CANON-type observatories as a tool for oceanographic research beyond the coastal HABs: A case study of the North Pacific Subtropical Gyre (NPSG) blooms.  
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Most of the North Pacific Subtropical Gyre (NPSG) is characterized by vanishingly low nutrient concentration and low biomass standing stocks. Despite of that, photosynthetic properties of phytoplankton as measured by the Fast Repetition Rate Fluorometry (FRRF) indicate high level of photosynthetic performance, poised to respond quickly to episodic upwelling events. As a result, NPSG surface waters bloom periodically with high phytoplankton abundance. These blooms frequently form long meanders of high chlorophyll concentrations extending over hundreds to a thousand of miles. As they significantly enhance the primary and export production, it is important to understand their mechanisms, and the factors that control their occurrence and magnitude. One difficulty in studying these blooms is their ephemeral nature and their dynamics (Fig. 1). It is extremely difficult to predict blooms occurrence, and to plan a cruise-based expedition to characterize them. A CMORE cruise in August 2007 failed to find a single bloom in the planned study area. The cruise track in August 2008 OPEREX expedition was redrawn several times to in response to appearing/disappearing blooms.  
NPSG blooms seem to be driven by a system of eddies originating at the edge of California Current, propagating westwards with an average speed of about 4 km/day. Although these eddies are present thorough the year, only occasionally they initiate surface chlorophyll blooms. The circumstances and conditions of bloom initiations remain unknown. Once they appear, these blooms are rarely confined to upwelling eddies; instead the configuration of cyclonic and anticycloning eddies define complex patterns of water circulation resulting in emergence of extensive convergence zones that entrain high chlorophyll biomass (Fig 2). Strong currents at eddy peripheries and between eddy boundaries are likely to induces secondary upwelling regions at the locations of maximum shear along the gradients of sea surface heights. 
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Surface chlorophyll in the bloom regions increases about three times above the background level, with small-scale (less than 1 km wide) spikes of much higher amplitude (Fig. 2A).  The spikes of high chlorophyll concentrations are frequently associated with lower efficiency of light utilization, and lower photosynthetic yield, typical of Trichodesmium presence (Fig. 2D). Vertical distribution of nutrients (Fig. 3) and photosynthetic characteristics (Fig. 4) in the water column are similarly variable. 
The variability of the physical, chemical, and biological characteristic for NPSG blooms requires adaptive sampling/observations with resolution matching the spatial scales of bloom features. The unpredictable character of these blooms requires persistent presence of observing assets at sea. Finally, blooms dynamics (Fig. 5) requires a capability to follow their spatial and temporal evolution in an autonomous mode. These requirements will be satisfied by CANON observing infrastructure.  
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CANON as a new, enabling technology for Ocean Science
Future responses of oligotrophic systems to climate forcing will be largely defined by the effects of heat loading on vertical circulation in the water column. The increasing heat content of the upper ocean is likely to strengthen thermal stratification, possibly attenuating eddy activities and reducing nutrient fluxes to the euphotic zone, adversely affecting primary and export production. On the other hand, buildup of thermal disequilibrium between the upper and lower ocean may produce opposite effects, intensifying eddy activities as a mechanisms of heat dissipation, and stimulating the occurrence and intensity of surface blooms similar to those observed in August 2008. Whatever the result, the mechanisms and links between eddy systems and biology will be critical for anticipating open ocean responses to climate forcing. CANON-type infrastructure based on mobile assets represents a novel, most effective approach to observe and to study these mechanisms. 
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Figure 1. Spatial and temporal dynamics of a typical NPSG bloom. These blooms were absent before July 20-th. Once they appeared, their magnitude and distribution changed on daily basis. 
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Figure 2. (A) Surface photosynthetic characteristics (green: fluorescence signal, blue: efficiency of light utilization, red: photosynthetic efficiency) along the transect across NPSG bloom observed on Aug 3, 2008; (B) Ocean color derived surface chlorophyll; (C) Sea surface height with local circulation patterns;  (D) Trichodesmium slicks frequently observed in the bloom regions. 
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Figure 4. Sections of photosynthetic properties of phytoplankton in the NPSG bloom area. (A) Increased surface chlorophyll biomass within the bloom; (B) depressed functional absorption cross section; (C) enhancement of the surface photosynthetic yields. 
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Figure 3. Sections of (A) NO3 + NO2, and (B) PO4 along the cruise track in the OPEREX study area. Arrows indicate the centers of the upwelling and downwelling eddies.





�


Figure 5. Spatial and temporal dynamics of the NPSG eddies and bloom observed in August 2008. (A) Snapshots of the sea surface height showing westward propagation of the eddy system with average speed of 4 km/day, (B) progression of the biological fields in the eddies wake. 








