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Abstract
The Center for Microbial Oceanography: Research and Education (C-MORE) and GEOMAR partnered to conduct the first deployment of three free-floating mesocosms in Hawaiian waters.  This collaboration provided the unique opportunity to not only test the feasibility of utilizing the mesocosms in an open ocean environment, but also to examine the response of open ocean plankton communities to the addition of nutrient mixtures containing NO3-, PO43-, Si(OH)4, and trace metals, relative to responses to nutrient mixtures containing NO3-, Si(OH)4, and trace metals (+P vs. –P mixtures) in different sized incubation vessels.  The nutrient mixtures added simulated a 15% (vol/vol) addition of deep-sea water (1000m) from Station ALOHA in the North Pacific Subtropical Gyre (22° 45'N, 158° 00'W).  Part of the reason why the response to the addition of ‘deep-water nutrients’ was explored is that it matches one possible treatment (–P mixtures) of deep seawater effluent in seawater air-conditioning (SWAC) or ocean thermal energy conversion (OTEC) facilities in Hawaii, wherein PO43- is first scrubbed from the ‘wastewater product’ prior to ocean disposal.  On December 1st 2011, a team of scientists and engineers departed from Honolulu aboard the University of Hawaii R/V Ka’imikai-O-Kanaloa, steaming south to the leeward coast of the island of Hawaii, where the three mesocosms were successfully deployed on the eastern edge of an anti-cyclonic eddy.  At the same time, traditional bottle incubation experiments with the same nutrient mixtures as applied to the mesocosms were set up, which allowed us to understand how well ‘small-scale findings’ of bottle incubations ultimately match ‘large-scale observations’ made in the mesocosms.  Both, mesocosms and bottle experiments were sampled to examine changes in nutrient and particulate matter concentrations (N, P, Si), photosynthetic pigments, biomass and rates of plankton production. From an engineering perspective, three free-drifting mesocosms were successfully deployed, maintained and recovered off Hawaii.  They coped well with surface currents of 0.5 knots and 1-2 m swells; however, their behavior in substantially higher open-ocean wind-driven swells was not tested due to the drifting pattern and remains to be assessed in future expeditions. From a scientific perspective, we observed the greatest response of the phytoplankton community in the mesocosm to the addition of a ‘+P nutrient mixture’. Photosynthetic biomass and production was approximately two fold higher compared to the mesocosm that was amended with the ‘–P nutrient mixture’ and about four fold higher with respect to the ‘unperturbed’ mesocosm.  The addition of phosphate to smaller sized incubations (20L bottles) led to a faster but not greater response of the phytoplankton community. Photosynthetic biomass and production were similar towards the end of the experiment and nearly four fold higher compared to the controls.  Overall, we found that the response of the phytoplankton community was to some extent in agreement between small- and large-scale incubations but we anticipate further investigations in future mesocosms experiments in Hawaiian waters.   
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