Using MBARI’s Unique Deep-Sea Technologies to Advance Scientific Understanding of the Consequences of the Anthropogenic Ocean Fossil Fuel CO2 Invasion.

The recognition of the scale of the fundamental changes in ocean chemistry now occurring has been long in coming (Brewer, 1978; Brewer, 2004; Cicerone et al., 2004). Now, with publication of the results of the JGOFS/WOCE global CO2 survey, there is no doubt as to how readily recognizable the signal is. The rigor of observing the ocean CO2 system demands that data be primarily acquired in the form of the P,T independent mass properties TCO2 and Alkalinity, and it was only when these data were converted into more familiar (pH values for presentation purposes that other disciplines (such as deep-sea physiology) awoke to the true scale of the problem (Brewer, 1997).

The ocean science community, in the US and world-wide, is now already engaged in very large scale pursuit of problems related to this phenomenon, including repeat hydrographic surveys, time series stations, mesocosm experiments, and tank experiments etc. What should MBARI’s unique role be? Simply replicating, improving, or extending the work of others would be safe but not true to our mission. This should be a part, but only a part, of what we do.
Virtually all work to date, with the exception of some novel and innovative experiments at MBARI, has been carried out on recovered samples or specimens. The long time delay for sample recovery ensures that chemical equilibrium has been reached. And the animal responses to perturbation are assumed to be pressure independent. Yet ocean ecosystem responses will take place in situ, and when we have carried out ROV deployed perturbation experiments we have uncovered many ill-understood phenomena. 

For example in a prelude to development of an ocean equivalent of FACE (Free Air CO2 Enrichment) experiments (Nakayama et al., In Press) we discovered an apparent very strong effect of pressure on the rate constants such that hydration of CO2 is accelerated, and the dehydration rate is slowed; this must surely have biological consequences. We have used this knowledge to design a prototype FOCE experiment, and this has now had its first field deployment with Ventana. This has been a very fine engineering/science/operations team effort, and it has opened the door to very basic questions that many at MBARI could contribute to. Incidentally, once a controlled perturbation capability is established, there are many variables that can be considered (O2, T etc.).
There is already strong interest in deploying such systems on coral reefs. There is a vigorous debate over whether the predicted negative effect of lower pH will be offset by the modeled benefit of a warm ocean extending to higher latitudes.

The problem of avoiding significant disequilibrium within the control area is real, and the use of e.g immobilized carbonic anhydrase to speed the reaction is already being discussed.

MBARI’s ROV assets, and the skilled personnel that operate them, provide us all with a unique opportunity to lead the world in carrying out this class of work. This would bring great credit to MBARI. It may be related to cabled observatory technologies, and there are already keenly interested external groups who would love to see these skills created.
