
Programme - Tuesday 11th February 

9:00 Waiata and Welcome  
9:15 Cliff Law Introduction and review of NZ Ocean Acidification 

research 
Carbonates – chaired by Vonda Cummings 
9:35 Keynote: Andreas 

Andersson 
Near-shore ocean acidification: controls and feedbacks 
from biogeochemical processes 

10:20 Abby Smith Where dissolution happens: reactive surface area of 
complex calcareous skeletons 

10:40 Coffee  
11:10 Sara Mikaloff-Fletcher Estimating carbonate concentrations south of the Polar 

Front 
11:30 Helen Bostock Habitat suitability models predict the likely distribution 

of deep-sea corals in the South Pacific now, but what 
will future distribution patterns look like?  

11:50 Scott Nodder A decade-long record of foraminifera and pteropod 
fluxes in subtropical and subantarctic waters east of 
New Zealand, in relation to organic carbon fluxes and 
drivers of surface productivity 

12:10 Cliff Law Temporal variability of coccolithophores in New 
Zealand waters 

12:30 Lunch Poster Session 
Bacterial and algal responses – chaired by Cliff Law 
13:30 Els Maas Microbial community changes due to climate change 
13:50 Federico Baltar Will ocean acidification and/or eutrophication impact 

bacterioplankton diversity and carbon processing in the 
coastal Mediterranean Sea? 

14:10 Tim Burrell Bacterial extra cellular enzyme activity in high CO2 vent 
waters 

14:30 Ken Ryan The consequences of rising acidity and CO2 on the sea 
ice microbial community 

14:50 Pamela Fernandez Inorganic carbon-use strategies and physiology of 
Macrocystis pyrifera under an ocean acidification 
scenario 

15:10 Coffee  
Early life stage susceptibility – chaired by Cliff Law 
15:40 Mary Sewell Ocean acidification and fertilization in the Antarctic sea 

urchin Sterechinus neumayeri: the importance of 
polyspermy 

16:00 Shawna Foo Larvae and juvenile coral eating crown of thorn’s 
starfish, Acanthaster planci in a warming and high CO2 
ocean 

16:20 Miles Lamare Are Antarctic sea star larvae more sensitive to ocean 
acidification than non-polar species?  

16:40 Nicole Phillips The importance of examining agents of global change 
over the life cycle of marine animals 

17:10 Bus to the Victoria University Coastal Ecology Laboratory  
17:30 Drinks and Nibbles  
19:30 Bus back to the city 
 

 

 



Program – Wednesday 12th February 

Impacts on fish and invertebrates – chaired by Helen Bostock 
8:45 Keynote: Philip Munday Effects of ocean acidification on marine fishes 
9:30 Rob Day Physiological responses of Australian abalone to 

ocean acidification conditions 
9:50 Christine Bylenga Biodeposit production in the Antarctic clam, Laternula 

elliptica, under pH stress 
10:10 Simon Davy The role of symbiont photosynthesis in buffering the 

effects of ocean acidification on reef corals 
10:30 Coffee  
Managing ocean acidification 
11:00 Antoine De Ramon 

N’Yeurt 
The projected impact of ocean acidification on Fijian 
and Tuvaluan coral reefs 

11:20 Vonda Cummings Report on the “Future proofing NZ shellfish 
aquaculture” workshop 

11:30 Colin Johnston Ocean acidification – a perspective from the NZ 
shellfish industry 

11:50 Hilke Giles We need your help to manage our coastal and marine 
area 

12:10 Mary Livingston An overview of the national Marine Research Stratey 
and signals about ocean acidification research over 
the coming decade 

12:30 Lunch  
Monitoring ocean acidification 
13:30 Keynote: Libby Jewett Global Ocean Acidification Observing Network (GOA-

ON) and US ocean acidification research 
14:15 Kim Currie Multiple stressors in coastal ecosystems: linking 

ocean acidification, eutrophication and land use 
14:35 Christina McGraw Low-cost sensors for field and laboratory 

measurements of seawater carbonate 
14:55 Kim Currie National and international monitoring – provisional 

plans 
15:05 Monitoring discussion  
15:30 Coffee  
16:00 Discussion Committee reports 

National coordination 
Coordinated ocean acidification impact studies 
Joint NZ-Australian activities 
Feedback from keynotes 

17:00 Close of workshop  
 

 

 

 

 

 

 

 



Keynote: sponsored by NZOAR, University of Otago 
http://www.otago.ac.nz/oceanacidification/ 

Near-shore ocean acidification: controls and feedbacks from biogeochemical processes  

Andreas J Andersson 
Scripps Institution of Oceanography, Univ. of California San Diego, La Jolla, USA 
aandersson@ucsd.edu  

Time series observations from the Atlantic and Pacific Oceans have revealed undisputable evidence of long-term 
acidification of open ocean surface seawater due to uptake of anthropogenic CO2, but to date, long-term acidification 
in near-shore environments has not been documented. The seawater CO2 chemistry within heterogeneous near-shore 
environments can be significantly different from that of the open ocean depending on the residence time, terrestrial 
runoffs, community composition, and the major biogeochemical processes, which combined act to modify the 
seawater chemistry. Here, I present results illustrating the complexity and the links between near-shore acidification, 
biogeochemical processes, and large-scale oceanic and climatic phenomena. 

 

Where dissolution happens: reactive surface area of complex calcareous skeletons 

 
Abigail M Smith 

Department of Marine Science, University of Otago, Dunedin, NZ  
abby.smith@otago.ac.nz 
 
Surface area in solid carbonates has been studied using physical adsorption of an inert gas such as krypton onto the 
carbonate surface (BET theory); isotopic exchange with labelled CO2; and adsorption of acid from solution.  These 
methods work well for smooth surfaces but have been shown to underestimate surface area for texturally complex 
surfaces. Detailed investigation of the relationship between measured surface area, grain size and reactive surface area 
in skeletal carbonates shows that micro-roughness, along with grain size, is related to overall dissolution rate.  So far, 
investigations of surface area have been in tropical, monominerallic, rather simple sediment grains.  What we need, 
however, is to understand more about complex, irregular, polymineralic sediment grains from the temperate regions 
where ocean acidification will first have its effects.  Dissolution of marine skeletal carbonate is a critical part of the 
marine carbon system, but we don’t understand the dissolution dynamics of these complex, ornamented skeletons.  I 
report here on development of a new coating technique to characterise surface area of complex marine biogenic 
carbonates, such as corals and bryozoans.  With this method, we can develop a model for the relationship between 
surface area of biogenic carbonates and observed dissolution rates.  
  

Estimating carbonate concentrations south of the Polar Front	  

 
Sara Mikaloff-Fletcher*, Helen Bostock, Mike Williams  

NIWA, Evans Bay Parade, Kilbirnie, Wellington, NZ  
Sara.Mikaloff-Fletcher@niwa.co.nz 
 
A major gap in our ability to understand the present state of ocean acidification in New Zealand’s EEZ and the 
Southern Ocean has been the limited number of observations of carbonate species in these regions.  We use multiple 
linear regressions (MLR) to estimate alkalinity and DIC from the common hydrographic parameters; temperature, 
salinity, depth/pressure and oxygen. We find distinct regimes based on water masses, where the alkalinity and DIC 
have different relationships with the hydrographic parameters. The aim of this work is to use all the hydrographic data 
for the region to produce detailed maps of the carbonate parameters: pCO2, pH, [CO3

2-], aragonite saturation, calcite 
saturation, that take into account local currents, especially around complex topography.   
 
This approach was initially applied to the Southern Ocean (south of 25°S) using observations from the GLODAP 
(1990s), CARINA and PACIFICA (2000s) global datasets.  Then, we applied this approach to look more specifically 
at the Ross and Weddell Seas, where the strong role of sea ice and interaction between sea ice and biogeochemistry 
would be expected to lead to different relationships between hydrographic parameters and carbonate species.    
	  



Habitat suitability models predict the likely distribution of deep-sea corals in the South 
Pacific now, but what will future distribution patterns look like? 

Owen Anderson, Ashley Rowden, Di Tracey, Helen Bostock* 
NIWA, Evans Bay Parade, Kilbirnie, Wellington, NZ  
Helen.Bostock@niwa.co.nz  

Boosted regression tree (BRT) habitat suitability models have been used to predict the distribution of deep-sea 
scleractinian corals and other vulnerable marine ecosystem (VME) indicator taxa in the South Pacific. Previous BRT 
models for coral taxa in the New Zealand region did not include the aragonite saturation states as a predictor variable 
(Tracey et al., 2011, Baird et al., 2012), while  the latest models have used new regionally tuned carbonate 
concentration data layers (Bostock et al., 2013). Using the current known recorded distribution of deep-sea corals from 
research voyages, fisheries by-catch and other databases the new BRT models show that aragonite saturation state 
contributes as much as 55% to the predicted distribution of scleractinian corals. The carbonate concentrations also 
contribute to the models for other deep-sea corals, explaining about 38% of the Stylasteridae, and 32% of the 
Gorgonacea distribution. Dissolved oxygen and particulate organic carbon were the next most important model 
variables (between 10 and 20%) for all of these carbonate based deep-sea corals. These models and those for other 
VME indicator taxa will be ground-truthed by a survey using towed cameras in February 2014. In the future, the 
opportunity exists for the validated models to be used in studies to predict the potential loss of suitable habitat for 
deep-sea corals due to changes in carbonate concentrations resulting from ocean acidification. Such research would 
efficiently exploit the synergies between a number of projects funded by different New Zealand government agencies 
and NIWA. 

	  

A decade-long record of foraminifera and pteropod fluxes in subtropical and subantarctic 
waters, east of New Zealand, in relation to organic carbon fluxes and drivers of surface 
productivity 

Scott Nodder  

NIWA, Evans Bay Parade, Kilbirnie, Wellington, NZ  
Scott.Nodder@niwa.co.nz 

The ocean carbonate system is buffered by the production and dissolution of inorganic carbon, and the transfer of this 
material, either in its dissolved or solid phase, from the surface to the deep ocean interior and ultimately to the sea-
floor. Carbonate production in the deep-sea is generally a biogenic process, with foraminifera (calcite) and pteropods 
(aragonite) being some of the dominant contributors to downward particle flux to the sea-floor, acting as mineral 
ballast to enhance the natural sequestration of organic carbon to the deep-sea. Furthermore, climate-mediated changes 
in ocean pH could have a significant effect on both carbonate production and flux in the future. 
 
A sampling programme of particle fluxes in warm, macronutrient-depleted subtropical and cold, micronutrient-limited 
subantarctic waters was concluded in March 2012, providing just over more than a decade-long record. From this 
time-series, a record of seasonal and interannual variations in the fluxes of foraminifera and pteropods has been 
elucidated. These analyses have revealed substantial differences in the species composition and abundances these 
carbonate-producing fauna in the two biogeochemically different water masses over a variety of time-scales. 
Relationships of foraminiferal and pteropod fluxes to variations in organic carbon flux, and to potential climatic 
drivers (e.g., El Niño-La Niña, IPO), over the 11½ year times-series will be discussed. 
 
 
 
 
 
 
 
 
 
 
 
 



 
Temporal variability of coccolithophores in NZ waters 
 
Jill Schwarz1, Cliff Law2* 

1School of Marine Science & Engineering, Plymouth University, Drake Circus, Plymouth PL4 8AA, UK, 2 NIWA, 
Evans Bay Parade, Kilbirnie, Wellington, NZ  
jill.schwarz@plymouth.ac.uk  
 
The coccolithophores species Emiliania huxleyi forms vast blooms in many oceanic regions including the New 
Zealand EEZ. As these phytoplankton synthesise carbonate liths, their future distribution and abundance may be 
affected by decreasing carbonate availability in the surface ocean. However pH/CO2 manipulation experiments and 
other studies have shown conflicting responses to ocean acidification, and prediction of future trends is further 
complicated by their response to other climate-related stressors. We used the unique optical signal generated by the 
carbonate liths of E. huxleyi, and applied two different approaches to SeaWifs and MODIS satellite data to assess their 
spatial and temporal variability in New Zealand waters between 1998 and 2013. The resulting trends and their 
relationship to climate-related drivers and climate variability will be discussed. 

 
Microbial community changes due to climate change 
 
Els W Maas*, Debbie A Hulston, Tim J Burrell, Cliff S Law 
NIWA, Evans Bay Parade, Kilbirnie, Wellington, NZ  
Els.Maas@niwa.co.nz 
 
Few studies have investigated how bacterial community composition changes in response to climate change, in 
particular decreasing pH and increasing oceanic temperature. Research to date has shown that microbial communities 
alter under high CO2 and that the microbial community diverges from the original community. Several experiments (9) 
were conducted in which the pH was altered using CO2, and with both pH and temperature altered in some so that the 
effect of multiple stressors could be determined. Two experiments were conducted in oligotrophic water north of New 
Zealand, three in the subtropical front and one in all east of NZ, and three in subtropical waters north-east of NZ. The 
total microbial RNA was extracted at the start and end of the incubations and microbial community fingerprints of the 
active fraction of community were produced. The communities in all incubations diverged from the starting water 
even in the controls but the communities in the treatment incubations were more similar to each other than the control. 
In most experiments both temperature and pH appeared to have a greater effect on the bacterial diversity than pH or 
temperature individually. The results indicate that bacterial communities will change under climate change scenario 
and may become less diverse. 
 
	  

Will ocean acidification or eutrophication impact bacterioplankton diversity and carbon 
processing in the coastal Mediterranean Sea? 

Federico Baltar1,2*, Joakim Palovaara2, María Vila-Costa3, Hugo Sarmento4, Eva Calvo4, Cèlia Marrasé4, Josep M 
Gasol4, Jarone Pinhassi2 
1University of Otago, Department Marine Science, Dunedin, NZ, 2Centre for Ecology Evolution and in Microbial 
Model Systems, Linnaeus University, Kalmar, Sweden, 3Centre d'Estudis Avançats de Blanes-CSIC, Accés Cala Sant 
Francesc, Blanes, Spain, 4Institut de Ciències del Mar – CSIC, Pg. Marítim de la Barceloneta, Barcelona, Spain 
federico.baltar@otago.ac.nz 

 
Anthropogenic impacts such as ocean acidification and eutrophication menace the structure and functioning of marine 
ecosystem and the consequential role of the ocean in the carbon cycle. Despite marine bacteria play a paramount role 
in marine carbon fluxes, it is not clear if their diversity and functioning will be affected by changes in pH or/and 
nutrient concentration. We studied the response of bacterioplankton to reduced pH (ca. 0.3 units lower than the pH in 
the control mesocosm) and inorganic nutrient additions (ca. 10x the N and Si in situ concentrations, and P added at 
Redfield ratios), alone and in combination. This was done in three mesocosm experiments with water collected from 
the Blanes Bay (NW Mediterranean Sea). We tracked the daily changes in bacterial abundance and heterotrophic 
production (leucine incorporation), together with the analysis of the bacterial community composition (454 tag 
pyrosequencing of 16S rRNA) at the beginning and at the end of our 8 days experiments. Bacterial activity and 
community structure were more affected by nutrient enrichment than by acidification. However, pH variations had 



important influences on specific community members (e.g. SAR86 and SAR11), indicating that acidification could 
also have implications in the community by affecting abundant members.  
 

Bacterial extracellular enzyme activity in high CO2 vent waters 

Tim Burrell1, 2*, Els Maas1
, Paul Teesdale-Spittle2, Cliff Law1 

1 National Institute of Water and Atmospheric Research Ltd, Greta Point, Wellington. NZ, 2 Victoria University of 
Wellington, School of Biological Sciences, Wellington. NZ 

Timothy.Burrell@niwa.co.nz  

Bacterial extracellular enzyme activities are predicted to change under future Ocean Acidification conditions. Two 84 
hour perturbation incubations were completed using both artificially adjusted high CO2 seawater and naturally 
occurring high CO2 seawater from vents in the Bay of Plenty offshore Taupo Volcanic Zone. Elevated CO2 was 
investigated as a primary driver for change in extracellular enzyme activity, and whether other associated factors need 
to be considered in use of vent seawater as a realistic natural analogue for a future high CO2 ocean. 

	  

The consequences of rising acidity and CO2 on the sea ice microbial community 

Ken G Ryan1*, Andrew McMinn2, Marius Müller2, Andrew Martin1 
1Victoria University of Wellington, PO Box 600 Wellington, NZ, 2 University of Tasmania, Hobart, Tasmania, 
Australia 
Ken.Ryan@vuw.ac.nz  

During sea ice formation in winter, crystals of pure water form while salts are excluded into liquid brine channels 
within the ice. A complex community of algae and bacteria proliferate in sea ice, and are important primary producers 
in the Southern Ocean. In winter sea ice, respiration by bacteria dominates, causing pCO2 to rise and consequently pH 
to fall to less than 7.5. In summer, photosynthetic activity often depletes the dissolved CO2, and pH may rise to over 
9.5. This ecosystem therefore provides a unique opportunity to examine physiological adaptations to extremes in pH 
and pCO2. The addition of dissolved CO2 to sea water as predicted under future warming scenarios will alter carbon 
chemistry speciation (and pH), and this may modify rates of photosynthesis in non-calcifying phytoplankton.  

Sea ice algae (dominated by the dinoflagellate Polarella glacialis) were grown in situ in sea-ice brine enriched or 
depleted of dissolved CO2. Firstly, carbonate chemistry was manipulated using a gas mix of 700 µatm CO2, and 
maximum growth rates were observed at pH 8.4, but as pH became more acidic, overall algal growth rates declined. 
Conversely, using acid, bicarbonate and bases to increase pCO2 from 238–6066 µatm while holding pH constant, the 
growth rates of the brine algae increased by more than 20% and showed no decline at CO2 concentrations more than 
five times current ambient levels.Thus, CO2 and pH may affect the growth of brine algae in different ways. We 
conclude that projected increases in seawater pCO2, associated with OA, will not adversely impact brine algal 
communities. 

 

Inorganic carbon-use strategies and physiology of Macrocystis pyrifera under an ocean 
acidification scenario 
Pamela Fernández,1*, Maikee Roleda1,3, Ralf Rautenberger, R1, Chris Hepburn2, Catriona Hurd1,4 

1 University of Otago, Department of Botany, 464 Great King Street, Dunedin, 9016, NZ. 2 University of Otago, 
Department of Marine Sciences,	  PO Box 56, Dunedin, NZ,3 Bioforsk Norwegian Institute for Agricultural and 
Environmental Research, Kudalsveien 4, 8049 Bodø, Norway,4 Institute for Marine and Antarctic Studies (IMAS), 
University of Tasmania, Private Bag 129, Sandy Bay, Hobart, TAS 7001, Australia. 
pamela.fernandez@botany.otago.ac.nz  

The combinations of elevated CO2 (aq) and pH reduction of 0.4 units predicted by the year 2100 are expected to affect 
the carbon physiology of macroalgae. Carbon physiology of Macrocystis pyrifera was investigated under three pH 
treatments that represent the seawater carbonate conditions at pH (9.0), the current SW pH (8.1), and that predicted for 
future (7.6) oceans. The bicarbonate (HCO3

-) is the primary Ci form in seawater and its utilization is facilitated by the 
enzyme carbonic anhydrase (CA) and/or is directly taken up through direct uptake (e.g anion exchanger); these 
mechanisms can be inhibited by AZ and EZ, and DIDS, respectively. In this study, we hypothesize that (1) HCO3

- is 
the primary source of Ci to photosynthesis in M. pyrifera, and (2) under OA (pH=7.6), the higher CO2 level will be 



able to support photosynthesis when HCO3
- dehydration and transport mechanisms are blocked by inhibitors. After 7d 

of culture, the photosynthesis and growth responses are not affected by OA conditions. Photosynthesis was inhibited 
by 26% when external HCO3

- dehydration was blocked by AZ. When both external and internal HCO3
- dehydration 

were blocked by EZ, a 40% of inhibition was observed.  Our findings suggest that dissolved CO2 is not the primary 
source of Ci to M. pyrifera under today’s seawater pH conditions, nor under high or future pH scenarios, and that 
another HCO3

- transport mechanism(s) is involved in addition to the externally catalyzed dehydration of HCO3
-.	  

	  

Ocean acidification and fertilization in the Antarctic sea urchin Sterechinus neumayeri: the 
importance of polyspermy 
 
Mary A. Sewell1*, Russell B. Millar2, Pauline C. Yu3, Lydia Kapsenberg3, Gretchen E. Hofmann3 

1School of Biological Sciences and 2Department of Statistics, University of Auckland, NZ, 3Department of Ecology, 
Evolution and Marine Biology, University of California, Santa Barbara (UCSB), USA. 
m.sewell@auckland.ac.nz 
 
Ocean acidification (OA), the reduction of the seawater pH as a result of increasing levels of atmospheric CO2, is an 
important climate change stressor in the Southern Ocean and Antarctic. We examined the impact of OA on 
fertilization success in the Antarctic sea urchin Sterechinus neumayeri using pH treatment conditions reflective of the 
current and near future “pH seascape” for this species: current (control: pH 8.052, 384.1 µatm of pCO2), a high CO2 
treatment approximating the 0.2−0.3 unit decrease in pH predicted for 2100 (high CO2: pH 7.830, 666.0 µatm of 
pCO2), and an intermediate medium CO2 (pH 7.967, 473.4 µatm of pCO2). Using a fertilization kinetics approach and 
mixed-effect models, we observed significant variation in the OA response between individual male/female pairs (N = 
7) and a significant population-level increase (70−100%) in tb (time for a complete block to polyspermy) at medium 
and high CO2, a mechanism that potentially explains the higher levels of abnormal development seen in OA 
conditions. However, two pairs showed higher fertilization success with CO2 treatment and a nonsignificant effect. 
Future studies should focus on the mechanisms and levels of inter-individual variability in OA response, so that we 
can consider the potential for selection and adaptation of organisms to a future ocean. 
 
 

Larvae and juvenile coral eating crown of thorn’s starfish, Acanthaster planci in a warming 
and high CO2 ocean 
 	  
Pamela Kamya, Symon Dworjanyn, Benjamin Mos, Maria Byrne, Shawna Foo*	  
 University of Sydney, Australia	  
mbyrne@anatomy.usyd.edu.au	  
 	  
Outbreaks of the crown-of-thorns starfish (COTS), Acanthaster planci, contribute to declines of coral reefs throughout 
the Indo-Pacific. As the oceans warm and acidify, coral reefs are also susceptible to bleaching, disease and reduced 
calcification. The impacts of these stressors may be exacerbated by COTS predation, but it is not known how this 
predator will fare in a changing ocean. Larval and juvenile success are drivers of outbreaks and the sensitivities of 
these life stages to increased temperature (2-4°C) and acidification (0.3-0.5 pH units), as predicted for 2100, was 
investigated in flow-through cross-factorial experiments (3 temperature x 3 pH/pCO2 ). At optimal temperature (28°C) 
larvae were the largest across all pH treatments. Larvae and juveniles were negatively affected by increased 
temperature and acidification. Thus A. planci may be negatively impacted by near future ocean change. As 30°C SST 
may become the norm in low latitude tropical regions, poleward migration of A. planci may be expected as they 
follow optimal environmental conditions. In the absence of acclimation or adaptation, declines in low latitude 
populations may occur. The contrasting responses of COTS and coral larvae and juveniles to warming and 
acidification are considered in context with potential future change in tropical reef ecosystems.	  
	  
	  
Are Antarctic sea star larvae more sensitive to ocean acidification than non-polar species?	  
Miles Lamare*, Maria Gonzalez-Bernat, Mike Barker 
Department of Marine Science, University of Otago, Dunedin, NZ 
miles.lamare@otago.ac.nz  

High-latitude marine species presently inhabit cold waters that have relatively high pCO2, and low pH and calcite 
saturation states.  As a result, polar ecosystems have been put forward as a ‘bellwether’ of ocean acidification effects 
in marine ecosystems.  Understanding the response of polar marine ectotherms to ocean acidification is, therefore, of 



considerable interest and may provide the earliest indication of ecosystem responses to the process, and the role of 
physiology and acclimation in determining sensitivity to change.  To date, published information on how reproduction 
in free-spawning polar invertebrates will respond to acidification is limited to three species, with no winter spawners 
examined.  Using the winter-spawning circum-Antarctic sea star Odontaster validus, we examined fertilisation, larval 
survival and development under a controlled seawater treatment (temperature = -0.5°C, pH 8.1, pCO2(aq) = 326.6 
µatm, TA = 2274.2 µmol kg soln-1), two near-future pH treatments (pH 7.8 & pH 7.6) and an extreme treatment (pH 
7.0).  O. validus fertilisation and larval success declines in seawater pH conditions expected in coastal Antarctica over 
the coming decades, although the responses observed are within the range observed in warmer-water echinoderms. 

 
The importance of examining agents of global change over the life cycle of marine animals 
 
Nicole Phillips 

Coastal Ecology Laboratory (VUCEL) and School of Biological Sciences, Victoria University of 
Wellington, Wellington, NZ  
nicole.phillips@vuw.ac.nz 
 
The need to shift from examining effects of single stressors to multiple stressors on organisms is increasingly 
recognized, particularly in light of the complex components of global change and the high likelihood of interactive 
effects among them. In a rapidly changing ocean, organisms will be faced with exposure to stressors at multiple times 
over the course of their lives, with early stages particularly vulnerable. For organisms with complex life cycles, 
experiences at one life stage can have carry-over effects on later life stages, such that sub-lethal effects may mediate 
later vulnerability to further stress.  Here I will discuss recent work on intertidal gastropods with mixed development 
where larval survival and growth in the water column was dependent on whether embryos had experienced stress in 
benthic egg masses (high UVB, high water temperature, high salinity as found in tidal pools in summer) and also 
mediated by conditions experienced by larvae. These results demonstrate that previous experience of environmental 
stress can influence vulnerability of later life stages to further stress, and that focus on a single life stage, or single 
stressors, will underestimate cumulative and interactive effects of agents of global change. 
	  

Keynote – Sponsored by the Ministry for Primary Industries 

Effects of ocean acidification on marine fishes 

Philip Munday 
ARC Centre of Excellence for Coral Reef Studies, and School of Marine and Tropical Biology, James Cook 
University, Townsville, QLD 4811, Australia 
philip.munday@jcu.edu.au  

Marine fishes are thought to be relatively tolerant to rising CO2 levels and ocean acidification because they have well 
developed physiological mechanisms for acid-base regulation. With a few notable exceptions, most laboratory studies 
have confirmed this conclusion for basic life-history traits such as growth, development and survival. However, near-
future CO2 levels interfere with a range of sensory functions and behaviours in marine fishes. Changes include 
increased activity and boldness, impaired decision making and altered auditory and olfactory preferences. These 
sensory and behavioural changes affect a range of ecological processes, including predator-prey interactions, 
navigation and habitat selection. Similar behavioural changes have recently been detected in mollusks, indicating that 
behavioural effects of high CO2 are not restricted to fish. The underlying mechanism responsible for sensory and 
behavioural effects appears to be interference of elevated CO2 with brain neurotransmitter function, a previously 
unrecognized threat of ocean acidification. I conclude by examining the necessity to test the potential for adaptation in 
ocean acidification research. Short-term experiments have identified many of the potential ecological impacts of ocean 
acidification, but an evolutionary perspective is now required to predict the long-term consequences for marine 
ecosystems. 

	  

Physiological responses of Australian abalone to OA conditions 

Julian Atchison1, Fatemeh Hazeribaghdadabad2, Jeff Shimeta2, Rob Day1* 

1Zoology Department, University of Melbourne, Victoria 3010, 2School of Applied Sciences, RMIT University, 



Plenty Road, Bundoora, VIC 3083. 

r.day@unimelb.edu.au  

Effects of ocean acidification and warming on juveniles (4-5mm) of an abalone aquaculture hybrid, Haliotis rubra-
laevigata, were studied.  We exposed them to conditions predicted for 2100 (+4°C, pH7.6 and both) by independent 
applications of heating and CO2 to replicate tanks and comparisons to control tanks over 100 days, and sampled 
haemolymph at intervals from sequential abalone in each tank. There were no obvious changes in behavior or feeding 
patterns.  The first 10 days showed rapid changes in all haemolymph parameters. There were permanent and 
uncompensated decreases in extracellular pH and [HCO3

-] of the haemolymph. Concentrations of biologically 
significant ions (Ca2+, Mg2+, K+, Na+ and Cl-) varied over time, but the overall differences between treatments and 
ambient conditions were not significant. Similarly, the concentration of haemocytes circulating in the haemolymph 
was not significantly different overall between treatments. Low pH stopped all growth (measured over 100 days) at 
ambient temperatures, and shells shrank by an average of 1.43%, but growth was not significantly affected at the 
elevated temperature. Low pH caused erosion of the shell surface at both temperatures. Acidosis of the haemolymph 
may require an energetically costly compensation, leading to the negative impact on growth. Perhaps higher 
temperatures reduce the costs of growth or compensation. 

Biodeposit production in the Antarctic bivalve, Laternula elliptica under pH stress 
 
Christine Bylenga*1, Vonda Cummings2, Neill Barr2, Ken Ryan1 

1VUW, School of Biological Sciences, Kelburn Parade, Kelburn, Wellington, NZ, 2NIWA, Wellington, NZ 
*christine.bylenga@vuw.ac.nz 
 
Under pH stress, some invertebrates have been observed to reduce feeding activity and an increase in mucus 
production has been observed in some bivalves. To observe the responses in Antarctic bivalves, adult Laternula 
elliptica were exposed to experimentally reduced pHs of 7.78 and 7.54 for a period of 48 hours. Over the course of the 
experiment, which was conducted in Antarctica, the clams were fed concentrated sea ice algae. The accumulation of 
faeces and pseudofaeces was measured. Dry weight analysis of biodeposit production, as well as the relative 
production and organic content of pseudofaeces and faeces will be examined and presented. Our results will be 
discussed in light of existing knowledge of stress and metabolic responses of this key bivalve to simulated ocean 
acidification in the laboratory. 
 
The role of symbiont photosynthesis in buffering the effects of ocean acidification on reef 
corals 
 
Emma M. Gibbin1, Hollie M. Putnam2, Simon K. Davy1*, Ruth D. Gates2 
1School of Biological Sciences, Victoria University of Wellington, Kelburn Parade, Wellington, 6140, NZ, 2Hawaii 
Institute of Marine Biology, University of Hawaii, PO Box 1346, Kaneohe, HI 96744, USA 
simon.davy@vuw.ac.nz 
 
Regulating intracellular pH (pHi) is critical for optimising the metabolic activity of corals, yet mechanisms involved in 
pH regulation and the buffering capacity within coral cells are not well understood. Our study investigated how the 
presence of symbiotic dinoflagellates affects the response of pHi to pCO2-driven seawater acidification in cells 
isolated from the Hawaiian reef coral Pocillopora damicornis. After two hours of CO2 addition, by which time the 
external pH (pHe) had declined to 6.8, the dinoflagellate symbionts had increased their pHi by 0.5 pH units above 
control levels. In contrast, in both symbiotic and non-symbiotic host coral cells, 15 min of CO2 addition (0.2 pH unit 
drop in pHe) led to cytoplasmic acidosis equivalent to 0.4 pH units. Despite further seawater acidification over the 
duration of the experiment, the pHi of non-symbiotic coral cells did not change, though in host cells containing a 
symbiont cell the pHi recovered to control levels. This recovery was negated when cells were incubated with the 
photosynthetic inhibitor DCMU. Our results reveal that photosynthetic activity in the endosymbiont is tightly coupled 
with the ability of the host cell to recover from cellular acidosis after exposure to high CO2 / low pH. 

 
The projected impact of ocean acidification on Fijian and Tuvaluan coral reefs 
 
Antoine De Ramon N’Yeurt 

PaCE-SD, The University of the South Pacific, Private Mail Bag, Suva, Fiji 
nyeurt_a@usp.ac.fj 
 



If the current rates of anthropogenic CO2 emissions into the atmosphere are maintained, ocean acidification is expected 
to increase in the world’s oceans. Island nations such as Fiji and Tuvalu, with large oceanic areas, are expected to be 
greatly affected by this phenomenon. In particular, some of the beaches on atoll islands are composed of up to 70% 
foraminifera, calcified microalgae which are also organisms which will be the most susceptible to an increase in the 
acidity of oceanic waters. Combined with the climate change induced effect of coastal erosion due to sea-level rise and 
stronger cyclones, tidal currents and storm surges, reductions in foraminiferous sediment inputs can have a disastrous 
effect on the stability of vulnerable coral atolls which are also home to Pacific communities. Ocean acidification will 
also negatively affect the growth and reproduction of coralline algae, calcified encrusting organisms which play a 
crucial role in cementing together and strengthening the fore reef of atolls and high islands, which bear the brunt of 
incident wave energy. A weakening of the fore reef structure can lead to collapse of the reef structure in this critical 
zone, allowing the full force of storm surges, cyclones and tsunamis to reach populated coastal areas, with disastrous 
consequences. Some adaptation measures for Pacific islands to mitigate the effects of ocean acidification are 
proposed, along with a roadmap for sustainable use of limited natural resources without compromising oceanic pH 
values. 
	  

Report on the joint NZ-US workshop: "Future Proofing NZ Shellfish Aquaculture" 

Vonda Cummings 
NIWA, Evans Bay Parade, Kilbirnie, Wellington, NZ  
Vonda.Cummings@niwa.co.nz   

This talk will provide a brief summary of the recent joint US-NZ ocean acidification workshop, Future proofing New 
Zealand’s shellfish aquaculture: monitoring and adaptation to ocean acidification, held in Nelson, 3-4th December 
2013.  

 

Ocean acidification – A perspective from the New Zealand shellfish industry 

Colin Johnston 
Aquaculture NZ 
colin.johnston@aquaculture.org.nz  

Greenshell mussel aquaculture is worth over $250m to the New Zealand economy every year. Pacific oyster 
production adds another $18m of value. Both the mussel and oyster industries rely heavily on wild caught spat 
settlement to provide seedstock each growing cycle. Pacific oyster seedstock is also produced commercially from a 
hatchery at the top of the South Island, and a major Primary Growth Partnership (PGP) is in place to develop 
commercial mussel spat supplies from hatchery broodstock. Ocean acidification is a concern for the industry for a 
number of reasons. To plan for the future industry needs to know by what degree New Zealand waters will be affected 
by ocean acidification, whether that will be consistent or will display geographic and/or seasonal variation. Questions 
also arise over the long term effects on the settlement of wild spat and potential resultant seedstock supply issues. 
Future planning for hatchery location and capacity, mitigation techniques and farm location would benefit from 
reliable information regarding the scale of ocean acidification in New Zealand waters.  

 
We need your help to manage our coastal and marine area 
 
Hilke Giles 

Waikato Regional Council, Private Bag 3038, Waikato Mail Centre, Hamilton, NZ  
hilke.giles@waikatoregion.govt.nz 
 
The Hauraki Gulf has been identified as an area affected by ocean acidification. The Firth of Thames part of the Gulf 
is particularly vulnerable to ocean acidification due to the interactions of nutrient rich land run-off, upwelling and low 
oxygen levels in some parts of the area.  
 
Ocean acidification is of great relevance for regional councils as it is likely to have adverse effects on natural 
resources (e.g. shellfish), economic development (e.g. mussel farming) and general ecosystem functioning. 
 
The purpose of this presentation is to demonstrate the role regional councils play in managing issues related to ocean 
acidification and the information needs and gaps. We hope to initiate working relationships that will help regional 



councils gain access to information on ocean acidification that supports science-based resource management decision-
making. 
	  

An overview of New Zealand’s draft Marine Research Strategy and signals about ocean 
acidification research over the coming decade  
 
Mary Livingston 

MPI, Pastoral House, 25 The Terrace, PO Box 2526 Wellington, NZ  
mary.livingston@mpi.govt.nz 
 
New Zealand’s Natural Resource Sector has identified information from the marine domain as a priority for New 
Zealand and has requested the development of a national Marine Research Strategy. The draft Strategy is nearing 
completion. This presentation will provide an overview of the most recent draft and will canvass feedback from the 
OA meeting on how to ensure that we have this area of research captured as part of the long-term plan.  
	  

Keynote – sponsored by the NZ-US Joint Commission Meeting (JCM) on Science and 
Technology Cooperation: Marine and Oceans theme (Ministry of Business, Innovation and 
Employment and NIWA) 
	  
Global Ocean Acidification Observing Network (GOA-ON) and US ocean acidification 
research 

Libby Jewett 
NOAA 
libby.jewett@noaa.gov 

Efforts to monitor both the changing ocean chemistry but also the impacts of this change on marine ecosystems, as a 
result of ocean acidification, are expanding around the world.  However, many countries are economically challenged 
which means that we need to seek out coordinated opportunities among countries wherever possible. This presentation 
will given basic details about the current understanding of open water versus coastal acidification, provide some 
details about research and monitoring happening around the world, and give an update on the structure of the Global 
Ocean Acidification Observing Network and the requirements for participation. Additionally, an overview of the US 
carbon and ocean acidification monitoring and research portfolio as led by the US National Oceanic and Atmospheric 
Administration (NOAA) will follow.  This portfolio includes monitoring via ship cruises, volunteer ship observing 
and moorings, experimental and field research into the impacts of future pCO2 levels on marine species, development 
of forecasting models and synthesis products, and education and outreach. This presentation can hopefully lead to a 
fruitful discussion of shared interests and potential for collaboration 

	  

Multiple stressors in coastal ecosystems:  linking ocean acidification, eutrophication and 
land use 

John Zeldis1,4, Kim Currie2*, Mark Gall3 
NIWA, 1Christchurch, 2Dunedin, 3Wellington and 4University of Auckland, NZ 
John.Zeldis@niwa.co.nz 

The coastal seas are impacted by the numerous human activities including urban run-off, changing riverine inputs, 
changing sediment loads, recreational and commercial fishing, as well as the effects of ocean acidification due to 
uptake of atmospheric carbon dioxide.  The propensity of a coastal water body to emit or consume CO2 is related to its ‘net 
ecosystem metabolism’ (NEM). NEM is positive, or ‘autotrophic’, where gross primary production exceeds community 
respiration, and dissolved inorganic carbon (DIC) is consumed, and negative or ‘heterotrophic’ where respiration exceeds 
production and DIC is generated.  In this talk we describe coastal nutrient budgets for the Hauraki Gulf and adjacent Firth of 
Thames, the latter of which receives high runoff from local region farming and is highly net-heterotrophic (ie community 
respiration exceeds gross primary production). We describe our recent ship surveys of the carbonate system of the Hauraki 
Gulf/Firth region which show high pCO2 and low pH in the Firth. We show regional (Firth-Gulf-continental shelf) and 
seasonal variation in these properties, and how we are combining nutrient budget and carbonate system surveys with 
sampling of bio-optical properties to understand the drivers of NEM and to assess them using remote sensing. 



	  

	  

Low-cost sensors for fine-scale measurements of seawater carbonate 
 
Rachel Rockwell1, Jerry Breecher2, Laura Migliaccio1, Kelli Stockmal1, Jia Wei1, Bram Smith1, Sergio Granados-
Focil1, Christina M. McGraw1,3*	  
1 Carlson School of Chemistry and Biochemistry, Clark University, Worcester, MA, USA,	   2 Computer Science 
Department, Worcester Polytechnic Institute, Worcester, MA, USA,	   3 Institute for Marine and Antarctic Studies, 
University of Tasmania, Australia	  
cmcgraw@clarku.edu  

 
Variability in marine carbonate at short time scales (tidal, daily, and seasonal) can be much greater than the predicted 
end-of-century changes due to ocean acidification. However, these fluctuations are difficult to measure directly, so 
carbonate is usually calculated from measured values of at least two other carbon chemistry parameters (pH, pCO2, 
dissolved inorganic carbon, alkalinity). To measure carbonate directly, solid-contact fabrication techniques were used 
to develop a rugged, $1 carbonate ion-selective electrode array.  This carbonate sensor has a lifetime of 72 hours and a 
linear response range that encompasses relevant marine concentrations. In order to use these sensors to measure 
localized variability, a low-cost (<$150) electronic platform was also developed. Laboratory validation indicates that 
the device is currently capable of collecting and logging temperature, pH, and carbonate every two minutes for up to 
two weeks. 
	  

Posters 
 
The combined effects of low pH and elevated temperature on the growth of two calcareous 
rhodolith, and three frondose macroalgae from New Zealand 
	  
Neill Barr1*, Kate Neill1, Sheryl Miller1, Wendy Nelson1, Kristin Scheuer2, Graeme Moss1 
 1NIWA, Greta Point, Wellington, NZ, 2University of Canterbury, NZ 
Neill.Barr@niwa.co.nz  
 
We examined the effect of changes in pH and temperature predicted to occur around New Zealand coasts by 2100, on 
five seaweeds. Over the 12 day duration of the experiment Ulva showed increased growth rate in response to low 
(7.65) pH seawater, relative to ambient (8.05) pH, at all temperatures examined. The optimum temperature for growth 
in Ulva at ambient pH was between 15 and 18°C, however at low pH the optimum temperature for growth was lower 
at 13°C. Gracilaria had the highest growth rate at 22°C at ambient pH but had significantly lower growth in low pH 
seawater at this same temperature. At lower temperatures there was little evidence of a growth response in Gracilaria 
to pH level. Undaria had the highest growth rate at 11°C at both ambient and low pH seawater, and similarly to 
Gracilaria, growth showed little response to pH level. Compared with the growth patterns observed in these three 
frondose seaweeds, we found that two rhodolith species (Sporolithon durum and Lithothamnion crispatum), under 
similar experimental conditions, clearly demonstrated that the combined effects of elevated temperature and decreased 
pH, predicted for our future coasts, had a significant negative impact on growth. 
 

	  

Help, help, I’m being repressed - ocean acidification and sub-lethal metabolic stress 
responses in an Antarctic clam 
 
Sonja Hempel*1, Ken Ryan1, Vonda Cummings2, Neill Barr2,, Graeme Moss2 
1 VUW, School of Biological Sciences, Kelburn Parade, Kelburn, Wellington, NZ 
2 NIWA, Evans Bay Parade, Kilbirnie, Wellington, NZ  
hempelsonj@myvuw.ac.nz 
 
This poster presents proposed research that will be undertaken for a Master’s thesis concerning ocean acidification and 
climate change in the Southern Ocean and its effects on a prevalent clam species. Laternula elliptica is found 
throughout Antarctica at high regional densities and is a major source of water filtration and bentho-pelagic coupling 
for the Antarctic benthic ecosystem. It has a particularly narrow thermal envelope, being unable to perform critical 
functions at temperatures only a few degrees above ambient. This temperature limitation, added to its susceptibility as 
a calcifier under future ocean conditions, means that L. elliptica is at risk of metabolic and physiological stress. Even 



without suffering direct mortality, the species can experience sub-lethal stresses as a result of environmental 
conditions which depress physiological function. This repression may stimulate an increase in RNA, heat shock 
proteins (HSP), antioxidants, and oxygen consumption, or a decrease in growth rate, as the organism works to 
compensate. These markers of physiological depression will be studied under increased temperatures and acidities to 
determine: the overall sub-lethal stress response of L. elliptica; to what level its metabolism is affected by future 
temperature and pH predictions; and whether it can acclimate over time. 
	  

	  

Antarctic sea ice communities, ocean warming and acidification: in situ experimental 
manipulations 
 
Vonda Cummings,1, Drew Lohrer2, Neill Barr 1, Peter Marriott 1, Peter Notman 1, Scott Edhouse2, David Bremner2, 
Rod Budd2 
National Institute of Water and Atmospheric Research, NZ 
1Wellington and 2Hamilton 
Vonda.Cummings@niwa.co.nz  
 
Sea-ice flora and fauna, and particularly sea ice algae, form a vital component of the Antarctic marine food web. 
Ocean warming and acidification are imminent threats in Antarctica and pose a complex set of challenges for these 
under-ice communities and the seafloor animals that rely on them for food. We investigate how the functioning and 
dynamics of intact sea ice ecosystems might respond in a modified environment, through experiments conducted in 
situ at Cape Evans, Ross Sea, Antarctica in the early austral summer of 2013. We assessed the separate and interactive 
effects of warming and acidification on sea ice communities, using purpose built under-ice isolation chambers and an 
above-ice seawater manipulation system. Chambers were installed and three preliminary experiments were conducted 
over a period of four weeks; results and analyses are pending. 
	  

The adaptive phenotypic capacity of embryos and larvae of Crown of Thorns starfish 
(Acanthaster planci) to climate change 

Kate Sparks1*, Shawna Foo2, Sven Uthicke3, Maria Byrne2, Miles Lamare1. 
1University of Otago, NZ 2University of Sydney, Australia 3Australian Institute of Marine Science, Australia 
spaka870@student.otago.ac.nz 

Acanthaster planci (L.) is a corallivorous sea star capable of decimating large areas of coral reef in sporadic, explosive 
population outbreaks. Early larval stages are acknowledged to be a ‘bottleneck’ of mortality in terms of survival 
response to climate change.  

Ocean acidification has a significant negative effect on fertilisation, larval development and settlement of A.planci, 
The capacity for adaptation to environmental stressors is vital if this species is to survive the predicted changes to 
ocean temperature and carbonate biochemistry. 

Phenotypic variation within an offspring population (i.e. embryos and larvae) exposed to ocean warming and 
acidification will indicate adaptive capacity and therefore species’ survival prospects within the reef ecosystem. The 
existence of tolerant phenotypes is expected to indicate that future adaptation to climate change is possible for the 
developmental stages of A.planci.  

Data presented will aim to describe the range of relevant larval phenotypes from within an ‘outbreak’ population. 
Studying adaptation to climate change using the developmental stages as a model is an important part of 
understanding the predicting and understanding the state of the oceans in the near future.  

 
A world 1st for deep-sea coral Solenosmilia variabilis 
 
Di Tracey*, Neill Barr and Vonda Cummings  
NIWA, Evans Bay Parade, Kilbirnie, Wellington, NZ  
Di.Tracey@niwa.co.nz  
 
As a precursor to conducting laboratory trials on live deep-sea coals to investigate growth, resilience, and ocean 
acidification impacts a study was carried out to evaluate the feasibility of successfully collecting live specimens at sea 



and maintaining them in the laboratory. One live colony of the reef–forming scleractinian stony coral (Solenosmilia 
variabilis) was successfully sampled on a Tangaroa voyage to the Bay of Plenty region at the southern end of 
Kermadec Arc and was kept alive at the NIWA Mahanga Bay facility for 14 months from collection date. This species 
survived for a long period in environmental conditions that reasonably represented its natural environment and S. 
variabilis appears to be a robust species for in-aquaria studies. The survival period in-aquaria is a world first for this 
species. 
 
Further research is required to improve our understanding of the impacts of ocean acidification on deep-sea coral 
growth. Clearly, different species have different tolerances for changes in temperature and other environmental 
parameters and more effort needs to be put into understanding and researching coral groups that commonly occur in 
New Zealand waters. 
 


