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News 

Many of our New Zealand scientists have been attending the Ocean in High CO2 world conference in Hobart of the 
last week. Below is a short summary provided by Di Tracey. But we would love to hear more stories and reports from 
other participants at the conference and associated workshops  – please send them through and share them with 
the community in the next newsletter.  

The Ocean in a High-CO2 World 

The 4th International Symposium on the Ocean in a High-CO2 World was held early May in Hobart. The symposium 
enabled a worldwide community of scientists to share their ocean acidification (OA) research results and develop 
new research collaborations. New Zealand scientists were able to present the broad scope of our research and 
multiple approaches to the challenge of OA impacts in our region. Our collaborative OA work in NZ was highlighted 
particularly through the new CARIM Project (Coastal Acidification: Rate, Impacts and Management). Our 
presentations contributed to the various themes and ranged from organism responses to OA (Antarctic bi-valves, 
mussels, and deepsea corals), our multi-stressors experiments, and our advances in OA monitoring – ‘Many 
environments, many pH regimes: the first year of the New Zealand ocean acidification Observing Network’.  We 
attended workshops prior to and after the conference. These were: Chemical, biological, and statistical 
considerations for ocean acidification experiments; Global Ocean Acidification Observing Network (GOA-ON) 
Workshop;  and the Multiple stressors and marine biota workshop. The science will need to continue to be 
collaborative within the disciplines and continue to include industry – we showed the way with our CARIM 
Programme and involvement in International meetings.  

Pacific islands ocean acidification vulnerability assessment. 

The Pacific island region covers an area of more than 27 million km2 and is dominated by ocean. The 22 Pacific island 
countries and territories are mostly small island states with significant geological, biological, and social diversity. 
Unsurprisingly, Pacific island people have a high dependence on their ocean resources for food security, livelihoods, 
and economic revenue, as well as cultural connections to marine environments and animals. Throughout the tropical 
Pacific, fisheries and aquaculture make vital contributions to economic development, government revenue, food 
security, and livelihoods. Climate change, and ocean acidification, are expected to have profound effects on the 
status and distribution of coastal and oceanic habitats, the fish and invertebrates they support and, as a result, the 
productivity of fisheries and aquaculture. The best available modelling suggests that by 2050, only about 15% of 
coral reefs around the world will be in areas where aragonite levels are ‘adequate’ for sustainable coral growth. The 
Pacific island region will experience similar changes and, as a result, oceanic and coastal reef habitats are expected 
to be modified. Subsequent declines in fisheries productivity of some target species (e.g. reef fish and sea 
cucumbers) and impacts on calcareous aquaculture commodities (e.g. pearl oysters and marine ornamentals) are 
anticipated. (…) 

http://www.highco2-iv.org/2380
http://www.highco2-iv.org/workshop-chemical
http://www.highco2-iv.org/workshop-chemical
http://www.highco2-iv.org/workshop-goa-on
http://www.highco2-iv.org/workshop-goa-on
http://www.highco2-iv.org/workshop-stressors


Johnson J., Bell J. & Gupta A. S., 2016. Secretariat of the Pacific Regional Environment Programme (SPREP), Apia, 
Samoa, 40 p. Report. 

International OA news 

The “OA-ICC Highlights” is a quarterly newsletter and all previous editions can be viewed here. 

Upcoming events 

9th Annual NZOA workshop 
 
The 9th Annual New Zealand Ocean Acidification workshop will be held on Friday 8th July at Victoria University 
Wellington, following the AMSA/NZMSS conference. Scientists, policy makers and stakeholders are all welcome. The 
workshop this year includes a plenary speaker Sean Connell from the University of Adelaide, short talks, updates 
from OA projects, and short discussion sessions on OA research coordination, directions and value to management, 
mitigation and adaptation. Please submit abstracts for talks and posters by the 31st May (template available from 
Helen.Bostock@niwa.co.nz). We also encourage people to present talks at the OA session at the NZMSS on the 7th 
July. 

 

Selection of recent papers from the SW Pacific  

Microelectrode characterization of coral daytime interior pH and carbonate chemistry Reliably predicting how 
coral calcification may respond to ocean acidification and warming depends on our understanding of coral 
calcification mechanisms. However, the concentration and speciation of dissolved inorganic carbon (DIC) inside 
corals remain unclear, as only pH has been measured while a necessary second parameter to constrain carbonate 
chemistry has been missing. Here we report the first carbonate ion concentration ([CO32−]) measurements together 
with pH inside corals during the light period. We observe sharp increases in [CO32−] and pH from the gastric cavity 
to the calcifying fluid, confirming the existence of a proton (H+) pumping mechanism. We also show that corals can 
achieve a high aragonite saturation state (Ωarag) in the calcifying fluid by elevating pH while at the same time 
keeping [DIC] low. Such a mechanism may require less H+-pumping and energy for upregulating pH compared with 
the high [DIC] scenario and thus may allow corals to be more resistant to climate change related stressors. Cai W.-J., 
et al., 2016.. Nature Communications 7:11144. Article. 

Effects of high dissolved inorganic and organic carbon availability on the physiology of the hard coral Acropora 
millepora from the Great Barrier Reef. Coral reefs are facing major global and local threats due to climate change-
induced increases in dissolved inorganic carbon (DIC) and because of land-derived increases in organic and inorganic 
nutrients. Recent research revealed that high availability of labile dissolved organic carbon (DOC) negatively affects 
scleractinian corals. Studies on the interplay of these factors, however, are lacking, but urgently needed to 
understand coral reef functioning under present and near future conditions. This experimental study investigated 
the individual and combined effects of ambient and high DIC (pCO2 403 μatm/ pHTotal 8.2 and 996 μatm/pHTotal 
7.8) and DOC (added as Glucose 0 and 294 μmol L-1, background DOC concentration of 83 μmol L-1) availability on 
the physiology (net and gross photosynthesis, respiration, dark and light calcification, and growth) of the 
scleractinian coral Acropora millepora (Ehrenberg, 1834) from the Great Barrier Reef over a 16 day interval. High DIC 
availability did not affect photosynthesis, respiration and light calcification, but significantly reduced dark 
calcification and growth by 50 and 23%, respectively. High DOC availability reduced net and gross photosynthesis by 
51% and 39%, respectively, but did not affect respiration. DOC addition did not influence calcification, but 
significantly increased growth by 42%. Combination of high DIC and high DOC availability did not affect 
photosynthesis, light calcification, respiration or growth, but significantly decreased dark calcification when 
compared to both controls and DIC treatments. On the ecosystem level, high DIC concentrations may lead to 
reduced accretion and growth of reefs dominated by Acropora that under elevated DOC concentrations will likely 
exhibit reduced primary production rates, ultimately leading to loss of hard substrate and reef erosion. It is therefore 
important to consider the potential impacts of elevated DOC and DIC simultaneously to assess real world scenarios, 
as multiple rather than single factors influence key physiological processes in coral reefs. Meyer F. W., et al., 2016. 
PLoS ONE 11(3):e0149598. Article.  

http://www.sprep.org/publications/pacific-islands-ocean-acidification-vulnerability-assessment
https://www.iaea.org/ocean-acidification/page.php?page=2236
mailto:Helen.Bostock@niwa.co.nz
http://dx.doi.org/10.1038/ncomms11144
http://dx.doi.org/10.1371/journal.pone.0149598


Effects of ocean warming and lowered pH on algal growth and palatability to a grazing gastropod.Macroalgae 
support productive and diverse communities in marine habitats worldwide, but are threatened by changes to ocean 
conditions and altered interactions with marine herbivores. To better understand how non-calcifying macroalgae can 
persist in a changing ocean, we investigated the effects of co-occurring warming and ocean acidification on six 
species of temperate macroalgae, and subsequent change in palatability to a common gastropod herbivore. Algal 
growth was unaffected by moderate temperate increases of 2 °C, but five of the six species displayed reduced 
growth at increases of 4 °C. Lowered pH affected the growth of two species, with no interactions between 
temperature and pH evident. Changes to temperature and pH environment had little effect on the palatability of 
these algae to the gastropod Phasianotrochus eximius, with lowered pH increasing subsequent palatability for only 
one species of macroalgae. These results highlight the variation among algal species in their responses to changed 
ocean conditions and likely interactions with their consumers. Poore A. G. B., et al., 2016. Marine Biology 163:99. 
Article (subscription required). 

Mangrove and seagrass beds provide different biogeochemical services for corals threatened by climate change. 
Future ocean acidification scenarios have the potential to impact coral growth and associated reef function, 
although reports suggest such affects could be reduced in adjacent seagrass habitats as a result of physio-chemical 
buffering. To-date, it remains unknown whether these habitats can actually support the metabolic function of a 
diverse range of corals. Similarly, whether mangroves provide the same ecological buffering service remains unclear. 
We examine whether reef-associated habitat sites (seagrass and mangroves) can act as potential refugia to future 
climate change by maintaining favorable chemical conditions (elevated pH and aragonite saturation state relative to 
the open-ocean), but by also assessing whether the metabolic function (photosynthesis, respiration and calcification) 
of important reef-building corals are sustained. We investigated three sites in the Atlantic, Indian and Pacific Oceans 
and consistently observed that seagrass beds experience an overall elevation in mean pH (8.15 ± 0.01) relative to the 
adjacent outer-reef (8.12 ± 0.03), but with periods of high and low pH. Corals in the seagrass habitats either 
sustained calcification or experienced an average reduction of 17.0 ± 6.1 % relative to the outer-reef. In contrast, 
mangrove habitats were characterized by a low mean pH (8.04 ± 0.01) and a relatively moderate pH range. Corals 
within mangrove-dominated habitats were thus pre-conditioned to low pH but with significant suppression to 
calcification (70.0 ± 7.3 % reduction relative to the outer-reef). Both habitats also experienced more variable 
temperatures (diel range up to 2.5°C) relative to the outer-reef (diel range less than 0.7°C), which did not correspond 
with changes in calcification rates. Here we report, for the first time, the biological costs for corals living in reef-
associated habitats and characterize the environmental services these habitats may play in potentially mitigating the 
local effects of future ocean acidification. Camp E. F., et al., 2016. Frontiers in Marine Science 3:52. Article.  

Empirical algorithms to estimate water column pH in the Southern Ocean. Empirical algorithms are developed 
using high-quality GO-SHIP hydrographic measurements of commonly measured parameters (temperature, salinity, 
pressure, nitrate, and oxygen) that estimate pH in the Pacific sector of the Southern Ocean. The coefficients of 
determination, R2, are 0.98 for pH from nitrate (pHN) and 0.97 for pH from oxygen (pHOx) with RMS errors of 0.010 
and 0.008, respectively. These algorithms are applied to Southern Ocean Carbon and Climate Observations and 
Modeling (SOCCOM) biogeochemical profiling floats, which include novel sensors (pH, nitrate, oxygen, fluorescence, 
and backscatter). These algorithms are used to estimate pH on floats with no pH sensors and to validate and adjust 
pH sensor data from floats with pH sensors. The adjusted float data provide, for the first time, seasonal cycles in 
surface pH on weekly resolution that range from 0.05 to 0.08 on weekly resolution for the Pacific sector of the 
Southern Ocean. Williams N. L., et al., 2016.  Geophysical Research Letters. Article (subscription required). 

Pinctada margaritifera responses to temperature and pH: Acclimation capabilities and physiological limits. The 
pearl culture is one of the most lucrative aquacultures worldwide. In many South Pacific areas, it depends on the 
exploitation of the pearl oyster Pinctada margaritifera and relies entirely on the environmental conditions 
encountered in the lagoon. In this context, assessing the impact of climatic stressors, such as global warming and 
ocean acidification, on the functionality of the resource in terms of renewal and exploitation is fundamental. In this 
study, we experimentally addressed the impact of temperature (22, 26, 30 and 34 °C) and partial pressure of carbon 
dioxide pCO2 (294, 763 and 2485 μatm) on the biomineralization and metabolic capabilities of pearl oysters. While 
the energy metabolism was strongly dependent on temperature, results showed its independence from pCO2 levels; 
no interaction between temperature and pCO2 was revealed. The energy metabolism, ingestion, oxygen 
consumption and, hence, the scope for growth (SFG) were maximised at 30 °C and dramatically fell at 34 °C. 
Biomineralization was examined through the expression measurement of nine mantle’s genes coding for shell matrix 
proteins involved in the formation of calcitic prisms and/or nacreous shell structures; significant changes were 
recorded for four of the nine (Pmarg-Nacrein A1, Pmarg-MRNP34, Pmarg-Prismalin 14 and Pmarg-Aspein). These 

http://dx.doi.org/10.1007/s00227-016-2878-y
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changes showed that the maximum and minimum expression of these genes was at 26 and 34 °C, respectively. 
Surprisingly, the modelled thermal optimum for biomineralization (ranging between 21.5 and 26.5 °C) and somatic 
growth and reproduction (28.7 °C) appeared to be significantly different. Finally, the responses to high temperatures 
were contextualised with the Intergovernmental Panel on Climate Change (IPCC) projections, which highlighted that 
pearl oyster stocks and cultures would be severely threatened in the next decade. Le Moullac G., et al., 2016. 
Estuarine, Coastal and Shelf Science. Article (subscription required). 

Long-term effects of altered pH and temperature on the feeding energetics of the Antarctic sea urchin, Sterechinus 
neumayeri. This study investigated the effects of long-term incubation to near-future combined warming (+2 °C) and 
ocean acidification (−0.3 and −0.5 pH units) stressors, relative to current conditions (−0.3 °C and pH 8.0), on the 
energetics of food processing in the Antarctic sea urchin, Sterechinus neumayeri. After an extended incubation of 40 
months, energy absorbed, energy lost through respiration and lost as waste were monitored through two feeding 
cycles. Growth parameters (mass of somatic and gonad tissues and the CHN content of gonad) were also measured. 
There were no significant effects of combined ocean acidification (OA) and temperature stressors on the growth of 
somatic or reproductive tissue. Despite more food being consumed in the low temperature control, once food 
processing and maintenance costs were subtracted, there were no significant effects of treatment on the scope for 
growth. The biggest significant differences were between amounts of food consumed during the two feeding cycles. 
More food was consumed by the low temperature (0 °C) control animals, indicating a potential effect of the changed 
conditions on digestive efficiency. Also, in November, more food was consumed, with a higher absorption efficiency, 
which resulted in a higher scope for growth in November than September and may reflect increased energetic needs 
associated with a switch to summer physiology. The effect of endogenous seasonal cycles and environmental 
variability on organism capacity is discussed. Morley S., et al., 2016. Biodiversity. Article (subscription required). 

Reminder - Sharing your expertise and published data 
NOAC database 

NZOAC website http://nzoac.nz/%20-%20new-zealand-ocean-acidification-community/ . We hope you have all had a 
chance to have a look at this and bookmarked it for future. The facebook page has also been very popular with a few 
new postings. https://www.facebook.com/NewZealandOceanAcidificationCommunity/   

Please can researchers, students and professionals fill out the expertise database:  If you head to the Research tab, 
and scroll down you will see a button tab that says NZOAC Research Expertise 
Database:  https://docs.google.com/spreadsheets/d/1foA0D9bqj41HYnEFRT9I_veRhJES1U9AEaYCBRpQPnc/edit?usp
=sharing 

Note that there are two spreadsheets within this doc.  The first is: a space for everyone to add their expertise. The 
second is: a space for people to add their outreach/media activities 

OA-ICC data portal 

Numerous papers report the effects of ocean acidification on marine organisms and communities, but it has been 
difficult to compare the results since the carbonate chemistry and ancillary data are often reported in different units 
and scales, and calculated using different sets of constants. 

In response to this problem, a data compilation on the biological response to ocean acidification initiated by the EU 
projects EUR-OCEANS and EPOCA has been resumed in the framework of the International Atomic Energy Agency 
(IAEA) project “Ocean Acidification International Coordination Centre (OA-ICC)”. More than 30 data sets have been 
archived in the past several months, bringing the total number of data sets to 678. These data are open-access at 
Pangaea (https://www.iaea.org/ocean-acidification/page.php?page=2203). Relevant data already archived at BCO-
DMO, BODC and AAD are also included in this data compilation with links to original data sets and projects. 

If you are a scientist publishing on the biological response to ocean acidification, you will likely be contacted in the 
future. The OA-ICC thanks you in advance for sharing your data, it is a great way to get more citations! 
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