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New web-based simulation and decision support tool for experimental design: the Multiple 
Environmental Driver Design Lab for Experiments (MEDDLE) 

A new guide to running best practice experiments in ocean research was developed by the Scientific Committee on 
Oceanic Research (SCOR) Working Group 149. The Multiple Environmental Driver Design Lab for Experiments 
(MEDDLE) provides learning material and user-friendly experimental design tools to help scientists create accurate 
and statistically meaningful single and multi driver experiments. The MEDDLE simulator is a computer model that 
mimics some typical responses of marine organisms to multiple drivers. It allows users to run several virtual 
laboratory experiments by setting the combined levels of the drivers, choosing the number of replicates, and 
considering natural variability. The aim of this new tool is to provide guidance in supporting best practices for oceanic 
research. 

MEDDLE website. 
MEDDLE handbook. 
Video gallery. 

 

Postdoctoral opportunity: ocean acidification coral reef science 

he Cooperative Institute for Marine and Atmospheric Studies (CIMAS) at the University of Miami invites applications 
for a postdoctoral associate specializing in coral reef carbonate chemistry to work closely with scientists at RSMAS 
and NOAA’s Atlantic Oceanographic and Meteorological Laboratory’s Ocean Chemistry and Ecosystem Division 
(AOML/OCED).The position is for one year and does not require the applicant to relocate to Miami.  Duties can be 
fulfilled remotely. The position is within the Acidification, Climate, and Coral Reef Ecosystems Team 
(ACCRETE, http://www.coral.noaa.gov/research/accrete.html), a subunit of the Coral Health and Monitoring 
Program (CHAMP, http://www.coral.noaa.gov/).   The successful candidate’s duties will include, but are not limited 
to the following: 1) Focusing on synthesis and analysis of the NCRMP Ocean Acidification Enterprise datasets, i.e. 
baseline carbonate, diurnal suite, and census-based carbonate budgeting., 2) developing foundational models to link 
oceanic carbonate projection models with coastal biogeochemistry in focal island area within the NCRMP framework, 
and 3) Co-authors manuscripts describing the research for publication in peer-reviewed scientific journals and 
outreach materials for a general audience. 

For more information, please contact both Derek Manzello (derek.manzello(at)noaa.gov) and Tom Oliver 
(thomas.oliver(at)noaa.gov) 

More information on the Ocean Acidification Information Exchange. 
 

GOA-ON Implementation Strategy 

The Global Ocean Acidification Observing Network (GOA-ON) launched its Implementation Strategy last week at the 
4th GOA-ON International Workshop, held in Hangzhou, China. This document outlines how to implement the GOA-

https://meddle-scor149.org/
https://meddle-scor149.org/using-meddle/
https://meddle-scor149.org/video-gallery/
http://www.coral.noaa.gov/research/accrete.html
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http://www.goa-on.org/documents/general/GOA-ON_Implementation_Strategy.pdf


ON 
Requirements and Governance Plan, including expanding ocean acidification observations, closing human and 
technology capacity gaps, connecting scientists regionally and globally, and informing about the impacts of ocean 
acidification. The aim is to provide guidance that will allow for comparability across the Network, while considering 
the potentially different requirements and impediments of regions. GOA-ON seeks to increase capacity allowing for 
synthesis of data for common products. 
More information. 
 

Community of Ocean Action on Ocean Acidification (COA on OA) videos online 

The Community of Ocean Action on Ocean Acidification, led by David Osborn, IAEA Environment Laboratories and 
Bronte Tilbrook, CSIRO, Australia, and co-chair of GOA-ON, aims to support its members in implementing their 
ocean acidification-related Voluntary Commitments (VC) by exchanging progress reports, experiences, lessons 
learned and good practices. There are presently 258 Voluntary Commitments submitted for Sustainable 
Development Goal 14.3 on ocean acidification. These VCs cover a range of topics including mitigation, capacity 
building, policy, monitoring, among others. 
The COA on OA has held two webinars, highlighting specific VCs and facilitating discussions among members of this 
community. A recording of the most recent webinar can be found here, and a video presentation by David Osborn 
providing an overview on this COA can be found here. 
More information. 
 

Selection of recent papers 

Responses of seaweeds that use CO2 as their sole inorganic carbon source to ocean acidification: 
differential effects of fluctuating pH but little benefit of CO2 enrichment. Laboratory studies that test the 
responses of coastal organisms to ocean acidification (OA) typically use constant pH regimes which do not reflect 
coastal systems, such as seaweed beds, where pH fluctuates on diel cycles. Seaweeds that use CO2 as their sole 
inorganic carbon source (non-carbon dioxide concentrating mechanism species) are predicted to benefit from OA as 
concentrations of dissolved CO2 increase, yet this prediction has rarely been tested, and no studies have tested the 
effect of pH fluctuations on non-CCM seaweeds. We conducted a laboratory experiment in which two ecologically 
dominant non-CCM red seaweeds (Callophyllis lambertii and Plocamium dilatatum) were exposed to four pH 
treatments: two static, pHT 8.0 and 7.7 and two fluctuating, pHT 8.0 ± 0.3 and 7.7 ± 0.3. Fluctuating pH reduced 
growth and net photosynthesis in C. lambertii, while P. dilatatum was unaffected. OA did not benefit P. dilatatum, 
while C. lambertii displayed elevated net photosynthetic rates. We provide evidence that carbon uptake strategy 
alone cannot be used as a predictor of seaweed responses to OA and highlight the importance of species-specific 
sensitivity to [H+]. We also emphasize the importance of including realistic pH fluctuations in experimental studies 
on coastal organisms.  

Damon Britton, Craig N Mundy, Christina M McGraw, Andrew T Revill, Catriona L Hurd. Responses of seaweeds that 
use CO2 as their sole inorganic carbon source to ocean acidification: differential effects of fluctuating pH but little 
benefit of CO2 enrichment. ICES Journal of Marine Science, fsz070, https://doi.org/10.1093/icesjms/fsz070 

 

Thicker shells compensate extensive dissolution in brachiopods under future ocean acidification. 
Organisms with long generation times require phenotypic plasticity to survive in changing environments until genetic 
adaptation can be achieved. Marine calcifiers are particularly vulnerable to ocean acidification due to dissolution and 
a reduction in shell-building carbonate ions. Long-term experiments assess organisms’ abilities to acclimatise or 
even adapt to environmental change. Here we present an unexpected compensatory response to extensive shell 
dissolution in a highly calcium-carbonate-dependent organism after long-term culture in predicted end-century 
acidification and warming conditions. Substantial shell dissolution with decreasing pH posed a threat to both a polar 
(Liothyrella uva) and a temperate (Calloria inconspicua) brachiopod after 7 months and 3 months exposure, 
respectively, with more extensive dissolution in the polar species. This impact was reflected in decreased outer 
primary layer thickness in the polar brachiopod. A compensatory response of increasing inner secondary layer 
thickness, and thereby producing a thicker shell was exhibited by the polar species. Less extensive dissolution in 
the temperate brachiopod did not affect shell thickness. Increased temperature did not impact shell dissolution or 
thickness. Brachiopod ability to produce a thicker shell when extensive shell dissolution occurs suggests this marine 
calcifier has great plasticity in calcification providing insights into how similar species might cope under future 
environmental change.  

Cross E., Harper E. M. & Peck L. S., in press. Thicker shells compensate extensive dissolution in brachiopods under 
future ocean acidification. Environmental Science and Technology. Article  

 
Reduced nitrogenase efficiency dominates response of the globally important nitrogen fixer 
Trichodesmium to ocean acidification. The response of the prominent marine dinitrogen (N2)-fixing 

http://www.goa-on.org/documents/general/GOA-ON_2nd_edition_final.pdf
http://www.goa-on.org/documents/general/GOA-ON_Implementation_Strategy.pdf
https://oceanconference.un.org/coa/OceanAcidification
https://sustainabledevelopment.un.org/?page=view&nr=3039&type=13&menu=1634
https://oceanconference.un.org/osbornvideo
https://oceanconference.un.org/coa/OceanAcidification
https://doi.org/10.1093/icesjms/fsz070
https://doi.org/10.1021/acs.est.9b00714


cyanobacteria Trichodesmium to ocean acidification (OA) is critical to understanding future oceanic biogeochemical 
cycles. Recent studies have reported conflicting findings on the effect of OA on growth and N2fixation 
of Trichodesmium. Here, we quantitatively analyzed experimental data on how Trichodesmium reallocated 
intracellular iron and energy among key cellular processes in response to OA, and integrated the findings to construct 
an optimality-based cellular model. The model results indicate that Trichodesmium growth rate decreases under OA 
primarily due to reduced nitrogenase efficiency. The downregulation of the carbon dioxide (CO2)-concentrating 
mechanism under OA has little impact on Trichodesmium, and the energy demand of anti-stress responses to OA 
has a moderate negative effect. We predict that if anthropogenic CO2 emissions continue to rise, OA could reduce 
global N2 fixation potential of Trichodesmium by 27% in this century, with the largest decrease in iron-limiting 
regions. 
 
Luo Y.-W., Shi D., Kranz S. A., Hopkinson B. M., Hong H., Shen R. & Zhang F., 2019. Reduced nitrogenase efficiency 
dominates response of the globally important nitrogen fixer Trichodesmium to ocean acidification. Nature 
Communications 10: 1521. doi:10.1038/s41467-019-09554-7. Article. 
 
 
Diverse responses of sporophytic photochemical efficiency and gametophytic growth for two edible 
kelps, Saccharina japonica and Undaria pinnatifida, to ocean acidification and warming.  
 
Ocean acidification and warming represent major environmental threats to kelp mariculture. In this study, 
sporophytic photochemical efficiency and gametophytic growth of Saccharina japonica and Undaria pinnatifida were 
evaluated under different pCO2 levels (360, 720, and 980 ppmv) and temperatures (5, 10, 15, and 20 °C for 
sporophytes; 15 and 20 °C for gametophytes). Sporophytic photochemical efficiencies of both kelps were 
significantly greater at 720 ppmv than at 360 and 980 ppmv. Female gametophytes of both kelps grew significantly 
better at 360 ppmv than at higher pCO2 levels. The growth of U. pinnatifida gametophytes was significantly greater 
at 20 °C than at 15 °C, while no significant difference was observed for the growth of S. japonica. These results 
indicate that increased pCO2 stimulated sporophytic photochemical efficiency while inhibited gametophytic growth 
of these kelps, which might negatively affect their seedling cultivation. U. pinnatifida exhibited higher productivity 
in warmer ocean than S. japonica. 
 
 
Gao X., Kim J.-H., Park S. K., Yu O. H., Kim S. Y. & Choi H. G., 2019. Diverse responses of sporophytic photochemical 
efficiency and gametophytic growth for two edible kelps, Saccharina japonica and Undaria pinnatifida, to ocean 
acidification and warming. Marine Pollution Bulletin 142: 315-320. Article.  
 
 
In situ response of Antarctic under-ice primary producers to experimentally altered pH. Elevated 
atmospheric CO2 concentrations are contributing to ocean acidification (reduced seawater pH and carbonate 
concentrations), with potentially major ramifications for marine ecosystems and their functioning. Using a novel in 
situ experiment we examined impacts of reduced seawater pH on Antarctic sea ice-associated microalgal 
communities, key primary producers and contributors to food webs. pH levels projected for the following decades-
to-end of century (7.86, 7.75, 7.61), and ambient levels (7.99), were maintained for 15 d in under-ice incubation 
chambers. Light, temperature and dissolved oxygen within the chambers were logged to track diurnal variation, with 
pH, O2, salinity and nutrients assessed daily. Uptake of CO2 occurred in all treatments, with pH levels significantly 
elevated in the two extreme treatments. At the lowest pH, despite the utilisation of CO2 by the productive 
microalgae, pH did not return to ambient levels and carbonate saturation states remained low; a potential concern 
for organisms utilising this under-ice habitat. However, microalgal community biomass and composition were not 
significantly affected and only modest productivity increases were noted, suggesting subtle or slightly positive effects 
on under-ice algae. This in situ information enables assessment of the influence of future ocean acidification on 
under-ice community characteristics in a key coastal Antarctic habitat. 
 
Cummings V. J., Barr N. G., Budd R. G., Marriott P. M., Safi K. A. & Lohrer A. M., 2019. In situ response of 
Antarctic under-ice primary producers to experimentally altered pH. Scientific Reports 9: 6069. doi: 
10.1038/s41598-019-42329-0. Article. 
 

Who cares about ocean acidification in the Plasticene? Plastics is all the rage, and mitigating marine litter is 
topping the agenda for nations pushing issues such as ocean acidification, or even climate change, away from the 
public consciousness. We are personally directly affected by plastics and charismatic megafauna is dying from it, 
and it is something that appears to be doable. So, who cares about the issue of ocean acidification anymore? We all 
should. The challenge is dual in the fact that is both invisible to the naked eye and therefore not felt like a pressing 
issue to the public, thereby not reaching the top of the agenda of policy makers; but also that it is framed in the 
climate change narrative of fear – whereby it instills in a fight-or-flight response in the public, resulting in their 
avoidance of the issue because they feel they are unable to take action that have results. In this article, we argue 
that the effective global environmental governance of ocean acidification, though critical to address, mitigate against 
and adapt to, is hindered by the both this lack of perception of urgency in the general public, fueled by a lack of 
media coverage, as well as a fight-or-flight response resulting from fear. We compare this to the more media friendly 
and plastics problem that is tangible and manageable. We report on a media plots of plastics and ocean acidification 
coverage over time and argue that the issue needs to be detangled from climate change and framed as its own issue 

https://doi.org/10.1038/s41467-019-09554-7
https://doi.org/10.1016/j.marpolbul.2019.03.063
https://doi.org/10.1038/s41598-019-42329-0


to reach the agenda at a global level, making it manageable to assess and even care about for policy makers and 
the public alike? 

Tiller R., Arenas F., Galdies C., Leitão F., Malej A., Romera B. M., Solidoro C., Stojanov R., Turk V. & Guerra R., 
2019. Who cares about ocean acidification in the Plasticene?. Ocean & Coastal Management 174: 170-180. Article. 
 

 

Toxic algae silence physiological responses to multiple climate drivers in a tropical marine food chain. 
Research on the effects of climate change in the marine environment continues to accelerate, yet we know little 
about the effects of multiple climate drivers in more complex, ecologically relevant settings – especially in sub-
tropical and tropical systems. In marine ecosystems, climate change (warming and freshening from land run-off) 
will increase water column stratification which is favorable for toxin producing dinoflagellates. This can increase the 
prevalence of toxic microalgal species, leading to bioaccumulation of toxins by filter feeders, such as bivalves, with 
resultant negative impacts on physiological performance. In this study we manipulated multiple climate drivers 
(warming, freshening, and acidification), and the availability of toxic microalgae, to determine their impact on the 
physiological health, and toxin load of the tropical filter-feeding clam, Meretrix meretrix. Using a structural equation 
modeling (SEM) approach, we found that exposure to projected marine climates resulted in direct negative effects 
on metabolic and immunological function and, that these effects were often more pronounced in clams exposed to 
multiple, rather than single climate drivers. Furthermore, our study showed that these physiological responses were 
modified by indirect effects mediated through the food chain. Specifically, we found that when bivalves were fed 
with a toxin-producing dinoflagellate (Alexandrium minutum) the physiological responses, and toxin load changed 
differently and in a non-predictable way compared to clams exposed to projected marine climates only. Specifically, 
oxygen consumption data revealed that these clams did not respond physiologically to climate warming or the 
combined effects of warming, freshening and acidification. Our results highlight the importance of quantifying both 
direct and, indirect food chain effects of climate drivers on a key tropical food species, and have important 
implications for shellfish production and food safety in tropical regions. 

Turner L. M., Havenhand J. N., Alsterberg C., Turner A. D., Girisha S. K., Ashwin R., Venugopa M. N., Karunasagar 
I. & Godhe A., 2019. Toxic algae silence physiological responses to multiple climate drivers in a tropical marine food 
chain. Frontiers in Physiology 10: 373. doi: 10.3389/fphys.2019.00373. Article. 
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