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TIME  ACTIVITY   SPEAKER   TITLE  
 
09:20   Introduction and  Cliff Law 

housekeeping    
Chair: Cliff Law  The chemistry behind ocean acidification  

09:30  Seminar 1  Kim Currie   Carbonate chemistry of New Zealand waters – an overview 
09:50   Seminar 2  Helen Bostock   Estimating carbonate saturation and pH from hydrographic data 
10:10  Seminar 3  Hugh Doyle   Recent advances in the measurement of seawater pH 
13:30  Poster introductions Various 
10:40  COFFEE 
         Chair: Helen Bostock Socio-economic impacts 
11:00  Invited speaker  Sarah Cooley (via Skype)  The socio-economic side of ocean acidification  
11:40  Seminar 4  Gary Griffith   Fishing could lessen effects of ocean warming and acidification 
12:00  Seminar 5  Keith Hunter   Impacts of anthropogenic SOx, NOx and NH3 on acidification of coastal  
         waters and shipping lanes 
12:20  Short talk  Philip Boyd   Introduction to the New Zealand Climate Change Atlas 
12:30  LUNCH 
         Chair: Vonda Cummings Impacts on algae: experiments and observations 
13:30  Seminar 6  Yuangyuang Feng  Interactive effects of increased pCO2, temperature and irradiance on the marine  
         coccolithophore Emiliania huxleyi 
13:50  Seminar 7  Rebecca James   Carbon limitation in macroalgal communities and their response to ocean acidification 
14:10  Seminar 8  Michael Roleda   Resilience of giant kelp (Macrocystis pyrifera) meiospore germination to ocean acidification 
14:30  Seminar 9  Catriona Hurd   Differential susceptibility to ocean acidification 
14:50  COFFEE 
 
15:10  Seminar 10  Vonda Cummings  Acidification in coastal waters: potential effects on common Antarctic and New Zealand  
         molluscs 
15:30  Short talk  David Wratt   Ocean acidification and the IPCC 
15:40  Break out sessions Topics to include   Socio-economics: the New Zealand perspective 
         Monitoring ocean acidification in New Zealand waters 
         Improving manipulation experiments for ocean acidification and climate change 
16:30  Rapporteur (10 min each)       
17:00  Workshop close 
  Wine and cheese 
19:00  DINNER (optional, not NIWA funded) 
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Carbonate chemistry of New Zealand waters – an overview 
Kim Currie 

National Institute of Water and Atmospheric Research, Centre of Chemical and Physical 
Oceanography, Dunedin 

 

The presentation will start with a brief reminder of the chemical changes that occur as 
seawater absorbs carbon dioxide from the atmosphere, the basis of anthropogenically induced 
ocean acidification.  I will then give an overview of the state of knowledge of the carbonate 
chemistry in the oceans in the New Zealand region, including a summary of the field 
measurements we have available to us, and some predictions of what changes may happen in 
the future.  This will help to identify where we have a scarcity of data, and where the hot 
spots of change will be, so that we can assess where we need to put in effort to establish 
baseline conditions, and so can begin to determine impacts and changes in the future. 
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Estimating carbonate saturation and pH from hydrographic data  
Helen Bostock1, Sara Mikaloff-Fletcher1,

 
Mike Williams1 and Kim Currie2

 

1National Institute of Water and Atmospheric Research, Wellington. 
2National Institute of Water and Atmospheric Research, Centre of Chemical and Physical 
Oceanography, Dunedin.  

 

We have used a multi-linear regression (MLR) using hydrographic parameters (temperature, 
salinity, oxygen) from the world ocean circulation experiment (WOCE) transect line 
P15S2001, east of New Zealand, to estimate alkalinity and dissolved inorganic carbon (DIC). 
Carbonate saturation and pH are then calculated from alkalinity and DIC. The data and 
algorithms show that there are two different regimes in the water column; a shallow regime 
(<1400 m) and a deep regime (>1400 m). In the shallow regime the alkalinity has a strong 
correlation with salinity and temperature, while in the deep regime alkalinity is affected by 
carbonate dissolution and departs from its relationship with salinity and temperature. These 
MLR algorithms developed on the P15S2001 data have been validated with alkalinity and 
DIC data from WOCE transect line P6W2003.  

We currently have <10 deep water stations with alkalinity and DIC measurements to 
determine the pH and saturation horizons within the New Zealand EEZ. Thus if we can 
approximate the alkalinity and DIC from traditional hydrographic parameters it is possible to 
use archived CTD and oxygen data from the last 20 years to provide a better estimate of the 
spatial and temporal (seasonal and interannual) variations in pH and carbonate saturation 
states in the New Zealand region.  

Understanding the natural variability of carbonate saturation in the oceans around New 
Zealand is critical to provide a context for laboratory manipulations and can also be used in 
predictive habitat models to understand and estimate the distribution of carbonate organisms. 
It will also allow us to monitor future changes in the pH and carbonate saturation caused by 
ocean acidification. 
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Recent advances in the measurement of seawater pH 
Hugh Doyle1, Keith Hunter1 and Andrew Dickson2

 

1University of Otago, Dunedin, New Zealand 
2Scripps Institution of Oceanography, University of California, USA 

 

Spectrophotometric methods allow rapid and precise measurement of seawater pH. However, 
contaminants present in indicator dyes used for these analyses can have a marked impact on 
measurement accuracy - as large as 0.02 pH units! 

The recent paper of Liu et al. (2011) outlines a procedure for successful purification of the 
indicator dye meta-cresol purple (mCP). That research group intends to distribute pure mCP 
for use as a ‘molecular standard’, so that independent investigators are able to produce 
consistent pH measurements. This marks a significant advance in the metrology of seawater 
pH. 

Since the beginning of 2010 I have been on secondment in the laboratory of Professor 
Andrew Dickson, where I carried out research on the development of techniques for accurate 
calibration of indicator dyes. By simultaneously investigating tris buffers using both a 
hydrogen silver-silver chloride electrode system and a spectrophotometer we have obtained a 
rigorous characterization of pure mCP appropriate for measurement of seawater pH over the 
temperature range -2 – 35 ˚C and nominal salinity range 30 – 40.  

 

Liu, X.; Patsavas, M.C.; Byrne, R.H. Purification and Characterization of meta-Cresol Purple 
for Spectrophotometric Seawater pH Measurements. Environmental Science and Technology, 
2011, 45, 4862 – 4868. 
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The socioeconomic side of ocean acidification 
Sarah Cooley 

Woods Hole Oceanographic Institution, Woods Hole, MA 02543, USA 
(scooley@whoi.edu) 

 

Numerous recent experiments have demonstrated the range of ocean acidification’s direct 
impacts on marine organisms, and other work has shown that indirect impacts could 
ultimately alter marine populations or ecosystems. Underwater transformations could be felt 
on land once ecosystem services such as commercial harvests, coastal protection, tourism, 
cultural identity, or ecosystem support became altered. Although summarizing all the likely 
indirect effects of ocean acidification on marine and human communities is not yet possible, 
we must begin to assess its potential effects on the benefits, or marine ecosystem services, 
that human communities enjoy. These studies can help inform policy discussions of how best 
to manage natural resources in the face of a growing global population. 

At present, ecosystem services provided by marine species that are most likely to be directly 
impacted by ocean acidification, such as molluscs or corals, are most straightforward to 
examine. Even though molluscs usually comprise a small fraction of a nation’s total 
commercial seafood harvests, they often fetch high market prices or provide a great deal of 
protein for island nations. We examine worldwide mollusc consumption and trade along with 
present and future ocean chemistry and human population to estimate nations’ vulnerabilities 
to decreased mollusc harvests. This analysis highlights areas in which we need more 
information or increased interdisciplinary activities, because this topic is not possible to take 
on without using a wide range of methods from both natural and social sciences.  
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Fishing could lessen effects of ocean warming and acidification 
Gary P. Griffith1,2, Elizabeth A. Fulton3, Ross Vennell4, Rebecca Gorton3 and  Anthony J. 
Richardson1,2,5  
1Centre for applications in natural resource mathematics (CARM), School of Mathematics 

and Physics, University of Queensland, St Lucia, Qld 4072, Australia. 
2Climate adaptation flagship, CSIRO Marine and Atmospheric Research, Ecosciences 

Precinct, GPO Box 2583, Brisbane, Qld 4001, Australia. 
3Climate adaptation flagship, CSIRO Marine and Atmospheric Research, GPO Box 1538, 

Hobart, Tasmania 7001, Australia.  
4Ocean physics group, Department of Marine Science, University of Otago, Dunedin 9054, 

New Zealand.  
5Environmental decisions group, School of Biological Sciences, University of Queensland, 

Brisbane 4072, Australia. 

 

Ocean warming and acidification are being imposed on marine systems already subject to 
fisheries exploitation. Multiple stressors can act in concert and exacerbate the negative 
impacts on systems or can be less than expected based on their individual effects, potentially 
mitigating stressor impacts. Here we show the potential for fisheries and conservation 
management to mitigate the increased negative impact from the cumulative interaction of 
ocean warming, ocean acidification and fisheries. Using results from the deterministic 
biogeochemical end-to-end ecosystem model Atlantis, we estimate the individual, main and 
interactive effects of these three stressors on the southeast (SE) Australian marine ecosystem 
to year 2050. We classified the results into three interaction types: additive, antagonistic or 
synergistic. Responses of individual species, community groups and the overall ecosystem to 
the effect of the individual stressors or pairs of stressors were variable across the three 
interaction types. Ocean warming and ocean acidification had an antagonistic effect for the 
entire ecosystem and for many community groups. The cumulative interactive response of all 
three stressors was entirely synergistic with fishing the main contributor. Synergisms can 
respond favourably to the removal or reduction of a single stressor as long as the system has 
not passed a threshold into an alternative state. Our findings suggest an opportunity, before a 
threshold is reached, for mitigating the interactive effects of fisheries, ocean warming and 
ocean acidification intensity by focussing on fisheries management and conservation 
management. 
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Impacts of anthropogenic SOx, NOx and NH3 on acidification of 
coastal waters and shipping lanes 
Keith A. Hunter1, Peter S. Liss, Vanisa Surapipith, Frank Dentener, Robert Duce, Maria 
Kanakidou, Nilgun Kubilay, Natalie Mahowald, Greg Okin, Manmohan Sarin, Mitsuo 
Uematsu and Tong Zhu. 
1University of Otago, Dunedin. 

 

The acidification of the ocean by anthropogenic CO2 absorbed from the atmosphere is now 
well recognized and is considered to have lowered surface ocean pH by 0.1 since the mid18th 
century. Future acidification may lead to undersaturation of CaCO3 making growth of 
calcifying organisms difficult. However, other anthropogenic gases also have the potential to 
alter ocean pH and CO2 chemistry, specifically SOx and NOx and NH3. We demonstrate using 
a simple chemical model that in coastal water regions with high atmospheric inputs of these 
gases, their pH reduction is almost completely canceled out by buffering reactions involving 
seawater HCO3

- and CO3
2- ions. However, a consequence of this buffering is a significant 

decrease in the uptake of anthropogenic CO2 by the atmosphere in these areas. 
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Introduction to the New Zealand climate change atlas 
Philip Boyd1 and Cliff Law2  
1National Institute of Water and Atmospheric Research, Centre of Chemical and Physical 

Oceanography, Department of Chemistry, University of Otago, Dunedin 
(pboyd@chemistry.otago.ac.nz)  

2National Institute of Water and Atmospheric Research, Greta Point, Wellington 
(c.law@niwa.co.nz) 

  

At both regional and national levels, there is an urgent need to develop a clear picture of how 
climate change will alter multiple environmental properties in the ocean. Specifically, what 
will such cumulative alterations mean for local biological productivity, ecosystem services, 
climate feedbacks, and related effects ranging from biodiversity to economics? Currently, a 
wide range of confounding issues, such as the plethora and complexity of information in the 
public domain, hinders accommodating climate change into future planning and development 
of ocean resource management strategies. This impediment is especially true at the regional 
level, for example, within national Exclusive Economic Zones where critical management 
decisions are made but for which substantial uncertainty clouds climate change projections 
and ecosystem  impact assessments.  To address these issues we are developing a Climate 
Change Atlas for the New Zealand EEZ.  Today I will provide examples from the Atlas of 
who lives where?  their vulnerability to climate change, and  projections of how the 
environmental properties of our EEZ  will be altered  by a changing climate.  Together such 
information will help us evaluate the susceptibility of our marine resources to climate change.  
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Interactive effects of increased pCO2, temperature and irradiance on 
the marine coccolithophore Emiliania huxleyi 
Yuanyuan Feng1, David Hutchins2 and Catriona Hurd1

 

1Department of Botany, University of Otago, Dunedin, New Zealand. 
2University of Southern California, Los Angeles, USA. 

 

The effects of increased temperature, pCO2, and irradiance on the marine coccolithophore 
Emiliania huxleyi (strain CCMP 371) were examined in semi-continuous laboratory cultures. 
The four temperature and pCO2 treatments carried out at both low and high irradiance (50 and 
400 mmol photons m-2 s-1) were: (i) 20°C and 375 ppm CO2 (ambient control); (ii) 20°C and 
750ppm CO2 (high pCO2); (iii) 24°C and 375 ppm CO2 (high temperature); and (iv) 24°C and 
750ppm CO2 (‘greenhouse’). The growth rate of E. huxleyi was greatly increased by elevated 
temperature at low irradiance. Photosynthesis was significantly promoted by increases in both 
pCO2 and temperature at both irradiances. At high irradiance level, increased cellular C/P 
ratios were observed, indicating a reduced requirement for P. The particulate inorganic (PIC) 
to organic carbon (POC) ratio remained constant in the four CO2 and temperature treatments 
at low irradiance. However, both the cellular PIC content and PIC/POC ratio were 
significantly decreased by elevated irradiance, and were further decreased by increased pCO2 
only at high light, suggesting a combined effect of CO2 and irradiance on calcification. These 
results suggest that future trends of CO2 enrichment, sea-surface warming and exposure to 
higher mean irradiances from intensified stratification will have a large influence on the 
growth and calcification of E. huxleyi. This study also indicates that multiple global change 
factors might have some interactive effects on marine phytoplankton in a complex way. 
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Carbon limitation in macroalgal communities and their response to 
ocean acidification 
Rebecca James1, Christopher Hepburn2 and Catriona Hurd1 
1Department of Botany, University of Otago, Dunedin. 
2Marine Sciences Department, University of Otago, Dunedin. 

 

Ocean acidification will influence the speciation of inorganic carbon. More CO2 will be 
available; this is an energetically cheap carbon source for photosynthesis compared with 
HCO3-. Increased CO2 availability could influence macroalgal growth and lead to changes in 
macroalgal community structure. However, before we can predict how macroalgae will 
respond to this change in their carbon supply, we require a better understanding of the extent 
of carbon limitation in macroalgal communities. Community surveys and stable isotope 
measurements showed more CO2-only using species were present at wave exposed sites, 
where CO2 availability is predicted to be higher due to thinner diffusion boundary layers 
compared with wave sheltered sites. The carbon uptake kinetics were examined for two 
common species under two water motion (high and low) and pH (8.1 and 7.6) treatments, the 
results showed water motion has a greater impact on carbon-uptake than pH. A 6-week 
growth experiment with young macroalgal communities at two pH treatments (8.1 and 7.6) 
revealed that although all communities grew, there was reduced growth for all algae at pH 
7.6. This project has shown that greater CO2 concentrations could positively influence 
photosynthesis in some species of macroalgae by reducing carbon limitation, however water 
motion strongly influences this effect. 
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Resilience of giant kelp (Macrocystis pyrifera) meiospore germination 
to ocean acidification 
Michael Y. Roleda1, Jaz N. Morris, Christina M. McGraw and Catriona L. Hurd 
1Department of Botany, University of Otago, Dunedin. 

 

The worldwide effects of ocean acidification (OA) on marine species are a growing concern. 
In temperate coastal seas, seaweeds are dominant primary producers that create 3-D habitats 
and supply energy to higher trophic levels.  Studies on OA and macroalgae have focused on 
calcifying species and adult stages but, critically, they have overlooked the microscopic stages 
of the reproductive life cycle, which, for other anthropogenic stress e.g. UV-B radiation, are 
the most susceptible life-history phase.  Also, environmental cues and stressors can cause 
changes in the sex ratio which has implications for the mating system and recruitment 
success. Here, we report the effects of pH (7.59–8.50) on meiospore germination and sex 
determination for the giant kelp, Macrocystis pyrifera (Laminariales), in the presence and 
absence of additional dissolved inorganic carbon (DIC).  Lowered pH (7.59–7.60, using HCl-
only) caused a significant reduction in germination, while added DIC had the opposite effect, 
indicating that increased CO2 at lower pH ameliorates physiological stress. This finding 
indicates the importance of appropriate manipulation of seawater carbonate chemistry when 
testing the effects of ocean acidification on photosynthetic organisms. The proportion of male 
to female gametophytes did not vary significantly between treatments suggesting that pH was 
not a primary environmental modulator of sex. The higher rate of seawater alkalization (∆ 
pH) under OA conditions suggest that active photosynthesis compensates for the acidification 
of seawater. This homeostatic function minimises the negative effects of lower pH on cellular 
activity. From our study, the 4–9% reduction in germination success under extreme OA 
suggests that meiospores of M. pyrifera may not be severely damaged by in vitro ocean 
acidification.  
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Differential susceptibility to ocean acidification 
Catriona L. Hurd1, Christopher E. Cornwall1, Kim Currie2, Christopher D. Hepburn3, 
Christina M. McGraw4, Keith A. Hunter4 and Philip W. Boyd2 
1Department of Botany, University of Otago, Dunedin. 
2National Institute of Water and Atmospheric Research, Centre of Physical and Chemical 

Oceanography, Dunedin. 
3Department of Marine Sciences, University of Otago, Dunedin. 
4Department of Chemistry, University of Otago, Dunedin. 

 

We report that trends in pH at the surface of three ecologically important cold-water calcifiers 
(a primary producer and herbivores), under a range of fluid flows, differ substantially from 
one another, and for two of the three calcifiers, the pH, during darkness, is lower than the 
mean projected pH due to OA for the surface waters of the global ocean beyond the year 
2100. Using micro-electrodes, we show that each calcifier had a different pH gradient 
between its surface and mainstream seawater, i.e. within the diffusion boundary layer (DBL) 
that appears to act as an environmental buffer to mainstream pH. 

Abalone encountered only mainstream seawater pH, whereas pH at the sea urchins’ surface 
was reduced by ~0.35 units. For coralline algae, pH was ~0.5 units higher in the light and 
~0.35 units lower under darkness than in ambient mainstream seawater. This wide range of 
pH within the DBL of some calcifiers will probably affect their performance under projected 
future reductions in pH due to OA. Differing exposure to a range of surface pH may result in 
differential susceptibility of calcifiers to OA. Such fluctuations are no doubt regulated by the 
interplay of water movement, morphology and metabolic rates (e.g. respiration, calcification 
and/or photosynthesis). Our study, by considering physics (flow regime), chemistry (pH 
gradients vs. OA future projections) and biology (trophic level, physiology and morphology), 
reveals that predicting species-specific responses and subsequent ecosystem restructuring to 
OA is complex and requires a holistic, eco-mechanical, approach. 
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Acidification in coastal waters: potential effects on some common 
Antarctic and New Zealand molluscs 
Vonda Cummings1, Victoria Metcalf2, Neill Barr3, Philip Heath3, Kim Currie4, Graeme Moss3

 

1National Institute of Water and Atmospheric Research, Wellington.  
2Department of Wine, Food and Molecular Biosciences, Lincoln University, Lincoln. 
3Mahanga Bay Aquaculture Facility, National Institute of Water and Atmospheric Research, 

Wellington. 
4National Institute of Water and Atmospheric Research, Centre of Chemical and Physical 
Oceanography, Dunedin.  

 

Molluscs are potentially one of the groups most affected by ocean acidification due to their 
utilisation of calcium carbonate for shell building, and the susceptibility of these shells to 
dissolution under lowered pH conditions. Using laboratory experiments to simulate future 
predicted pCO

2
 conditions, we have investigated potential responses of common Antarctic 

and New Zealand coastal species to levels of pH and carbonate expected over the next 
century. This talk will describe the experiments and the major results for the Antarctic 
geoduc, Laternula elliptica, and preliminary findings of experiments on the NZ paua, Haliotis 
iris. We clearly show negative effects on functioning (including metabolism, stress responses 
and calcification enzyme activity) of Laternula, and deleterious effects on development of 
Haliotis, over week to month time scales.   
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Poster Session 
 

P1. pH-stat technique to investigate the kinetics of calcium carbonate 
dissolution 

Patila Amosa and Zhaleh Adhami 

University of Otago, Dunedin 

 
Ocean acidification is a process which leads to an ongoing reduction in the pH of the world’s 
oceans due to increased uptake of anthropogenic CO2 from the atmosphere. Increased acidity 
can impact negatively on marine ecosystems. One of the most severe effects is the slowing 
down or inhibition of calcification as well as enhancing calcium carbonate dissolution rates in 
calcifying organisms.  

The proposed study will apply the pH-stat technique to investigate the effects of the nature of 
CaCO3 used and of the seawater composition on the kinetics of calcium carbonate dissolution 
at steady-state disequilibrium.  

In every experimental run, a sample of CaCO3 (calcite or aragonite) in synthetic seawater will 
be titrated in an open cell system by 0.02 M HCl at 25°C.  

Based on the volume of HCl consumption as a solid carbonate dissolves changes in the mass 
of the sample over a period of time and thereby rate of dissolution can be calculated. 
Experiments will be conducted at different values of CaCO3 saturation state. The empirical 
equation R = k(1-Ω)n (where k and n are constants) will then be used to describe the kinetics 
of dissolution. 

 

P2. Ocean acidification and its effect on bacterial exo-enzyme activity 
T. Burrell1, E. Maas1, C. Law1, P. Teesdale-Spittle2  
1National Institute of Water and Atmospheric Research, Wellington 
2School of Biological Sciences, Victoria University of Wellington 

 

Heterotrophic bacteria are widely recognised as vital components in cycling and regulation of 
nutrients within the ocean. Limited research to date suggests that ocean acidification may 
influence bacterial extracellular enzyme hydrolysis rates, potentially influencing vertical 
carbon export, nutrient cycling and the overall ocean carbon sink. This active enzyme 
response is supported by recent NIWA research in the Ross Sea. 

I intend to research this observed enzyme response in the field, as well as in lab based 
incubations, focusing on two enzymes of biological importance; Protease and Glucosidase. 
Sampling and field experiments will be conducted during the NIWA Biophysical Moorings 
Voyages (providing both Sub-Trophic and Sub-Antarctic Water samples), as well as the 
Surface Ocean Aerosol Production Voyages (SOAP), allowing for sampling on the productive 
Chatham Rise. I am currently beginning methodology development and investigating the 
suitability of artificial substrates for use in quantifying enzyme activity under seawater 
conditions predicted at the end of the century. This research is funded by a Marsden Grant 
awarded to Dr CS Law and Dr EW Maas of NIWA. 
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P3. The influence of ocean acidification and environmental variables 
on small-scale spatial fluctuations in pH around complex macroalgal 
assemblages 
Christopher E. Cornwall1, Conrad A. Pilditch2, Christopher D. Hepburn3, Christina M. 
McGraw4,5, Catriona L. Hurd1

 

1Department of Botany, University of Otago, PO Box 56, Dunedin, New Zealand 
2School of Biological Sciences, Waikato University, Private Bag 3105, Hamilton, New 

Zealand 
3Department of Marine Sciences, University of Otago, PO Box 56, Dunedin, New Zealand 
4Department of Chemistry, University of Otago, PO Box 56, Dunedin, New Zealand 
5Current address School of Chemistry and Biochemistry, University of Clark, 950 Main 

Street, Worchester, Massachusetts, USA 

 

Global-scale processes, such as ocean acidification and increases in seawater temperature, 
threaten many marine ecosystems throughout the world’s oceans. Human-induced 
sedimentation and nutrient enrichment of coastal waters also threaten species and habitats, but 
on smaller regional and local scales. On an even smaller scale, marine macrophytes have the 
ability to modify their own environment – potentially ameliorating the effects of some of 
these stressors, such as ocean acidification. pH around the surface of marine macrophytes can 
also be modified significantly within a matter of seconds-minutes by their metabolism – 
within what is known as the diffusion boundary layer (DBL). To date, studies on chemical 
environments within the DBL have failed to use complex natural assemblages of organisms, 
often studying simple crustose organisms or the prostrate blades of larger macrophytes. We 
describe two sets of experiments that use two naturally occurring assemblages of coralline 
(calcifying) algae from two locations in New Zealand (Otago and Raglan). We investigated 
how seawater velocity and irradiance influenced the pH environment experienced by these 
assemblages. In one set of experiments we also altered seawater pH to levels comparable to 
those expected by the year 2100 (pH 7.65), while in the other experiments we changed the 
canopy complexity of foliose macroalgae above the coralline algae. I will describe how these 
factors influenced pH around coralline algae, and how the DBLs found around these organism 
assemblages were larger than ever recorded before. 
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P4. Ocean acidification, cellular acidosis and associated impacts on 
cell-cycle progression in symbiotic dinoflagellates 
Emma M. Gibbin and Simon K. Davy

 

School of Biological Sciences, Victoria University of Wellington. (emma.gibbin@vuw.ac.nz) 

 

The ecological success of the reef-building (= scleractinian) corals is entirely dependent on a 
stable population of its dinoflagellate (= Symbiodinium) partner. A breakdown in the 
arrangement may be detrimental to the coral’s health, perhaps leading to fatality through 
starvation if the symbiont population density is reduced. However, the mechanism(s) that 
regulates the growth of the dinoflagellates in hospite, and hence promotes the coordination of 
host and symbiont cell growth, is unknown. pH is one potential mechanism for regulating 
symbiont density, as it is known to control progression through the cell cycle of other 
eukaryotes. Indeed, several studies have shown that, for a eukaryotic cell to enter mitotic 
division, an increase in alkalinity is required. We are therefore testing whether pH, and in 
particular alkalinization of the peri-algal region and dinoflagellate cell itself, regulates cell-
cycle progression in symbiotic dinoflagellates from corals. If so, then ocean acidification 
might have serious consequences for the stability of the host-symbiont relationship. This is 
because, as CO2 levels increase, there is a greater potential for acidification of the intracellular 
pH of both the host coral and its dinoflagellate symbionts; a process known as cellular 
acidosis. Ultimately, therefore, this research aims to test whether future ocean acidification 
scenarios may eventually reach a level where the cell cycle of Symbiodinium cells is impaired, 
so impacting host-symbiont stability and the functional biology of reef corals. 
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P5. Impacts of ocean acidification and increasing seawater 
temperature on juveniles of two Antarctic heart urchins, Abatus 
ingens and Abatus shackletoni 
M. Ho1, J.A. Ericson1,2, A. Miskelly1, C. King3, P. Virtue4, B. Tilbrook5 and M. Byrne1 
1University of Sydney, Sydney, Australia. 
2University of Otago, Dunedin, New Zealand. 
3Australian Antarctic Division, Kingston, Australia. 
4IMAS, University of Tasmania, Hobart, Australia. 
5CSIRO Division of Marine and Atmospheric Research, Hobart, Australia. 

 

Simultaneous effects of ocean acidification and temperature change in Antarctic environments 
warrant investigation as little is known about the synergistic consequences of these factors on 
Antarctic benthic species. Juvenile Abatus ingens and Abatus shackletoni were incubated 
under experimental pCO2 and elevated temperature scenarios reflective of those predicted by 
the IPCC (2007). Direct development from embryos to juveniles occurs in these species 
without a pelagic larval phase and the developing young are lecithotrophic for an extended 
period. Adult urchins were collected near Davis Station during the Austral summer season 
(January-February 2011). Juveniles were extracted from the parental brood pouch and reared 
in flow-through experimental treatments for 4 weeks. CO2-enriched air was supplied to 
seawater in which pCO2 was regulated at the target levels of 448±6.51 (pH 8.01±0.005), 
846±6.58 (pH 7.83±0.005) and 1371±7.34 (pH 7.63±0.007) ppm and seawater temperature 
was set at -1±0.03˚C (Control) and 1±0.32˚C. Preliminary results from this investigation 
showed significant increases in spine growth in juveniles of both A. ingens and A. shackletoni 
over the experimental period. However, juveniles reared in 1˚C significantly exhibited more 
incidences of epithelial separation in the spines compared to those reared in -1˚C. This 
suggests that, although there is an inherent capacity for tolerance of varying levels of pH in 
seawater in the absence of the protection afforded by the maternal brood pouch, these 
juveniles are still at risk from increasing temperatures. 
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P6. A five-year survey of the distribution, diversity and sensitivity 
to elevated CO2 of plankton in New Zealand waters 
Cliff Law1, Jill Schwarz1, Lisa Northcote1, Hoe Chang1, Karl Safi2, Andrew Marriner1, Scott 
Nodder1, Kim Currie3, Malcolm Reid4, Keith Hunter4, Rebecca Langlois5 and Julie La Roche5 
1National Institute of Water and Atmospheric Research, Wellington, New Zealand.  
2National Institute of Water and Atmospheric Research, Hamilton, New Zealand. 
3National Institute of Water and Atmospheric Research, Centre of Chemical and Physical 
Oceanography, Dunedin, New Zealand. 
4Department of Chemistry, University of Otago, Dunedin, New Zealand. 
5IFM-Geomar, Kiel, Germany. 
  
Preliminary results are presented from a five-year programme, funded by the New Zealand 
Miinistry of Fisheries, monitoring the impacts and effects of ocean acidification on 
phytoplankton in New Zealand waters. This is a multi-faceted programme that aims to 
characterise the distribution and biodiversity of planktonic groups that are potentially 
sensitive to ocean acidification, and determine the susceptibility of phytoplankton to changes 
in ocean CO2. This include the diazotrophs (nitrogen-fixing phytoplankton) and the calcite-
forming coccolithophores, as well as Foraminifera (protozoa) and Pteropods 
(zooplankton). Field survey results identify significant spatial variability in biomass & 
diversity of cooccolithophores around the Chatham Rise, whereas this is less apparent in the 
Tasman Sea. The variability will be related to variations in surface pH, CO2 and 
nutrients. Visual analysis of Remote Sensing images identified an apparent increase in surface 
"bright spots" characteristic of cooccolithophore blooms over a five-year period, and we are 
in the process of tuning global calcite algorithms to NZ waters to further examine this trend. 
Short term CO2 sensitivity studies on surface water in the Tasman Sea have identified 
morphological changes in coccolithophores under high CO2. The seasonal and inter-annual 
variability of the Foraminifera and Pteropods were determined by analysis of material 
collected in sediment traps at 1500m depth at NIWAs Biophysical Mooring stations in Sub-
tropical and Sub-Atlantic waters. Whereas the Foraminifera show no significant change with 
time or season, there is some evidence for a decline in pteropods in the last four years. Field 
surveys determined that the distribution of diazotrophs, and accompanying nitrogen 
rates, extend to the Sub-tropical front at 45ºS in the southern Tasman Sea, with accompanying 
short-term CO2 sensitivity studies identifying that nitrogen fixation rates were not 
altered under elevated dissolved CO2.  
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stressor on development of the non calcifying lecithotrophic larvae of 
the sea star Meridiastra calcar 
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Ocean warming and acidification are expected to pose deleterious effects on the sensitive 
planktonic life stages of benthic marine invertebrates. Research has focused on the effects of 
acidification on calcifying larvae with a paucity of data on species with alternate 
developmental strategies and on the interactive effects of warming and acidification. To 
determine the impact of climate change on a conspicuous component of the intertidal fauna of 
South East Australia, development of the lecithotrophic larvae of the sea star Meridiastra 
calcar was investigated in the setting of predicted ocean warming (+2-4oC) and acidification 
(-0.4-0.6 pH units) for 2100 and beyond.  There was no effect of stressors on cleavage stage 
(6 h) embryos. Hatching success (40 h) and mortality in 3-day old larvae were reduced in the -
0.4 pH treatment but temperature had a greater effect on these stages with negative impacts in 
the +2oC and +4oC treatments. There was a negative effect of temperature but not pH on the 
development of 5-day old larvae. Mortality in 5-day old larvae was <40% at the control 
temperature but increased to 45% and >60% with a +2oC and +4oC warming respectively. The 
percentage of normal larva was higher at the control temperature (~60%) than at +2oC (50%) 
but mean larval lengths were similar between the two treatments. These larvae were longer 
than those reared at +4oC. For development in M. calcar, near future increases in temperature, 
not decreasing pH, will be the dominant stressor.  
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Climate change is altering ocean conditions through synergistic processes of warming, 
acidification and reduced carbonate saturation. This will have significant impacts on marine 
biota, especially calcifying organisms. Reduced skeletogenesis in marine calcifiers, as a result 
of decreased carbonate saturation, is one of the most serious impacts that ocean acidification 
will have on marine systems. Much research has focused on the effects of ocean change on 
larval stages of calcifying marine organisms, however, later life stages may also be affected. 
Juvenile development under change conditions has been largely ignored and may be the black 
box in supply-side ecology. Therefore, the current project aimed at investigating the effects of 
ocean warming and acidification on the juvenile life-stage of the echinoid Heliocidaris 
erythrogramma. Sea urchins were reared to the juvenile stage and exposed to four 
temperature treatments (19˚C, 21˚C, 23˚C and 25˚C) and six pH treatments (8.2, 7.8, 7.6, 7.4, 
7.0, 6.5 units), based on current conditions documented for the habitat (19-21˚C, pH 8.2) and 
near-future projections for change (+2-4˚C, -0.4-0.6 pH units). Juveniles were pushed to 
extremes in both temperature and pH, as they may already experience some of these 
conditions in their tidally influenced habitats. The number of spines developed in 
experimental conditions, spine length and mortality were documented. Increased temperature 
and decreased pH caused a reduction in survivorship, spine number and spine length. 
However, significant effects were largely restricted to extreme treatments (25˚C/6.5 pH). 
Thus, juvenile H. erythrogramma may be able to tolerate near-future conditions. This 
suggests that present fluctuations in intertidal habitats may convey a resilience of this species 
to climate change stressors, a potential feature of other intertidal species. However, ocean 
change may drive greater extremes in intertidal temperature and pH/pCO2 fluctuations, and 
critical limits may be breached if these extreme conditions are surpassed.  

 

 

 

 


