 
that simple techniques using vocalisations can provide estimates of relative abundance for one species 
of inshore cetacean and should be developed to assess its usefulness for studying other species.

Rapid assessment of invertebrate biodiversity on rocky 
shores: where there’s a whelk there’s a way

Smith, Stephen D. A.
School of Environmental Science and Natural Resources Management, University of New England, 

Armidale, NSW, 2351, Australia
National Marine Science Centre, Bay Drive, Coffs Harbour, NSW, 2450, Australia. Email: 
ssmith@nmsc.edu.au

The lack of basic species inventory data for most marine habitats in Australian waters currently hampers the 
objective management of marine biodiversity. As it is impractical to survey all species in all habitats, there 
is a clear need to find reliable indicator taxa that can be targeted in marine conservation studies, providing 
cost-effective data for planning and monitoring. Using the rocky shores of the Solitary Islands Marine Park 
(SIMP) as a model, macroinvertebrate communities were evaluated to determine if any of the main taxa: i) 
accurately reflected the ecological patterns of other taxa and of the total community; and ii) could be used 
to confidently predict total biodiversity. Surveys, which were conducted at all major headlands and rock 
platforms within the SIMP, involved recording and scoring all taxa ≥ 10 mm during replicated 30 minute 
search periods. The data for molluscs, and in particular prosobranchs, showed the highest concordance with 
those for the total community indicating that mollusc distributions closely reflect broad ecological patterns on 
rocky shores in the region. In addition, using a simple regression model, mollusc species richness was found 
to be an accurate predictor of total species richness at the scale of the headland. Molluscs are widespread and 
easily sampled, with stable taxonomy and well known ecology relative to other marine invertebrate taxa. 
Their use as indicators of total biodiversity shows great potential for future marine conservation studies.
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The Representative Areas Program: 
progress towards protecting biodiversity

Stapleton, Kate*

Conservation, Biodiversity and World Heritage Group, Great Barrier 
Reef Marine Park Authority, PO Box 1379, Townsville, Queensland, 

4810 (kates@gbrmpa.gov.au) 

Less than 5% of the Great Barrier Reef Marine Park (the Marine Park) 
is currently protected from extractive use within ‘no take’ areas (Green 
and Pink Zones). This level of protection is not sufficient to maintain the 
biological diversity and ecological integrity of the Marine Park into the 

future. In recognition of the inadequate level of protection currently afforded to the Marine Park, the Great 
Barrier Reef Marine Park Authority is implementing the Representative Areas Program (RAP). The RAP 
aims to identify distinct bioregions and ensure that they are adequately protected within a network of ‘no 
take’ areas. RAP has required rezoning the entire Marine Park and provides an opportunity to develop a 
consistent reef wide framework for managing use, including research. The first formal phase of community 
participation for RAP was conducted last year and analysis of the 10190 submissions received has been 
completed. The Draft Great Barrier Reef Marine Park Zoning Plan 2003 was developed and publicly 
released on 2 June 2003 and the second formal community participation phase on the Plan is currently 
underway. This presentation will focus on the consultation and planning processes used for the RAP. 

Thermal Stratification in the Great Barrier Reef: A handle 
on Coral Bleaching

Steinberg, Craig1 & Choukroun, Severine2*

1Australian Institute of Marine Science, PMB No. 3, Townsville, Queensland, 4810. 2Institut des 
Sciences de l’Ingénieur de Toulon et du Var, BP 56–83182 La Valette Cedex, France (c.steinberg@a
ims.gov.au)

Elevated Sea Surface Temperature (SST) is the primary stress for corals that lead to bleaching. This 
occurred over significant areas of the Great Barrier Reef (GBR) during 1998 and 2002, each successive 
event being the most widespread and intense on record. The 1998 event was characterised by warming in 
the central coastal and inner lagoon of the GBR, whereas in 2002 the whole Coral Sea experienced elevated 
temperatures. The significance of these events both locally and globally have driven a significant research 
effort at AIMS. NOAA AVHRR SST imagery has provided an excellent method to assess the spatial and 
daily development of heating over the GBR. However, little work has focussed on characterising the 
distribution of temperature down and into the water column. The Generalised Ocean Turbulence Model 
(GOTM) was applied to investigate this process. It is a one-dimensional water column model that allows 
the thermodynamics, hydrodynamics and the resultant turbulence to be modelled. Here we show the 
development of these extreme events in the central GBR where AIMS has a network of weather stations 
across the continental shelf. The air-sea heat balance and the effects of mixing by winds, tides and currents 
have been modelled and verified against temperature loggers. By understanding the mixing processes 
– surface hot waters can be dissipated or redistributed throughout the water column alleviating the thermal 
stress through wind or tidal mixing. A time sequence of the development of the thermal stratification 
building up to the bleaching events and subsequent mixing that alleviates the stress is presented. Results 
show the effects of only short bursts of heating during doldrums-like conditions (no wind, clear skies) 
can lead to temperature exceeding coral bleaching thresholds. Mathematical modelling of the turbulent 
mixing to the water column will help understanding and lead to predicting future Coral Bleaching events.
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The cost of chemical defence in marine 
red algae

Steinberg, Peter1*, Dworjanyn, Symon, Wright, Jeff2, 
Paul, Nick, de Nys, Rocky3, Pavia, Henrik4

1School of Biological, Earth & Environmental Sciences, University of 
New South Wales, Sydney, New South Wales, 2052. 2Department 
of Biological Sciences, University of Wollongong, New South 
Wales, 2522. 3School of Marine Science & Aquaculture, James 
Cook University, Townsville, Queensland, 4811. 4Tjarno Marine 

Laboratory, University of Goteborg, Stromstad, Sweden (p.steinber
g@unsw.edu.au)

The concept of a cost of defence is fundamental to theories for the evolution of defences against consumers. 
However, the evidence for a cost of plant chemical defences is mixed, and often indirect. This is particularly 
true for marine macroalgae (seaweeds), for which all inferences of cost to date rely on phenotypic correlations 
between one class of secondary metabolites (brown algal phlorotannins) and growth (or, in one instance, 
fecundity). No studies of the cost of seaweed chemical defence have incorporated both the genetic background 
of the plants as a factor or experimentally manipulated the presence of secondary metabolites. We measured 
the cost of halogenated metabolites to the red seaweeds Delisea pulchra (furanones) and Asparagospis 
armata (bromoform) in three ways: (a) phenotypic correlations between concentrations of furanones 
and fecundity in field collected thalli; (b) genotypic or phenotypic correlations between concentrations 
of furanones or bromoform and growth for clones of thalli grown from tetraspores in the laboratory or 
the field, and; (c) by comparing growth rates of thalli for which furanone production was experimentally 
inhibited (furanone +) vs. thalli which produced furanones (furanone - ). Two of our three tests – correlations 
between furanones and fecundity, and the growth of furanone (+) vs. furanone (-) thalli – indicated a cost 
of furanones to D. pulchra but genotypic correlations between furanones and growth did not. We suggest 
that these apparently conflicting results are consistent with the apical growth form of these algae, and may 
further result from a cost of furanones only being manifested at critical developmental stages or times of 
tissue differentiation. We have now begun to model the interaction between metabolites and growth in 
apically growing algae, and initial predictions from the model are consistent with our experimental results.

How good are abiotic surrogates for predicting patterns in 
macrobenthic communities at the local scale? Implications 
for marine protected area design

Stevens, Tim* & Connolly, Rod M.
School of Environmental and Applied Sciences, Griffith University, PMB 50 Gold Coast Mail Centre, 

Qld, 9726 (t.stevens@griffith.edu.au)

Habitat mapping at the scale at which marine protected areas are designed and managed is essential for 
assessment of, and design for, representation. Most habitat mapping studies rely solely or in part on abiotic 
surrogates for patterns of biodiversity. The utility of abiotic variables in predicting biological distributions 
at the local scale (10s of km) was tested in a remote video survey of macrobenthos in Moreton Bay, 
southeast Queensland. Habitat classifications of the same set of 41 sites based on six abiotic variables 
and abundances of 89 taxa and bioturbation indicators were compared using correlation, regression and 
ordination analyses. The concepts of false homogeneity and false heterogeneity were defined to describe 
types of errors associated with using abiotic surrogates to construct habitat maps. At best, abiotic surrogates 
explained less than 30% of the pattern of biological similarity. Errors of false homogeneity were between 
20 and 62%, depending on the methods of estimation. Predictive capability of abiotic surrogates at the 
taxon level was poor, with only 6% of taxon / surrogate correlations significant. These results have 
implications for the widespread use of abiotic surrogates in marine habitat mapping to plan for, or assess, 
representation in Marine Protected Areas. Abiotic factors did not discriminate sufficiently between 
different soft bottom communities to be a reliable basis for mapping. The study also demonstrated the 
use of off-the-shelf technology to carry out a relatively inexpensive survey of benthos at the local scale.
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Upwelling and contrasting growth rates 
and stable isotope composition of larval 
fishes

Iain Suthers, Shinji Uehara and Augy Syahailatua
School of Biological, Earth and Environmental Sciences, 
University of New South Wales, Sydney, 2052, NSW E-mail: 

I.Suthers@unsw.edu.au
Two research cruises to an upwelling system off the northern NSW 
coast revealed a striking contrast in the growth rates of larval fish. 
Larval pilchard, Sardinops sagax had significantly reduced growth 

in the upwelling zones off Diamond Head compared to larval pilchards from non upwelling zones 
to the north. Parallel early life history with the pilchard in another western boundary current system 
– the Kurishio - provides a clue, as to the importance of nutrient upwelling. Growth rates of pilchard 
larvae were correlated with their stable isotope signatures (15Nitrogen and 13Carbon), on both cruises, 
linking the growth rates with a different diet. In contrast, two larval carangids, Pseudocaranx dentex 
and Trachurus novaezelandiae had significantly faster growth in the upwelling zone compared to non-
upwelling zones, and with consistent changes in their isotope signatures. As food limitation and growth are 
important predictors of survival, upwelling of nutrient rich water is not necessarily optimal for all species.

Induction of metamorphosis in larvae of the sea urchin 
Holopneustes purpurascens by histamine isolated from its 
host plant Delisea pulchra

Swanson, Rebecca*1, Williamson, Jane3, de Nys, Rocky4, Kumar, Naresh2 & 
Steinberg, Peter1

1- School of Biological, Earth and Environmental Sciences and Centre for Marine Biofouling and Bio-
innovation (CMBB), University of New South Wales 2052
2- School of Chemistry and CMBB, University of New South Wales 2052
3- Department of Biological Sciences, Macquarie University 2109
4- School of Marine Biology and Aquaculture, James Cook University 4811

The red alga Delisea pulchra exudes a chemical cue that induces metamorphosis in larvae of the sea urchin 
Holopneustes purpurascens.  The cue was isolated and characterised as a complex between the sugar floridoside 
and isethionic acid (known as the F-I complex).  Further research by our group found the identification of the 
chemical cue was incorrect.  Following purification by cation-exchange chromatography the true identity of 
the chemical cue was elucidated with 1- and 2-dimensional nuclear magnetic resonance spectroscopy and 
mass spectrometry.  The cue in D. pulchra was identified as histamine, a trace contaminant in the previous 
F-I complex samples.  Histamine isolated from D. pulchra and synthetic histamine at 0.5 µg ml-1 induced 
metamorphosis in 100 % of H. purpurascens larvae within an hour while 0.1 - 0.25 µg ml-1 histamine induced 
variable, low levels of metamorphosis.  Initial experiments suggest that histamine is produced by the alga and 
not surface-associated bacteria.  Quantitative analysis of the histamine content of the two main host plants 
of H. purpurascens is consistent with recruitment patterns and size distributions of this urchin in the field.
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Species transitions in shallow-water 
coral assemblages – does cover matter?

Tanner, Jason
SARDI Aquatic Sciences, PO Box 120, Henley Beach, SA 5022.

Email: tanner.Jason@saugov.sa.gov.au

Rates of transition between different coral taxonomic groups at Heron Island 
were examined to determine if they varied in relation to the percent cover of 
the groups involved. There were clear indications that some transition rates 
were strongly dependent on cover over the period from 1962-1989, whereas 
others remained constant. In particular, the amount of free space available 
was strongly related to the ability of some species groups to colonise free space and/or displace other groups. 
While transition rates could either increase or decrease as a function of cover, in many cases they peaked 
at an intermediate level of cover, as demonstrated for example by the transition from free space to algae, 
or bushy acroporids to pocilloporids. Despite some strong relationships, however, models of community 
dynamics showed that making transition rates dependent on cover had little effect on the final equilibrium 
cover of individual species groups, although it did strongly influence the more important transitory dynamics.

A genetic tool for identification of Dugong sex

Thompson, Katherine1, Waycott, Michelle1, Blair, David1 & McDonald, 
Brenda1,2*

1School of Tropical Biology, and 2School of TESAG, James Cook University, Townsville, Queensland, 

4811 (Brenda.Mcdonald@jcu.edu.au)

The dugong (Dugong dugon) is one of only four extant sirenian species. Dugongs inhabit shallow 
tropical and sub-tropical regions of the Indo-Pacific where they feed on seagrasses. Like other sirenians, 
dugongs are regarded as vulnerable to extinction with loss and degradation of habitat the most important 
threatening factor. Despite past and current studies there remains a lack of information regarding aspects 
of dugong population biology. Few data exist on natural sex ratios, sex-biased mortality and dispersal 
rates. The aim of the study was to exploit what is known about gender-specific genomic regions of 
other mammals to explore the feasibility of a molecular sexing technique for dugongs, with possible 
applications for other paenungulate taxa. Previous sex identification studies in mammals have used as 
markers the ZFX/ZFY and SRY genes. In this study the ZFX/ZFY exon 11 was the region analysed. 
Sequences were obtained and a sex-specific restriction site was identified. The restriction enzyme 
RsaI differentially cut the male (ZFY) and female (ZFX) sequences producing sex- specific fragment 
patterns when digested PCR product was run on a gel. The development of a molecular sexing technique 
in dugongs has major management implications. It allows an analysis of pre-existing samples taken 
from dead individuals and of DNA from faecal samples. This method will further allow the surveying 
of natural population sex ratios and sex-biases in mortality rates throughout the dugongs range.
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Testing the adaptive feeding hypothesis: 
an assessment using four species of 
epilithic algal matrix grazing fish

Townsend, Kathy A.1,2* 
1Centre for Marine Studies, The University of Queensland, St. Lucia, 
Queensland, 4072. 2Current address: Moreton Bay Research Station, 

P.O. Box 138, Dunwich, Queensland, 4183 (Kathy.Townsend@uq.ed
u.au)

To investigate the validity of assumptions inherent in the Adaptive Feeding 
Hypothesis (AFH), we investigated the feeding rate in four species of coral 

reef grazing fish (Pomacentrus wardi, Salarius fasciatus, Chlorurus sordidus and Ctenochaetus striatus) 
that all feed on the same food source, the epilithic algal matrix (EAM). Bite rate counts gathered over 
daylight hours from four seasons and over three years were compared with the nutrient content of the EAM 
(photopigments, total carbon, organic carbon, nitrogen, energy, calcium carbonate and C:N ratio), to test for 
relevant correlations. Two of the assumptions of the AFH were supported. Photosynthetic activity of EAM 
changed in a predictable pattern through the day and grazing activity of the four fishes all followed a similar 
temporal pattern. No evidence could support of the final two (and possibly most important) assumptions of 
the AFH, the presence of a positive correlation between photopigments and nutrient levels and the positive 
correlation between nutrient concentrations of the EAM and ingestion rate. Of the four photosynthates and 
six nutrients tested in the dietary EAM, there was only a weak positive correlation between chlorophyll a 
and organic carbon. No other significant positive or negative correlations were detected between any of the 
other photosynthates and nutrients. No evidence was found for a positive correlation between bite rate and 
nutritional value of the dietary EAM for any of the species tested. The only correlation detected between bite 
rate and nutritional value occurred for P. wardi, which had negative correlations with % carbon, organic carbon 
and chlorophyll a. Since important predictions inherent in AFH were not met, this study tentatively provides 
support for an alternative model, the inverse quality consumption hypothesis (IQCH) The IQCH proposes 
that grazers increase their feeding rate to compensate for decreased nutrient concentrations of the food source.

Using macroalgae to monitor changes in sewage impact in 
Moreton Bay

Udy, James1* & Longstaff, Ben2

1Marine Botany, Centre for Marine Studies, The University of Queensland, St Lucia, Queensland, 

4072. 2Environmental Protection Agency, Brisbane, Queensland (j.udy@uq.edu.au)

The Ecosystem Health Monitoring Program in Southeast Queensland (EHMP) evaluates the effectiveness of 
management actions that strive to improve and protect waterways by reducing human impacts. The EHMP 
estuarine and marine program uses traditional water quality parameters and new approaches to determine if 
zones of human impact are increasing or decreasing. This talk will focus on the use of the red macroalgae 
Catanela as an indicator of zones impacted by sewage nitrogen. This algae has been used for the last five 
years to monitor the regional extent to which sewage nitrogen impacts on marine and estuarine habitats in 
the Brisbane River and Moreton Bay and is currently used to monitor brackish to saline sites throughout 
the waterways of S.E. Queensland. The Catanela is collected from a site in eastern Moreton Bay, which has 
minimal impact from sewage nitrogen and relatively low δ15N values (1.6‰ ± 0.5) and deployed for four days 
at the EHMP monitoring sites. After this short term deployment the algae are collected and their δ15N values 
range between 1 and 10‰, with the higher δ15N values indicating a higher proportion of sewage nitrogen 
being contributed to the marine ecosystem at these sites. This indicator has been very useful in prompting 
politicians to upgrade sewage treatment plants as well as monitoring significant reductions in the impact 
sewage nitrogen is having on ecosystems in Bramble Bay following STP upgrades over the last five years.
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DNA fingerprints and repeated large 
scale surveys suggest very slow growth 
and recovery in over-fished holothurians 
(Holothuria nobilis) on the Great Barrier 
Reef

Uthicke, S.1 & Benzie, J.A.H.2

1Australian Institute of Marine Science, PMB No 3, Townsville, 
Queensland, 4810. 2Centre for Marine and Coastal Studies, 
University of New South Wales, Sydney, New South Wales, 2052 

(svenu@gbrmpa.gov.au)

To investigate the potential for recovery of over fished bêche-de-mer stocks on the Great Barrier Reef 
(GBR), we conducted field surveys on 24 reefs after fishery closure, modelled total virgin biomass and 
compared this to the total amount fished. In addition, we estimated individual growth rates using a new 
DNA fingerprinting technique. Two years after fishery-closure in 1999, no recovery of Holothuria nobilis 
stocks on reefs previously open to fishing was observed. Densities on reefs protected from fishing since 
the onset of the fishery in the mid 1980’s remained on a level four to five times higher then on fished 
reefs. Based on these density estimates and GIS information on the total habitat area of each reef we 
calculated that the virgin biomass (in the main fished area between 12º and 19º S) was about 5,5000t, 
which is now reduced to about 2,5000t. The reduction is in the same order as the total amount fished 
between 1987 and 1999 (2000 to 2500t). DNA analysis of samples on three locations collected at three 
times indicated high recapture rates of fingerprinted and released individuals of H. nobilis. Fitting growth 
curves with Francis’s growth function indicated that medium sized individuals (1kg) grew at 35-533g x 
yr-1, whereas large animals (2.5kg) consistently shrank. Small animals (<500g) where rarely observed. 
In combination, these data indicate that production of H. nobilis stocks is very low, presumably with low 
mortality, low recruitment and slow individual growth rates. Consistent with anecdotal evidence, recovery 
of GBR H. nobilis stocks may take several decades and a highly conservative management is suggested.

Application of quantitative real-time RT-PCR to measure 
the effect of stress on gill-associated virus (GAV) infection 
levels in Penaeus monodon

de la Vega, Enrique1,2*, Degnan, Bernie2, Hall, Mike1, Cowley, Jeff 3 & Wilson, 
Kate1

1Australian Institute of Marine Science, PMB 3, Townsville, Queensland, 4810. 2Department of Zoology 
and Entomology, The University of Queensland, St Lucia, Queensland, 4072. 3CSIRO Livestock 
Industries, Queensland Bioscience Precinct, 306 Carmody Road, St. Lucia, Queensland, 4067 

(e.delavega@aims.gov.au)

Gill-associated virus (GAV) is a virulent pathogen of black tiger prawns (Penaeus monodon) that is thought 
to be responsible for periodical production losses since 1996. Subclinical or chronic GAV infection is 
almost universally present in wild and farmed P. monodon along the east coast of Australia. There are 
no discernible clinical signs during chronic infection in which GAV is restricted primarily to spheroid 
bodies within the lymphoid organ. However, the virus can cause an acute infection state that involves 
other tissue types and that is associated with morbidity and mortalities. At present the environmental 
stressors and physiological mechanisms that trigger this transition from a chronic to acute infection remain 
poorly understood. The ultimate goal of this research is to identify specific environmental conditions or 
stressors that can induce acute infection and associated disease among P. monodon chronically infected 
with GAV. Such knowledge will allow Australian tiger prawn farmers to better monitor and manage critical 
pond environmental conditions likely to induce GAV disease and mortalities. As a first step toward this 
goal, we report here the development and use of a real-time (rt)-RT-PCR test to quantify GAV loads in 
different prawn tissues at various times following environmental changes intended to induce stress. It was 
assumed that the accurate quantification of viral RNA would allow us to monitor elevations in infection 
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levels leading to acute disease. In initial trials, the rt-RT-PCR has been 
used to examine the effects of hypoxic, osmotic and severe handling 
stress on GAV loads in different tissues of individual prawns over time. 
Moreover, cumulative mortalities among stressed groups compared to 
control groups were recorded and correlated to viral load data generated 
using the rt-RT-PCR. The results of these experiments will be discussed.

Seasonal growth and condition of 
Antarctic Ice Krill

Virtue, P.1*, Nicol, S.2, King, R.2, McGaffin, Angela2, Davenport, Stephanie2 & 
Nichols, P.3

1Institute of Antarctic and Southern Ocean Studies, University of Tasmania, Hobart, Tasmania. 
2Australian Antarctic Division, Tasmania. 3CSIRO, Division of Marine Research, Tasmania 

(virtue@utas.edu.au)

Despite undetectable levels of food in the water column in winter, Euphausia crystallarophias were large, had 
high lipid levels and exhibited positive growth. The fatty acid and sterol profiles in krill reflected seasonal 
trophic interactions in the ice edge community. Lipid levels over the season to a certain degree reflected 
growth rates. Using the ‘Instantaneous growth rate technique’ developed for E. superba, E. crystallarophia’s 
growth rates in spring and summer were higher (5-10% size increase per moult) than in winter (<2% size 
increase per moult). The size of the digestive gland, an index of recent feeding, reflected seasonal food 
availability. This organ occupied a greater percentage of the carapace in spring and summer compared to 
winter. Laboratory investigations were conducted to determine how ice krill cope with a limited food supply 
in terms of lipid class and fatty acid content and composition. In combination these laboratory and field studies 
demonstrate how this key species has successfully adapted to the extreme Antarctic ice-edge conditions.

Crustacean shell colour formation and the “white” phase of 
the Western Rock Lobster, Panulirus cygnus

Wade, Nick1*, Degnan, Bernie1, Wilson, Kate2, Hall, Mike2 & Melville-Smith, 
Roy3
1Zoology Department, The University of Queensland, St Lucia, Queensland, 4072. 2Australian 
Institute of Marine Science, Cape Ferguson, Townsville, Queensland, 4810. 3Western Australian 

Marine Research Laboratories, North Beach, Western Australia, 6020 (nwade@zen.uq.edu.au)

Juvenile western rock lobsters modify their shell colour from deep red to a pale pink during a mass 
migration to deeper breeding waters. This colour change and subsequent migration coincides with the 
time when a large proportion of the annual quota is caught. Termed the ‘white’ phase by the industry, these 
lobsters have a decreased market value and results in a multi-million dollar loss to the industry annually. 
The aim of this project is to characterise this ‘white’ phase. Although it may be an adaptive evolutionary 
strategy to provide camouflage during their migration, the project aims are to discover the molecular 
mechanism underlying the cause of this phenomenon. There is strong evidence to suggest that it is unrelated 
to carotenoids per se, which are obtained from their diet. Although shell colour requires the carotenoid 
astaxanthin, the observed colour is due to the complex of astaxanthin and carotenoid binding proteins 
(CBPs). Depending on the interaction between CBP subunit and astaxanthin, the colour may be pink, red, 
blackish red or blue. To date we have successfully isolated carotenoid binding proteins from lobster shells 
and created an antibody that specifically recognises them. We have also identified two genes encoding 
CBP subunits. Through the analysis of gene expression and protein prevalence, we have demonstrated that 
shell colour production in P. cygnus requires similar molecular components to that previously observed 
in the clawed lobster Homarus gammarus and that there are significant differences in the amounts of 
carotenoid binding protein in red and white lobsters. These differences support the proposition that the 
colour differences observed in the ‘white’ phase of P. cygnus is chiefly related to genetics and not diet.
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The effect of sponge allelochemicals on 
endofaunal communities: A field test 
using sponge mimics

Walker, Simon1*, Skilleter, Greg1, Garson, Mary2 & 
Degnan, Bernie3
1Marine and Estuarine Ecology Unit, Department of Zoology & 
Entomology, 2Department of Chemistry, 3Department of Zoology & 
Entomology, University of Queensland, St Lucia, Queensland, 4072 

(swalker@zen.uq.edu.au)

Poriferans are prominent members of the reef community and many are 
known to produce potent secondary metabolites. Despite the presence of these chemicals, diverse invertebrate 
communities have been found inhabiting sponge interstitial spaces. The structure of these communities is 
known to vary between sponge species and morphologies. Two congeneric coral reef sponges, Haliclona 
sp. 628 and Haliclona sp. 1031 (both new to science), were selected for this study, as both the chemical 
composition and morphology is known to differ between these species. Diverse endofaunal communities 
also occupy these sponges, and despite often growing in close proximity, the communities inhabiting these 
sponges are known to vary. To separate out the effects of variation in sponge chemistry and morphology, 
we created artificial sponges (‘mimics’) by impregnating dried sea sponges of equivalent morphology 
with potentially allelopathic secondary metabolites extracted from the two Haliclona species. The mimics 
were deployed on Heron reef flat (23º27’S, 151º55’E) to expose spatially variable populations of potential 
recruiters to the sponge chemicals across two habitat types at three sites, for a period of 10 days. To examine 
whether the allelochemicals were present for the duration of the experimental period, we re-extracted crude 
extracts from a number of sponge mimics deployed in the field to determine the rate of chemical attrition, and 
also tested bioactivity using larval assays of the ascidian Herdmania curvata. Results from these bioassays 
showed that the metabolites leached from the mimics and caused identical effects on larval metamorphosis 
and development as the initial sponge extracts. Analysis of the mimic endofaunal communities revealed 
that a range of taxonomic groups recruited into the mimics, however there was no variation between 
treatments, suggesting that a range of animals are able to tolerate the presence of allelochemicals. 
Further work is required to ascertain the full range of taxa that are able to tolerate allelochemicals.

Ontogenetic colour change and the role of the ocellus 
in damselfish (Pomacentridae): Does it function as 
‘intraspecific camouflage’ ?

Waller, Samantha J.*, Siebeck, Ulricke E. & Marshall, N. Justin
Vision, Touch and Hearing Research Centre, School of Biomedical Sciences, The University of 

Queensland, St Lucia, Queensland, 4072 (s.waller@uq.edu.au)

Many species of coral reef fish display different colours and patterns during their various life phases. 
Despite these changes being extremely striking, their role in the behavioural ecology of reef fish is not well 
understood. In families of reef fish that include highly territorial species, it has been hypothesised that the 
striking colour changes function as ‘intraspecific camouflage’ allowing juveniles to go unrecognised as 
competitors by adults. It has also been noted that ocelli or ‘eyespots’ tend to be most common on juveniles 
that most closely resemble the adults, which again has been interpreted as a mechanism of camouflaging 
species membership. This hypothesis was tested behaviourally using the damselfish Pomacentrus 
amboinensis. The damselfish P. amboinensis appears yellow in coloration and juveniles have an ocellus 
on the posterior part of the dorsal fin. The reflectance spectra of the study species were examined as there 
are some aspects of coloration that are beyond the perception capabilities of the human colour vision 
system. Behavioural experiments were conducted with P. amboinensis (focal species) and Dischistodus 
perspicillatus (heterospecific species) during which the attack frequency of an adult focus fish towards 
combinations of juvenile and adult conspecific and heterospecific stimulus fish were recorded. Preliminary 
results reveal that size of the stimulus fish is a significant factor in the aggression levels of an adult fish, 
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and that males are more than twice as aggressive as females towards other 
adult fish, regardless of size. The raw data suggest that P. amboinensis 
were more likely to attack adult conspecifics than heterospecifics, however 
they attacked juvenile conspecifics and heterospecifics at about the same 
rate. This suggests that juvenile P. amboinensis may exhibit some form of 
intraspecific camouflage, but further trials are required to verify this and 
go some way to answering the question “Why do reef fish change colour ?”

Bacteria from the surface of coralline 
algae induce settlement by larvae of the common sea 
urchin Heliocidaris erythrogramma

Watson, M.J.1,2*, Williamson, J.E.3, de Nys, R.4, Kjelleberg, S.1 & Steinberg, 
P.D.1,2

 1School of Biological, Earth and Environmental Sciences, 2Centre for Marine Biofouling and 
BioInnovation, University of NSW, Sydney, New South Wales, 2052. 3School of Biological Sciences, 
Macquarie University, Sydney, New South Wales, 2109. 4James Cook University, School of Marine 

Biology & Aquaculture, Townsville, Queensland, 4810 (megan.watson@student.unsw.edu.au)

Settlement and metamorphosis of the common sea urchin Heliocidaris erythrogramma were tested in 
response to a range of marine surfaces found in the adult habitat. These included algal species from the 
Rhodophyta, Chlorophyta and Phaeophyta and inanimate surfaces such as rocks and shells and seawater. 
The settlement response was significantly higher to the coralline algal species Corallina officinalis, 
Amphiroa anceps and crustose coralline algae (CCA) than to all other co-occurring surfaces. The response 
to these coralline algae was significantly reduced when the algae were treated with antibiotics, suggesting 
that bacteria on the surface of the algae play an important role in induction of settlement. In this study, 
we attempt to close part of the gap that currently exists between studies of bacterial settlement cues and 
molecular microbiology. We used denaturing gradient gel electrophoresis (DGGE), a powerful tool enabling 
analysis of microbial communities, to track the effect of antibiotic treatments on bacteria from the surface 
of coralline algae. This manipulated algal surface was presented to competent H. erythrogramma larvae, 
and a corresponding decrease in larval settlement was recorded. We also tested single isolates cultured 
from the surface of coralline algae, and the settlement response of H. erythrogramma to single isolates. 
Recruitment across various habitat types was measured in the field during December 2002 through to May 
2003. We conclude that marine surfaces have distinct bacterial communities and that those present on the 
surface of the coralline algal species C. officinalis, A. anceps and CCA play an important role in larval 
settlement of the sea urchin H. erythrogramma. Our study is one of the first to employ current molecular 
techniques for microbial community analysis in the study of the settlement of a marine invertebrate.
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Fisheries environmental assessments 
- Working towards an ecologically 
sustainable future

Weaver, Karen*

Sustainable Fisheries, Environment Australia, GPO Box 787, 
Canberra, ACT, 

2601 (Email:  karen.weaver@ea.gov.au)

The Australian Oceans Policy, released in 1998, announced the 
Australian Government’s intention to require environmental 
assessment of Commonwealth managed fisheries and to remove the 
general exemption for fisheries from the export permit requirements of environmental legislation. 
The purpose is to independently audit the environmental performance of Australian fisheries to ensure 
that they are managed in an ecologically sustainable way. This means that fishery managers must 
ensure that the impacts of fishing on target, bycatch, byproduct and protected species and the wider 
marine environment are sustainably managed. The long-term economic viability of fisheries, and their 
continuing role in supporting communities, depends on governments, industry and communities working
together to ensure that fishing practices are ecologically sustainable. This presentation provides an 
overview of the Commonwealth environmental assessment requirements and shows how some of 
the outcomes of these assessments are being integrated into the management of Australian fisheries.

Rare earth element geochemistry of calcareous sponges 
(Calcinea and Calcaronea) and the calcified demosponge 
Spirastrella (Acanthochaetetes) wellsi: Implications for 
biomineralization processes

Webb, Gregory E.1* & Wörheide, Gert2

 1School of Natural Resource Sciences, Queensland University of Technology, Brisbane, 
Queensland, 4001. 2Geoscience Centre Göttingen, Department of Geobiology, Goldschmidtstr. 3, 

37077 Göttingen, Germany (ge.webb@qut.edu.au)

Calcareous sponge skeletons consist of Mg-calcite spicules, whereas the calcified demosponge Spirastrella 
(Acanthochaetetes) wellsi has silica spicules and a Mg-calcite basal skeleton. Differences in stable O 
and C isotope incorporation in calcareous sponge spicules and demosponge basal skeletons suggest 
important differences in biomineralization processes in the groups. Trace elements may provide additional 
information on biomineralization processes. The shale-normalised rare earth element and yttrium (REE+Y) 
distribution of the Acanthochaetetes basal skeleton has seawater-like features, including: (1) high REE 
concentrations (mean ΣREE = 1.36 ppm); (2) uniform light REE depletion (mean PrSN/YbSN = 0.25) 
compared to 0.21 for shallow Coral Sea seawater; (3) negative Ce and positive La anomalies; (4) high Y/
Ho ratio (mean 49.9); and 5) positive Gd (mean Gd/Gd* = 1.14) and Er (mean Er/Er* = 1.16) anomalies. 
Partition coefficients are uniformly high across the entire mass range (DREE Acanthochaetetes/ seawater 
= 484, excluding Ce). Shale-normalized REE+Y patterns of calcareous sponge spicules (Calcaronea 
and Calcinea) are highly variable, less coherent, and much lower in concentration (mean ΣREE = 79 
ppb). The specimens have seawater-like LREE depletion (PrSN/YbSN = 0.19-0.33), positive La and 
negative Ce anomalies, and superchondritic Y/Ho ratios (Y/Ho > 39.3), but pronounced positive Nd 
and negative Gd anomalies are atypical of seawater. Hence, although Calcaronea and Calcinea cannot 
be distinguished on the basis of REE behaviour, REE geochemistry can aid in differentiating them from 
demosponges. We hypothesize that Acanthochaetetes skeletons take up cations in equilibrium with 
ambient seawater, with no active Ca2+ transport by the sponge. Conversely, the REEs in the spicules of 
Calcarea indicate that biomineralization is partially isolated from ambient seawater, which is consistent 
with intercellular formation in a sheath, and that sclerocytes play some role in providing Ca2+ ions to 
the site of mineralization. That transport mechanism discriminates against REE in a non-uniform way.
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Microbial Symbionts and Their 
Distribution in the Sponge 
Candidaspongia flabellata 
(Dictyoceratida)

Webb, Richard1* and Burja, Adam 2

1Centre for Microscopy and Microanalysis and Department of 
Microbiology and Parasitology, University of Queensland, St Lucia 4072 
2Department of Chemical and Process Engineering, The University of 
Sheffield, Sheffield S1 3JD, UK
E-mail: r.webb@uq.edu.au

Candidaspongia flabellata, a dictyoceratid sponge, is found on the Great Barrier Reef at depths between 
10 and 30 metres. It is a relatively large foliose sponge up to 25cm high and 35cm wide. However, it is 
extremely thin, being only 3-4.5mm thick. Internally it possesses a distinct thin cortex on either side and 
a homogeneous inner region. Both cortex layers consist basically of sand grains in a collagen network. 
The soft internal tissue is supported by a spongin network. No sand grains are found in this region. This 
sponge contains a rich fauna of symbiotic microorganisms. Cyanobacteria are prevalent within the tissue 
of the central region being found amongst the choanocyte chambers. They are never seen in the cortex 
areas. These appear to be members of the Oscillatoriaceae. No other bacterial cells occur in this central 
region. However, associated with all sand grains in the cortex are large numbers of bacterial cells. These are 
non-cyanobacterial bacteria or archaea. The distribution of these cells was strictly within the cortex. A wide 
variety of different morphotypes are present. They were always closely associated with the sand grains, 
contained within a sheath surrounding each grain. It appears that they are involved in the breakdown of the 
sand. Grains in all states of dissolution can be seen with bacteria penetrating deep within them. Free sand 
grains taken from the substrate adjacent to a sponge were shown to also have a small bacterial biofilm and 
similar morphotypes to those in the sponge were seen. It is therefore likely that the bacteria are acquired 
with the sand grains. The role of the symbionts and their distribution within the sponge will be discussed.

Measured and Modelled Phytoplankton Production in Four 
NSW Coastal Lagoons

S. Wellman1*, A. Redden1, D. Rissik2, P. Scanes3 
1School of Applied Sciences, University of Newcastle, PO Box 127, Ourimbah, NSW, 2258 Australia

2Estuaries Branch, DIPNR, GPO Box 39, Sydney, NSW, 2001 Australia
3Water Sciences, NSW EPA, PO Box A290, Sydney South 1232, Australia
E-mail samdavepaul@smartchat.net.au

Abstract Planktonic primary production rates, photosynthetic parameters and water quality parameters 
were compared in four coastal lagoons with varying degrees of catchment development, from near 
pristine to heavily developed, in NSW, Australia. Near-monthly measurements were conducted over 
two-years from 2001-2003; during this period, a year of average precipitation was followed by a year 
of very low rainfall. Interestingly, in three of the four lagoons, annual primary production was higher 
in the drought year than in the year with average rainfall. Lagoons with developed catchments showed 
considerably higher maximum production rates (Pmax) and annual production per m3 than lagoons with 
near-pristine catchments. Estimates of lagoon-wide carbon fixation ranged from 536 to 13,900 tonnes per 
year. Annual carbon production estimates, compared between near-monthly and intensive (day-to-day) 
seasonal measurements were not significantly different. Chlorophyll-normalised production (Pbmax) and 
the slope of the photosynthesis-irradiance relationship (α), which are indicators of production efficiency, 
were highest in the lagoon with the greatest catchment development. For all lagoons, trends in seasonal 
planktonic production appear to be most influenced by temperature and light attenuation (Kd). Production 
increased with increasing temperature, Kd was lowest in winter and highest during summer. Production 
rates were generally lowest in winter and highest during spring. Strong relationships were found between 
Pmax and chlorophyll-a biomass (R2 = 0.72) and between light attenuation (Kd) and Secchi depth (R2 



162

Abstracts - AMSA2003

163

Abstracts - AMSA2003

= 0.82). A phytoplankton production model for coastal lagoons was 
developed using chl-a measurements, Secchi depths and an average α. 
The estimates derived from the model of annual phytoplankton production 
were compared with estimates from measured rates of production. The 
model underestimated by 20% the annual phytoplankton production in 
the lagoon with the most developed catchment; in contrast, the model 
overestimated production by 12% in a lagoon with moderate catchment 
development and 23-39% in lagoons with near-pristine catchments.

The trophic importance of crab-processed mangrove 
organic matter to the pelagic food chain in mangrove 
waterways

Werry, Jonathan M.* & Lee, S.Y.
School of Environmental & Applied Sciences, Griffith University Gold Coast, Queensland, 9726 

(j.werry@griffith.edu.au)

Sesarmid crabs are the most significant initial consumers of mangrove leaf litter in many tropical and sub-
tropical mangroves and produce significant quantities of processed mangrove organic matter in the form of 
faecal material. The utilisation of this material and its potential for fuelling a coprophagous pelagic food 
chain is the subject of investigation in this study. Relative contribution of crab faecal material to micro-
particulate organic matter (micro-POM) in mangrove waterways in Southeast Queensland was evaluated 
using carbon and nitrogen stable isotope analysis. Low C/N ratios (<10) and δ13C values indicated a 
significant contribution of crab faecal material to micro-POM in mangrove waterways with increasingly 
greater contributions from other sources (e.g. anthropogenic and phytoplankton) in the river channels. The 
potential significance of the crab-processed material in initiating a coprophagous food chain was assessed 
by feeding experiments using the pelagic copepods Temora turbinata and Oithona rigida, common nearshore 
and estuarine copepods in S.E. Queensland. Temora turbinata and O. rigida individuals fed with crab faecal 
material or a mixture of faecal material and the alga Nannochloronopsis sp. maintained significantly higher 
survivorship than their counterparts in the Nannochloronopsis sp. only treatment and no food control. A 
two member mixing model applied to the stable isotope analysis data indicated that T. turbinata attained 
a significantly higher proportion of its nutrients from crab faecal material than the alga in the mixed diet 
treatment. Oithona rigida showed some signs of isotopic fractionation, but the results were less clear-cut than 
for T. turbinata. These investigations indicate the significance of crab faecal material in mangrove trophic 
ecology and its importance in forming the basis of a coprophagous food chain contributing to mangrove 
secondary production by pelagic copepods, such as T. turbinata and O. rigida, in mangrove waterways.
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Using passive integrated transponders 
(PITs) as permanent markers in 
population studies of the New Zealand 
Sea Lion, Phocarctos hookeri

Wilkinson, Ian. S.*

Department of Conservation, Science and Research Unit, 
P.O.Box 10420, 65 Victoria Street, Wellington, New Zealand 

(iwilkinson@doc.govt.nz)

Individual identification is fundamental for many behavioural and 
ecological studies. The most widespread technique currently in use to 

mark pinnipeds is flipper tagging. While easy to read, tags can become illegible and be lost preventing 
the ongoing identification of an individual. The development of Passive Integrated Transponders (PITs) 
offers an alternative/back up method of marking. PITs were used in conjunction with flipper tags over 3 
consecutive years (1999/2000 to 2001/2002) to mark New Zealand sea lion (Phocarctos hookeri) pups 
at Enderby Island, Auckland Islands. Checks of pups 4 weeks after marking showed PIT failure rates of 
9.8%, 4.0% and 7.8%, which contrasted with single tag loss rates of 0.3%, 0.2% and 0.5% in the same 
years. In addition to observed failure rates in this study, the high cost of PITs relative to other marking 
methods, levels of disturbance to the marked animals (and others in close proximity) required to read PITs, 
risks of infection for animals marked with PITs, and risks to researchers due to close approach required to 
read PITs should all be carefully considered prior to commencement of any study utilising this technique.

Recruitment versus post-recruitment: The role of chemical 
cues in determining the demography of a sea urchin

Williamson, Jane1*, de Nys, Rocky2, Carson, David3 & Steinberg, Peter3

1Department of Biological Sciences, Macquarie University, New South Wales, 2109. 2School of 
Marine Biology and Aquaculture, James Cook University, Queensland, 4811. 3School of Biological, 
Earth and Environmental Sciences, and Centre for Marine Biofouling and Bio-innovation, University 

of New South Wales, Sydney, New South Wales, 2052 (jwilliamson@bio.mq.edu.au)

The relationship between the preference of an organism recruiting onto a host plant and its subsequent 
performance in terms of survival, growth and reproduction on that host is a central theme in evolutionary 
ecology, especially for terrestrial systems. In marine systems, chemical cues associated with macroalgae 
are known to influence both recruitment of larval herbivores and the feeding and performance of benthic 
juveniles and adults. The sea urchin Holopneustes purpurascens commonly lives within the fronds of 
two macroalgal hosts, the chemically rich red alga Delisea pulchra and the kelp Ecklonia radiata and is 
affected by different types of chemical cues from these plants during different stages of its life history. 
Larvae metamorphose to a specific polar cue exuded from D. pulchra. In contrast, feeding, growth and 
reproduction of new recruits, juveniles and adults are greatly reduced on this host compared to E. radiata. 
Experiments with artificial diets show that the feeding deterrence on D. pulchra is due (at least in part) to 
non-polar secondary metabolites – halogenated furanones – in the plant. These experiments are supported 
by the size distribution of urchins in the field: recruits are most common on D. pulchra and large urchins 
occur almost exclusively on E. radiata. This suggests that post-recruitment movement from D. pulchra to 
E. radiata by these urchins is crucial to their fitness in these habitats. Consistent with this model, movement 
(although constrained by predation) is greater in beds of D. pulchra than in forests of E. radiata. Therefore, 
H. purpurascens recruits onto a host plant that does not support persistence of the benthic phase and then 
shifts host plants, incurring a predation risk. Though such chemically mediated, ontogenetic shifts in host 
plant use are known for a variety of insect herbivores, this is the first such example for a marine herbivore.
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Development of in vitro propagation 
techniques for Australian seagrasses

Wilson, Julia* & Bennett, Ian
Centre for Ecosystem Management, Edith Cowan University, 

Joondalup, Western Australia, 6027 (juliagwilson@hotmail.com)

Seagrasses play a significant role in marine ecosystems by recycling nutrients 
and their ecological roles have been extensively studied. Despite this, little 
is known about their growth requirements and even less about propagation 
techniques. We have initiated four species of Australian seagrass, Halophila 
ovalis, Posidonia australis, P. coriacea and P. sinuosa, into tissue culture by 
sterilizing seeds. Cultures of H. ovalis have been maintained for five years on a medium containing 
1⁄2 MS basal salts, 60mM sucrose, 20g.l-1 SIGMA sea salts, 10mM 3-(N-Morpholino) propane-sulfonic 
acid, and 5µM kinetin at pH 7.0 while P. australis and P. coriacea have only survived for 12 months 
and P. sinuosa only three months. The parameters we have tested include subculture length, seawater 
medium, salinity, hormones, substrate, carbon source, nitrogen source, pH, buffers, temperature and 
light. The parameter found to improve growth of H. ovalis is maintenance of pH through buffers and 
more recently, the source of nitrogen. For P. coriacea, carbon source was found to improve growth. 
The protocol we have developed is unusual with regard to micropropagation systems as whole 
plants are maintained with leaves, rhizomes and roots throughout the culture period. In addition, 
due to the aquatic nature of these plants, it is possible to measure oxygen evolution as an indicator 
of photosynthesis. This provides a unique opportunity to readily measure the parameters that are 
important for the development of autotrophic growth. This will lead to a better understanding 
of the growth requirements of these plants and increase the success of transfer to the field.

Phylogeny of Chromodoris (Mollusca, Gastropoda, 
Nudibranchia) based on 16S rRNA, and the utility of gaps

Wilson, Nerida G.1* & Lee, Michael S.Y.2

1Centre for Marine Studies, University of Queensland, St Lucia, Queensland, 4072. 2Department 
of Environmental Biology, The University of Adelaide, and Earth Sciences Section, The South 

Australian Museum, North Terrace, Adelaide, South Australia, 5000 (nwilson@marine.uq.edu.au)

The phylogeny of the nudibranch genus Chromodoris was reconstructed based on partial 16S rRNA, and 
identified three major clades. Two southern temperate taxa (Chromodoris ambiguus and C. alternata) 
group with Cadlina species, rendering Chromodoris paraphyletic. The remaining two clades appear 
to be diagnosable on the basis of egg mass structure; one group lays planar spiral egg masses and the 
other lays upright spiral egg masses. There is strong geographic correlation with subclades in the tree, 
suggesting that shared colour patterns in sympatric Chromodoris species might be the result of phylogeny 
rather than mimicry. Mediterranean species all share a pink background colour while southeastern 
Australian endemics all possess a white background colour. The clade that lays planar egg masses 
all share (with the exception of C. aspersa) longitudinal black stripes or swathes. The incorporation 
of sequence gap information (treating gaps as a fifth base) increased clade support and resolution.
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Origin and diversification of ‘living fossil 
sphinctozoan’ sponges (Vaceletia spp.). 
Did they come from the deep ?

Wörheide, Gert1, Hooper, John N.A.2 & Reitner, 
Joachim1

1Department of Geobiology, Center of Earth Sciences, University of 
Göttingen, Goldschmidtstr.3, 37077 Göttingen, Germany. 2Queensland 
Museum, PO Box 3300, South Brisbane, Queensland, 4101 

(gert.woerheide@geo.uni-goettingen.de)

Coralline sponges (formerly also called ‘sclerosponges’), were primary 
reef-builders for much of Earth’s early marine history, but were eventually replaced by a coralline algae-
scleractinian coral community during the lower Cretaceous (140MYA). Coralline sponges were thought 
to have been extinct since the end of the Cretaceous (70MYA) until the rediscovery at the turn of the 19th 
century and several decades ago of a few ‘relict’ species living in shallow water reef caves of the Indo-Pacific 
and Caribbean, and more recently also on the deeper fore-reefs. The taxon itself (Stylothalamia/Vaceletia) 
occurred first in the Middle Triassic (Ladinian, 220MYA) with a continuing fossil record to modern days. 
In this study we focus on a group of ‘living relict’ coralline sponges, Vaceletia spp., previously assigned 
to a mostly fossil ‘Phylum Sphinctozoa’ or chambered sponges, and now included in the demosponge 
Porifera. A solitary form, Vacelatia crypta Vacelet, 1977, lives in shallow water caves throughout the Indo-
Pacific, including the Great Barrier Reef (although found only on reefs with a certain geomorphology). A 
colonial form, which has retained its reef building capacity, was discovered by French scientists on the deep 
fore-reef of New Caledonia during the 1970s, and more recently we discovered several different colonial 
morphotypes in shallow water reef caves of Osprey, Shark and Bougainville Reefs, as well as the North 
Astrolabe Reef in Fiji. However, phylogenetic and taxonomic relationships between all those morphotypes 
remained enigmatic based solely on morphometric data. We have now analysed nuclear ribosomal DNA 
sequences allowing us to explore more accurately whether distinct Vaceletia morphotypes represent different 
species, and from where lineage diversification occurred. Our results have also important implications 
for the interpretation of the systematic relationships of fossil chambered ‘sphinctozoan’ sponges.

Impact of omnivorous leatherjackets (fam. 
Monacanthidae) on shallow estuarine seagrass meadows 
in NSW – a novel method for gut content analysis

Wressnig, Anna1*, McIntyre, Cameron2 & Booth, David1

1Institute for Water and Environmental Resource Management, Department of Environmental 
Sciences, University of Technology, Sydney, Westbourne Street, Gore Hill, New South Wales, 2065. 
2Department of Chemistry, Division of Environmental and Life Sciences, Macquarie University, North 

Ryde, New South Wales, 2109 (Anna.Wressnig@uts.edu.au)

We are investigating both the direct (removal of biomass) and indirect (influence on nutrient cycling) impacts 
of two omnivorous leatherjacket species (Meuschenia trachylepis and Meuschenia freycineti) on Posidonia 
australis seagrass meadows, as well as the nutritional role of seagrass in the diet of the two monacanthids. 
We are using gut content analyses and laboratory feeding experiments to assess seasonal patterns of grazing 
pressure and are assessing indirect impacts by determining changes in nutrient ratios (i.e. N:P) in food and 
faeces of the fish. Additionally, a new method of gut content analysis is being developed. This method uses 
thermochemolysis with tetramethyl ammonium hydroxide to detect biomarkers in the various sources of fish 
food. This method will offer a precise, chemical, analysis of gut contents and will be a valuable alternative to 
the currently used methods, such as the points method and volumetric method. A pilot study has found that 
each of the major food source of the fish used in the study (seagrass, epiphytes, epifauna) contain biomarkers 
which can be used to determine approximate proportions in the gut. Biomarkers used so far include fatty 
acids, cutin and lignin. We will discuss the applications of the method and present some preliminary data.
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Caulerpa taxifolia invasion in New South 
Wales: the benefits to leaving home

Wright, Jeff*

1Department of Biological Sciences, University of Wollongong, New 

South Wales, 2522 (jeffw@uow.edu.au)

Invasive species are great threat to ecosystems worldwide. Understanding 
the factors determining their success in the non-native habitats is essential 
for their management. The green alga Caulerpa taxifolia is a high profile 
marine invader and has invaded a number of non-native areas throughout 
the world. As a first step to understanding its invasion in New South Wales, 
I compared demographic and life-history traits in native tropical and subtropical populations to invasive 
temperate populations. There were important differences between native and invasive populations but also 
some differences among invasive populations. In general, invasive populations had a much greater density 
of stolons, fronds, asexually produced propagules (resprouting fronds) and biomass/m2 compared to native 
populations. In addition, invasive populations had more stolons in the size range that corresponded to the 
size range of resprouting fronds. All of these results are consistent with the hypothesis that high levels of 
asexual fragmentation contribute to the success of invasive C. taxifolia. However, a relatively low level 
of resprouting fronds occurred in some invasive populations indicating mechanisms driving invasion 
of C. taxifolia may be site- and/or genotype-dependent. A greater understanding of both the causes and 
consequences of fragmentation in C. taxifolia should enhance our current understanding of its invasion.

Contribution of a bird rookery to an estuarine nutrient 
budget.

Wright, Kelly
School of Biological, Earth and Environmental Science, The University of New South Wales, Sydney 

2052. Email: kelly.wright@student.unsw.edu.au

Guano from bird rookeries may provide a significant source of nutrients in estuaries, particularly for 
ecosystems already under nutrient stress from agricultural run-off and sewage. Pelican Island, a 500 
m2 sandbar island in Wallis Lake on the mid north NSW coast became a roosting site for pelicans, 
cormorants, terns, gulls and swans in 1980-1983, and currently has a population of 300 – 500 birds. 
Significantly higher ammonia and phosphate concentrations were found in waters surrounding Pelican 
Island than waters 2 km away from the island. Further, increased algal growth occurred on settlement 
plates deployed near to the island after a period of 10 days, compared to plates deployed 1 – 2 km away. 
At two sites where swans were abundant, the stable isotopic signature of the seagrass Posidonia australis 
was similar to the signature of swan guano. The pygmy mussel, Xenostrobus securis, exhibited significant 
changes in δ15N and δ13C over a two month mooring deployment near the island, which was not related 
to Pelican Island. These isotopic signatures are likely due either to anthropogenic nutrient sources, 
including dairy nutrient run-off or terrestrial sources. I estimate that the bird colony contributed <1% 
of nutrients to the lake compared to the catchment load. However, the potential exists for a significant 
contribution of nutrients from a bird colony in an estuary one tenth the area of Wallis, with enhanced water 
residency as in a closed lagoon, or if the population should return to previous levels of >800 pelicans.
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Characterising Chemo-attractants from 
Penaeid Prawns

Neil Young & Mike Hall
Australian Institute of Marine Science, Cape Ferguson, Townsville 4810

One of the most commonly used methods to harvest Crustacea 
is pot traps, for example crabs and lobsters.  Although the vast 
majority of penaeid prawns are harvested by trawling some 
species will enter food baited pots although they do not do so to 
a sufficient degree to make it economically viable. As part of a 

project to examine alternative bait technologies we are investigating 
chemical attractants associated with reproduction, the pheromones.  
Chemical communication is the most important means of intra- and inter-species interactions within 
the marine environment.  Pheromone production has been demonstrated in a diverse range of marine 
organisms including Crustacea.  We have shown that, in one species of Penaeid prawn, the male is 
more chemo-sensitive than the female. This dimorphism in chemo-sensitivity only arises at sexual 
maturity and suggests the use of pheromones released by females to assist males in mate location. 
Small peptides are often produced by marine organisms  as signal molecules.  Urine was collected from 3 species 
of Penaeid prawn at various points in the moult cycle.  Urine peptide profiles were examined with a Superdex 
(Pharmacia) small peptide column comparing differences in species, sex and moult stage.  We were able to 
distinguish between species and sex.  Variations in peptides produced from different species and different sex 
suggests they could be used as signal molecules when released into the marine environment.  Samples will 
now be run on an LCMS-MS to increase the sensitivity of the analysis and characterise the compounds present.

Environmental records in coral reefs of the South China Sea

Yu, Ke-Fu1,2*, Zhao, Jian-Xin2 & Collerson, Kenneth D.2
1South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301, 
China. 2Advanced Centre for Queensland University Isotope Research Excellence, The University of 

Queensland, St Lucia, Queensland, 4072 (kefuyu@scsio.ac.cn)

South China Sea (SCS) is the biggest closed marginal sea of the western Pacific, with abundant coral reefs 
spreading across a latitudinal range of 16º. Our on-going research of these reefs focuses on the following 
aspects: (1) High-resolution geochemical proxies for SST and El Nino. Combined monthly-resolution coral 
skeletal (from the northern coast of SCS) δ18O, δ13C, Sr/Ca, and Mg/Ca records reveal annual cycles 
similar to instrumental sea surface temperatures (SST). C-O isotopic analysis of a 50-year Porites lutea 
core from the southern SCS shows that coral δ18O is a good proxy for SST. The δ18O profile reveals 
that 1972-1976 saw an abrupt change in ENSO system towards warmer and wetter conditions. (2) Mid-
Holocene abrupt climate oscillations. Study on a 3.42m thick Goniopora reef profile at the northern coast 
of SCS suggests that at least nine large-amplitude and abrupt cold naps, termed ‘Leizhou Events’, occurred 
during the Holocene warm period (corresponding to 14C age of 6.3-6.7 kaBP or calendar age of 6.8-7.3 
kaBP), evidenced by nine episodes of sudden death of flourishing Goniopora corals in winter-time. The 
mean summer Sr/Ca-SST for this period was similar to that of the 90’s, but the mean winter Sr/Ca-SST 
was 3-4ºC lower, probably due to stronger winter monsoons. (3) Holocene seal-level high-stands. TIMS U-
series ages of a coral reef show that multiple sea-level high-stands (3.0-3.8m above modern level) occurred 
during Holocene. (4) Storms-cycles in the last millennium. Investigations on storm-relocated large Porites 
coral blocks from the southern SCS indicate that during the last 1000 years, at least six strong storms 
occurred at 1064±30, 1210±5-1201±4, 1336±9, 1443±9, 1685±8-1680±6, 1872±15 A.D., respectively, 
with an average 160-year cycle (110-240 years). The last storm resulted in the mortality of the reef flat 
corals dated at ~130 years ago, suggesting that the storm had significant impacts on coral reef ecology of 
this area. (5) Corals mortality and growth recovery. Based on TIMS U-series dating, at least four times of 
Porites mortalities since 1791 were recognized in the southern SCS, while in the northern coast of SCS, 
coral reef recovery was found to have occurred since the late 1980s, probably related to winter warming.
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Holocene multiple sea-level highstands 
recorded in the coral reef at Leizhou 
Peninsula, northern South China Sea

Zhao, Jian-Xin1*, Yu, Ke-Fu1,2 & Collerson, Kenneth D.1
1Advanced Centre for Queensland University Isotope Research 
Excellence, The University of Queensland, St Lucia, Queensland, 
4072. 2South China Sea Institute of Oceanology, Chinese Academy 

of Sciences, Guangzhou 510301, China (j.zhao@uq.edu.au)

Tropical coral reefs are ideal indicators of past sea levels. In this study, we 
report 48 thermal ionisation mass spectrometric 230Th ages for 46 in situ 
Porites coral samples (most samples elevations relative present modern low spring tide were also measured) 
from a reef terrace at Leizhou Peninsula, northern coast of South China Sea. The results show that major coral 
growth occurred during six periods: (1) 7,104 ± 32 to 6,285±39 years BP with elevations relative to modern 
low spring tide at 219-279cm; (2) 5,826±37 to 5,647±30 years BP with an elevation at 252cm; (3) 5,009±53 
year BP; (4) 4,156±23 to 3,540±11 years BP with elevations at 196-246cm; (5) 2,759±14 to 2,509±10 years 
BP with elevations at 207-226cm; and (6) 1,915±15 to 1,511±24 years BP. About 60% of the dated samples 
were formed during the period of 7100-6600 years BP, when post-glacial global sea level was stabilised and 
conditions for coral growth were ideal. Considering the facts that (1) the dated samples were measured at 
elevations of 196-279cm above modern low spring tide, (2) most massive modern Porites corals in the South 
China Sea are living at least 100cm below low spring tide, and (3) crustal subsidence in the region since mid-
Holocene was negligible, we conclude that high sea-levels of 3.0-3.8m above the present-day level were 
reached when the above corals were formed and the highest sea-level occurred during 7100-6600 years BP.


