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Upcoming events 

9th Annual NZOA workshop – 8th July 2016 

Thank you to all of those that submitted abstracts for the upcoming workshop. The program is coming together and 

we will send it out once we have the last few things finalised.  

If you would like to attend the 9th NZ Ocean Acidification workshop please fill in this form online at: 

https://docs.google.com/forms/d/1enabkaObRep0aWR2C7d8woLjzwVDLw-TLRwSguwOpvs/viewform 

AMSA-NZMSS conference - Sharing Ocean Resources Now and in the Future – 4-7th July 2016 
 

https://innovators.eventsair.com/QuickEventWebsitePortal/nzmss-amsa-2016/home  

Session 3.4 is relevant to Ocean acidification and will be held on the last day of the conference – Thursday 7th. 
Session 3.4: Preparing for climate change: it is one thing to understand what changes are taking place in the ocean in 
response to climate change but marine decision-makers continue to be daunted by what can be done to mitigate 
and prepare for changes in their own EEZ. Scope of presentations sought: Effects of climate change on resource 
management; the positives and negatives of climate change and ocean acidification on marine industry and other 
sector interests and obligations. Biosecurity in a changing ocean environment.  

2016 Gordon Research Conference: Ocean Global Change Biology - 17-22 July 2016 

Deadline for applications: 19 June 2016! 

This meeting will build on the inaugural 2014 Gordon Research Conference, which explored the “Interactive Effects 
of Multiple Global Change Variables”, by providing a thematic framework to categorize the myriad different 
responses of marine organisms to ocean global change. Such a framework is needed to map the current boundaries 
of our understanding of this fledgling research field. Together, a wide range of ocean observations, modelling 
simulations and the findings from manipulation experiments reveal diverse responses to ocean global change. The 
responses extend from no change to pronounced detrimental or beneficial effects on marine life, regardless of 
whether they are microbes or apex predators. Organismal responses manifest themselves in many different ways – 
from physiological acclimation to microevolution – and collectively provide insights into foodweb responses to 
complex changes in oceanic conditions. Further information. 

News 

GOA-ON (http://www.goa-on.org/)  
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Kim Currie (NIWA) has recently joined the SOLAS-IMBER Working Group on Ocean Acidification, which also provides 
scientific leadership and advice to the OA-ICC.  Kim also will join Libby Jewett (NOAA, USA) as co-leaders of the 
Global Observational Network activity of the OA-ICC. Kim attended her first meeting earlier this month, held in 
Hobart prior to the Oceans in a High CO2 World Symposium. Congratulations Kim.  

Following the Ocean in a High CO2 World conference in Tasmania at the very beginning of May, we held the third 
science workshop for the Global Ocean Acidification Observing Network (GOA-ON) at the CSIRO Marine Laboratories 
in Hobart. The meeting included 135 people from 37 nations who gathered to figure out how to expand the 
monitoring of ocean acidification around the globe to better understand it.  Thanks to some very special donors, The 
Ocean Foundation was able to sponsor the travel of scientists from countries with limited monitoring capacity to 
attend this meeting. 

Ultimately, GOA-ON seeks to be truly global and representative of many ecosystems, able to collect and compile 
data and translate it to be responsive to both science and policy needs.  This meeting in Hobart was to help the 
Network go from defining the requirements for network data, and its own governance, to a plan for full 
implementation of the network and its intended outputs.  Issues to be covered were: 

 Updating the GOA-ON community on GOA-ON status and linkages to other global programs 
 Building communities to develop regional hubs that will facilitate capacity building 
 Updating requirements for biology and ecosystem response measurements 
 Discussing modeling connections, observational challenges and opportunities 
 Presenting advances in technologies, data management and products 
 Gaining input on data products and information needs 
 Gaining input on regional implementation needs 
 Launching the GOA-ON Pier-2-Peer Mentorship Program 

At The Ocean Foundation, we are working creatively to grow the funding to build participation and capacity of 
developing countries in the Global Ocean Acidification Observing Network by supporting technology, travel, and 
capacity building.  Thus we hope to use our Friends of GOA-ON account to increase ocean acidification monitoring 
and reporting capacity in Africa, the Pacific Islands, Latin American, the Caribbean, and the Arctic (areas where there 
are huge information and data gaps, and communities and industries highly dependent on the ocean).  We will do 
this by building capacity in data poor regions for local scientists, distributing monitoring equipment, building and 
maintaining a central data platform, mentoring scientists, and facilitating other network activities. 

To read the rest of the article go to Article. Mark J. Spalding, The Ocean Foundation, 20 May 2016.  

JCM Marine and Ocean Theme activities roll on across the Tasman – Di Tracey

            

A US/NZ Joint Commission Meeting (JCM) Marine and Ocean Theme, Ocean Acidification Activity side-meeting was 
held in Hobart during the recent International Symposium on the Ocean in a High-CO2 World. With our tri-partite 
focus to collaborate and align our activities in the South Pacific Region, several Australian researchers also attended 
the side-meeting. We discussed how NZ researchers have improved communication and monitoring for the national 
shellfish aquaculture industry, offshore and coastal observation sites to collect regional carbonate chemistry data 
and development of models, and the need for mentoring and technology training in the SW Pacific. These issues 
were discussed in much more detail at the Global Ocean Acidification Observing Network (GOA-ON) Workshop. 
Having key US representatives, such as Libby Jewett (NOAA, head of GOA-ON), participating in the side-meeting was 
very useful as she overlaps with both the NZ and the Australian JCM’s. Meeting attendees were:  

NZ: Cliff Law, Di Tracey, Kim Currie, Vonda Cummings (NIWA); Mary Sewell (University of Auckland); Zoe Hilton 
(Cawthron); James Bell (Victoria University of Wellington); Miles Lamare (University of Otago). 

US: Libby Jewett (NOAA & GOA-ON co-chair), George Waldbusser (Oregon State Uni), Janet Newton (University of 
Washington).  US/ Samoa: Tommy Moore (SPREP) 

https://www.oceanfdn.org/blog/creating-network-forecast-ocean-acidification


Australia: Bronte Tilbrook (CSIRO, ACECRC & GOA-ON co-chair, Andrew Lenton, Nick Hardman-Mountford (CSIRO) 
Karen Evans (CSIRO & CLIOTOP Scientific Steering Committee, c/o IMBER, Bergen, Norway).  

Apologies: Gretchen Hoffman (UC Santa Barbara); Norman Ragg (Cawthron); Beth Fulton, Alan Williams, Ron 
Thresher (CSIRO).  
We thank MBIE for funding support for the side-meeting activity. 

COP21 - Implications of the Paris agreement for the ocean.  

In the aftermath of COP21, potential post-2030 emission trajectories and their consistency with the 2 °C target are a 
core concern for the ocean scientific community in light of the end-century risks of impact scenarios. Magnan A. K., 
et al. 2016.  Nature Climate Change. Article (subscription required). 

Selection of reports and recent papers from the SW Pacific  

The functional response of the Antarctic bivalve Laternula elliptica to ocean warming and acidification. This thesis examines 
how Laternula elliptica adults are affected over medium-term (5-mo) timescales by SO warming and acidification. Adult L. 
elliptica collected from Cape Evans in McMurdo Sound, Antarctica, were subjected to combinations of temperatures and pHs 
predicted for the SO by 2050 and 2100 (Temperatures: -1.4°C (control); -0.5°C; +0.5°C. pHs: pH 8.00 (control); pH 7.85; pH 7.65). 
L. elliptica were assessed at 5 wk and 5 mo to determine their cellular, metabolic, and whole-organism responses to 
temperature increase and/or pH decrease. Survival parameters such as final survival percentage, survival curves, and time to 
50% survival (LD₅₀) were compared among treatments. L. elliptica survival was severely reduced by warming of only 1-2°C above 
summer ambient temperatures. Physical and physiological condition indices were calculated to assess health, and show changes 
in shell and body tissue mass. Physical condition stayed similar amongst all treatments at both time points, while physiological 
condition decreased significantly at 5 mo with elevated temperature. Oxygen (O₂) consumption was measured as a proxy for 
standard metabolic rate to show whether animals had acclimatised to conditions. O₂ consumption was significantly negatively 
correlated with physiological condition, and increased, becoming more variable, with both elevated temperature and lowered 
pH. This indicated that L. elliptica experienced increased metabolic demand in response to these conditions, and there was a 
general lack of acclimation to these conditions over time.Overall, pH had no significant effect on survival, metabolic rate, or 
condition. Heat shock protein 70 (HSP70) gene expression levels were measured to provide a preliminary indication of how the 
heat shock response of L. elliptica responds to both elevated temperature and reduced pH. Lowered pH appeared to stimulate 
an up-regulation of HSP70 gene expression at both time points, although this was smaller at 5 mo. L. elliptica did not seem to 
display a heat shock response at environmentally realistic levels of warming. Overall, warming resulted in lowered survival and 
condition loss with no sign of acclimation after 5 mo. These responses occurred at smaller degrees of warming than are typically 
considered lethal for L. elliptica, indicating that successful longer-term maintenance is more thermally limited than short-term 
survival in this species. While physical (shell) condition was maintained in undersaturated conditions under both elevated 
temperature and reduced pH, this maintenance occurred alongside increased O₂ demand. Maintaining the aragonitic shell in 
combination with increased metabolic activity may have contributed to the decline in physiological (body mass) condition 
observed in L. elliptica. In combination, the results of this experiment indicate that warming of the SO may be more important 
than ocean acidification to the survival and functioning of adult L. elliptica. Everett Hempel S. M., 2016. MSc thesis, Victoria 
University of Wellington, 126 p. Thesis. 

Biological responses to environmental heterogeneity under future ocean conditions. Organisms are projected to face 
unprecedented rates of change in future ocean conditions due to anthropogenic climate-change. At present, marine life 
encounters a wide range of environmental heterogeneity from natural fluctuations to mean climate change. Manipulation 
studies suggest that biota from more variable marine environments have more phenotypic plasticity to tolerate environmental 
heterogeneity. Here, we consider current strategies employed by a range of representative organisms across various habitats – 
from short-lived phytoplankton to long-lived corals – in response to environmental heterogeneity. We then discuss how, if and 
when organismal responses (acclimate/migrate/adapt) may be altered by shifts in the magnitude of the mean climate-change 
signal relative to that for natural fluctuations projected for coming decades. The findings from both novel climate-change 
modelling simulations and prior biological manipulation studies, in which natural fluctuations are superimposed on those of 
mean change, provide valuable insights into organismal responses to environmental heterogeneity. Manipulations reveal that 
different experimental outcomes are evident between climate-change treatments which include natural fluctuations vs. those 
which do not. Modelling simulations project that the magnitude of climate variability, along with mean climate change, will 
increase in coming decades, and hence environmental heterogeneity will increase, illustrating the need for more realistic 
biological manipulation experiments that include natural fluctuations. However, simulations also strongly suggest that the 
timescales over which the mean climate-change signature will become dominant, relative to natural fluctuations, will vary for 
individual properties, being most rapid for CO2 (~10 years from present day) to 4 decades for nutrients. We conclude that the 
strategies used by biota to respond to shifts in environmental heterogeneity may be complex, as they will have to physiologically 
straddle wide-ranging timescales in the alteration of ocean conditions, including the need to adapt to rapidly rising CO2 and also 

http://dx.doi.org/10.1038/nclimate3038
http://hdl.handle.net/10063/5049


acclimate to environmental heterogeneity in more slowly changing properties such as warming. Boyd P. W., et al.,  Global 
Change Biology. Article (subscription required). 

A transcriptome resource for the Antarctic pteropod Limacina helicina antarctica. The pteropod Limacina helicina antarctica is 
a dominant member of the zooplankton assemblage in the Antarctic marine ecosystem, and is part of a relatively simple food 
web in nearshore marine Antarctic waters. As a shelled pteropod, Limacina has been suggested as a candidate sentinel organism 
for the impacts of ocean acidification, due to the potential for shell dissolution in undersaturated waters. In this study, our goal 
was to develop a transcriptomic resource for Limacina that would support mechanistic studies to explore the physiological 
response of Limacina to abiotic stressors such as ocean acidification and ocean warming. To this end, RNA sequencing libraries 
were prepared from Limacina that had been exposed to a range of pH levels and an elevated temperature to maximize the 
diversity of expressed genes. RNA sequencing (RNA-seq) was conducted on an Illumina NextSeq500 which produced 
339,000,000 150 bp paired-end reads. The de novo transcriptome was produced using Trinity and annotation of the assembled 
transcriptome resulted in the identification of 81,229 transcripts in 137 KEGG pathways. This RNA-seq effort resulted in a 
transcriptome for the Antarctic pteropod, Limacina helicina antarctica, that is a major resource for an international marine 
science research community studying these pelagic molluscs in a global change context. Johnson K. M. & Hofmann G. E., in 
press. Marine Genomics. Article (subscription required). 

Consideration of coastal carbonate chemistry in understanding biological calcification. Correlations between aragonite 
saturation state (ΩAr) and calcification have been identified in many laboratory manipulation experiments aiming to assess 
biological responses to ocean acidification (OA). These relationships have been used with projections of ΩAr under continued OA 
to evaluate potential impacts on marine calcifiers. Recent work suggests, however, that calcification in some species may be 
controlled by the ratio of bicarbonate to hydrogen ion, or the substrate-to-inhibitor ratio (SIR), rather than ΩAr. SIR and ΩAr are 
not always positively correlated in the natural environment, which means that ΩAr can be a poor indicator of the calcifying 
environment when ΩAr->1. Highly variable carbonate chemistry in the coastal zone challenges our ability to monitor fluctuations 
in ΩAr, SIR, and the ΩAr-SIR relationship making it difficult to assess biological OA exposures and vulnerability. Careful 
consideration of natural variability throughout ocean environments is required to accurately determine the influence of OA on 
biological calcification. Fassbender A. J., et al. Geophysical Research Letters. Article. 

Contributions of genetic and environmental variance in early development of the Antarctic sea urchin Sterechinus neumayeri 
in response to increased ocean temperature and acidification. Breeding designs such as the North Carolina II can be used to 
identify the sources of genetic and environmental variances in embryo performance. Here this approach is used for the Antarctic 
sea urchin S. neumayeri to explore how the contribution of sire and dam can influence the performance of cleavage stage 
embryos and blastulae, and how these contributions differ when exposed to stress from increased temperature and 
acidification. The interrelationship of sire–dam effects was also compared across developmental stages. The effects of warming 
(+3 °C) and acidification (−0.3 and −0.5 pHT units) on 24 sire–dam crosses were investigated. These stressors decreased cleavage 
success and the percentage of normal blastulae, with a negative interactive effect between stressors. The response to these 
factors differed among the sire–dam pairs indicating the influence of gamete compatibility. A positive genetic correlation 
indicated that genotypes that performed well as blastulae in low pH also performed well at increased temperatures. 
Performance at cleavage was a good predictor of performance at the later blastula stage. Significant dam by temperature 
interactions indicated differential performance among maternal half-siblings in response to increased temperature. Adaptation 
depends on additive genetic variance for stress tolerance being present in populations; however, there were no sire by stressor 
interactions found. This indicates that S. neumayeri will need to rely on phenotypic plasticity to persist through an ocean 
decreasing in pH and warming, at least with respect to early development. Foo S. A., et al., 2016. Marine Biology 163:130. Article 
(subscription required). 

The synergistic effects of ocean acidification and organic metabolism on calcium carbonate (CaCO3) dissolution in coral reef 
sediments. Ocean acidification (OA) is expected to reduce the net ecosystem calcification (NEC) rates and overall accretion of 
coral reef ecosystems. However, despite the fact that sediments are the most abundant form of calcium carbonate (CaCO3) in 
coral reef ecosystems and their dissolution may be more sensitive to OA than biogenic calcification, the impacts of OA induced 
sediment dissolution on coral reef NEC rates and CaCO3 accretion are poorly constrained. Carbon dioxide addition and light 
attenuation experiments were performed at Heron Island, Australia in an attempt to tease apart the influence of OA and organic 
metabolism (e.g. respiratory CO2 production) on CaCO3 dissolution. Overall, CaCO3 dissolution rates were an order of 
magnitude more sensitive to elevated CO2 and decreasing seawater aragonite saturation state (ΩAr; 300–420% increase in 
dissolution per unit decrease in ΩAr) than published reductions in biologically mediated calcification due to OA. Light 
attenuation experiments led to a 70% reduction in net primary production (NPP), which subsequently induced an increase in 
daytime (~ 115%) and net diel (~ 375%) CaCO3 dissolution rates. High CO2 and low light acted in synergy to drive a ~ 575% 
increase in net diel dissolution rates. Importantly, disruptions to the balance of photosynthesis and respiration (P/R) had a 
significant effect on daytime CaCO3 dissolution, while average water column ΩAr was the main driver of nighttime dissolution 
rates. A simple model of platform-integrated dissolution rates was developed demonstrating that seasonal changes in 
photosynthetically active radiation (PAR) can have an important effect on platform integrated CaCO3 sediment dissolution rates. 
The considerable response of CaCO3 sediment dissolution to elevated CO2 means that much of the response of coral reef 

http://dx.doi.org/10.1111/gcb.13287
http://dx.doi.org/10.1016/j.margen.2016.04.002
http://dx.doi.org/10.1002/2016GL068860
http://dx.doi.org/10.1007/s00227-016-2903-1


communities and ecosystems to OA could be due to increases in CaCO3 sediment and framework dissolution, and not decreases 
in biogenic calcification. Cyronak T. & Eyre B. D., Marine Chemistry. Article (subscription required). 

Are mangroves drivers or buffers of coastal acidification? Insights from alkalinity and dissolved inorganic carbon export 
estimates across a latitudinal transect. Mangrove forests are hotspots in the global carbon cycle, yet the fate for a majority of 
mangrove net primary production remains unaccounted for. The relative proportions of alkalinity and dissolved CO2 [CO2*] 
within the dissolved inorganic carbon (DIC) exported from mangroves is unknown, and therefore the effect of mangrove DIC 
exports on coastal acidification remains unconstrained. Here we measured dissolved inorganic carbon parameters over 
complete tidal and diel cycles in six pristine mangrove tidal creeks covering a 26° latitudinal gradient in Australia, and calculated 
the exchange of DIC, alkalinity and [CO2*] between mangroves and the coastal ocean. We found a mean DIC export of 
59 mmol m-2 d-1 across the six systems, ranging from import of 97 mmol m-2 d-1 to an export of 85 mmol m-2 d-1. If the 
Australian transect is representative of global mangroves, upscaling our estimates would result in global DIC exports of 3.6 ± 1.1 
Tmol C yr-1, which accounts for approximately one third of the previously unaccounted for mangrove carbon sink. Alkalinity 
exchange ranged between an import of 1.2 mmol m-2 day-1 and an export of 117 mmol m-2 day-1 with an estimated global 
export of 4.2 ± 1.3 Tmol yr-1. A net import of free CO2 was estimated (-11.4 ± 14.8 mmol m-2 d-1), and was equivalent to 
approximately one third of the air water CO2 flux (33.1 ± 6.3 mmol m-2 d-1). Overall, the effect of DIC and alkalinity exports 
created a measurable localized increase in coastal ocean pH. Therefore, mangroves may partially counteract coastal acidification 
in adjacent tropical waters. Sippo J. Z.,et al., 2016. Global Biogeochemical Cycles. Article (subscription required). 

Decadal trends in air-sea CO2 exchange in the Ross Sea (Antarctica).Highly productive Antarctic shelf systems, like the Ross 
Sea, play important roles in regional carbon budgets, but the drivers of local variations are poorly quantified. We assess the 
variability in the Ross Sea carbon cycle using a regional physical-biogeochemical model. Regionally, total partial pressure of CO2 
(pCO2) increases are largely controlled by the biological pump and broadly similar to those in the offshore Southern Ocean. 
However, this masks substantial local variability within the Ross Sea, where inter-annual fluctuations in total pCO2 are driven by 
the biological pump and alkalinity, whereas those for anthropogenic pCO2 are related to physical processes. Overall, the high 
degree of spatial variability in the Ross Sea carbon cycle causes extremes in aragonite saturation that can be as large as long-
term trends. Therefore, Antarctic shelf polynya systems like the Ross Sea will be strongly affected by local processes in addition 
to larger scale phenomena. Tagliabue A. & Arrigo K. R., in press. Geophysical research Letters. Article (subscription required). 

Multiple and cumulative impacts on the GBR: assessment of current status and development of improved approaches for 
management. The outlook of the Great Barrier Reef (GBR) was recently assessed as poor and declining (Great Barrier Reef 
Marine Park Authority [GBRMPA], 2014a; GBRMPA, 2014b). Impacts on the Region’s values do not occur in isolation but overlap 
in time and space, thus reducing the overall resilience and health of the Reef. Understanding cumulative pressures and their 
impacts has become a priority for environmental policy, management and conservation globally. In Australia, a fuller 
understanding of cumulative impacts from global and local stressors, and the ability to attribute those impacts to specific drivers 
and activities, is now a priority, as reflected in the Reef 2050 Long-Term Sustainability Plan. Despite such prioritisation, reef 
managers currently rely largely on qualitative tools to assess risks from cumulative impacts associated with development 
proposals (GBRMPA, 2009). This Report focuses on coral reef environments and provides: (i) a comprehensive review and 
synthesis of existing tools and qualitative and quantitative studies that describe the cumulative impacts of local and global 
pressures on reef organisms and processes, (ii) an overview of important knowledge gaps and future research priorities, and (iii) 
a roadmap to develop a practical framework (incorporating quantitative approaches for assessing risk of multiple stressors) to 
support the assessment and management of cumulative impacts on the GBR. To read more go to the  Report. Uthicke S., et al., 
2016. Report to the National Environmental Science Programme. Reef and Rainforest Research Centre Limited, Cairns, 144 p.  

Sea urchins in a high-CO2 world: partitioned effects of body size, ocean warming and acidification on metabolic rate. Body 
size and temperature are the major factors explaining metabolic rate, and the additional factor of pH is a major driver at the 
biochemical level. These three factors have frequently been found to interact, complicating the formulation of broad models 
predicting metabolic rates and hence ecological functioning. In this first study of the effects of warming and ocean acidification, 
and their potential interaction, on metabolic rate across a broad range in body size (two to three orders of magnitude difference 
in body mass), we addressed the impact of climate change on the sea urchin Heliocidaris erythrogramma in context with climate 
projections for southeast Australia, an ocean warming hotspot. Urchins were gradually introduced to two temperatures (18 and 
23°C) and two pH levels (7.5 and 8.0), at which they were maintained for 2 months. Identical experimental trials separated by 
several weeks validated the fact that a new physiological steady state had been reached, otherwise known as acclimation. The 
relationship between body size, temperature and acidification on the metabolic rate of H. erythrogramma was strikingly stable. 
Both stressors caused increases in metabolic rate: 20% for temperature and 19% for pH. Combined effects were additive: a 44% 
increase in metabolism. Body size had a highly stable relationship with metabolic rate regardless of temperature or pH. None of 
these diverse drivers of metabolism interacted or modulated the effects of the others, highlighting the partitioned nature of 
how each influences metabolic rate, and the importance of achieving a full acclimation state. Despite these increases in 
energetic demand there was very limited capacity for compensatory modulating of feeding rate; food consumption increased 
only in the very smallest specimens, and only in response to temperature, and not pH. Our data show that warming, acidification 
and body size all substantially affect metabolism and are highly consistent and partitioned in their effects, and for H. 

http://dx.doi.org/10.1016/j.marchem.2016.05.001
http://dx.doi.org/10.1002/2015GB005324
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erythrogramma, near-future climate change will incur a substantial energetic cost. Carey N., et al., 2016. Journal of Experimental 
Biology 219:1178-1186. Article (subscription required). 

Coral skeletal geochemistry as a monitor of inshore water quality. Coral reefs maintain extraordinary biodiversity and provide 
protection from tsunamis and storm surge, but inshore coral reef health is degrading in many regions due to deteriorating water 
quality. Deconvolving natural and anthropogenic changes to water quality is hampered by the lack of long term, dated water 
quality data but such records are required for forward modelling of reef health to aid their management. Reef corals provide an 
excellent archive of high resolution geochemical (trace element) proxies that can span hundreds of years and potentially provide 
records used through the Holocene. Hence, geochemical proxies in corals hold great promise for understanding changes in 
ancient water quality that can inform broader oceanographic and climatic changes in a given region. This article reviews and 
highlights the use of coral-based trace metal archives, including metal transported from rivers to the ocean, incorporation of 
trace metals into coral skeletons and the current ‘state of the art’ in utilizing coral trace metal proxies as tools for monitoring 
various types of local and regional source-specific pollution (river discharge, land use changes, dredging and dumping, mining, oil 
spills, antifouling paints, atmospheric sources, sewage). The three most commonly used coral trace element proxies (i.e., Ba/Ca, 
Mn/Ca, and Y/Ca) are closely associated with river runoff in the Great Barrier Reef, but considerable uncertainty remains 
regarding their complex biogeochemical cycling and controlling mechanisms. However, coral-based water quality 
reconstructions have suffered from a lack of understanding of so-called vital effects and early marine diagenesis. The main 
challenge is to identify and eliminate the influence of extraneous local factors in order to allow accurate water quality 
reconstructions and to develop alternate proxies to monitor water pollution. Rare earth elements have great potential as they 
are self-referencing and reflect basic terrestrial input. Saha N., et al., 2016 Science of The Total Environment 566–567:652–684. 
Article (subscription required). 

Climate change implications for Torres Strait fisheries: assessing vulnerability to inform adaptation. In the Torres Strait, 
Islanders have a long association with their sea country that holds significant cultural, social and economic importance. Future 
impacts of climate change on marine fisheries stocks and supporting habitats will affect Torres Strait Islander communities. We 
assessed the relative vulnerability of 15 key fishery species in Torres Strait using a semi-quantitative framework modified from 
the Intergovernmental Panel on Climate Change that integrated both ecological and social indicators of exposure, sensitivity and 
adaptive capacity. The assessment identified species with high, medium and low vulnerability to projected climate change in 
2030. The species assessed as having the highest vulnerability were: Holothuria whitmaei (black teatfish), Pinctada margaritifera 
(black-lipped pearl oyster), Dugong dugon (dugong), and Trochus niloticus (trochus). A separate prioritisation process that 
considered the cultural and economic value of species identified three high priority species for future management focus: D. 
dugon, marine turtles (principally Chelonia mydas) and Panulirus ornatus (tropical rock lobster). These results can inform fishers 
and managers to prepare for the effects of climate change and minimise impacts. The relatively healthy condition of most 
fisheries in the Torres Strait is likely to assist successful adaptation. Johnson J. E. & Welch D. J., 2016. Climatic Change 
135(3):611-624. Article (subscription required). 

Ocean acidification reverses the positive effects of seawater pH fluctuations on growth and photosynthesis of the habitat-
forming kelp, Ecklonia radiata. Ocean acidification (OA) is the reduction in seawater pH due to the absorption of human-
released CO2 by the world’s oceans. The average surface oceanic pH is predicted to decline by 0.4 units by 2100. However, kelp 
metabolically modifies seawater pH via photosynthesis and respiration in some temperate coastal systems, resulting in daily pH 
fluctuations of up to ±0.45 units. It is unknown how these fluctuations in pH influence the growth and physiology of the kelp, or 
how this might change with OA. In laboratory experiments that mimicked the most extreme pH fluctuations measured within 
beds of the canopy-forming kelp Ecklonia radiata in Tasmania, the growth and photosynthetic rates of juvenile E. radiata were 
greater under fluctuating pH (8.4 in the day, 7.8 at night) than in static pH treatments (8.4, 8.1, 7.8). However, pH fluctuations 
had no effect on growth rates and a negative effect on photosynthesis when the mean pH of each treatment was reduced by 0.3 
units. Currently, pH fluctuations have a positive effect on E. radiata but this effect could be reversed in the future under OA, 
which is likely to impact the future ecological dynamics and productivity of habitats dominated by E. radiata. Britton D., et al., 
2016. Scientific Reports 6:26036. Article.  

Parasitic infection alters the physiological response of a marine gastropod to ocean acidification. Increased hydrogen ion 
concentration and decreased carbonate ion concentration in seawater are the most physiologically relevant consequences of 
ocean acidification (OA). Changes to either chemical species may increase the metabolic cost of physiological processes in 
marine organisms, and reduce the energy available for growth, reproduction and survival. Parasitic infection also increases the 
energetic demands experienced by marine organisms, and may reduce host tolerance to stressors associated with OA. This study 
assessed the combined metabolic effects of parasitic infection and OA on an intertidal gastropod, Zeacumantus subcarinatus. 
Oxygen consumption rates and tissue glucose content were recorded in snails infected with one of three trematode parasites, 
and an uninfected control group, maintained in acidified (7·6 and 7·4 pH) or unmodified (8·1 pH) seawater. Exposure to acidified 
seawater significantly altered the oxygen consumption rates and tissue glucose content of infected and uninfected snails, and 
there were clear differences in the magnitude of these changes between snails infected with different species of trematode. 
These results indicate that the combined effects of OA and parasitic infection significantly alter the energy requirements of Z. 
subcarinatus, and that the species of the infecting parasite may play an important role in determining the tolerance of marine 
gastropods to OA. Macleod C. D. & Poulin R., in press. Parasitology. Article (subscription required). 
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