1. CANON sampling strategy: 



The complexity and variability of the biological ocean still far exceeds our ability to observe ocean interior in a sufficient spatial and temporal detail. To observe the dynamic responses of the biological ocean with available sampling resources, CANON proposes the sampling strategy consisting of the following four conceptual blocks:
1) Horizontal surveillance array: To simplify the spatial complexity, we will represent the study area with a few deliberately chosen water columns/features, each column representing the ecosystem dynamics in the patch of the surrounding ocean. We will select these water columns/features by first surveying the study area using high endurance autonomous platforms.
2) Intensive sampling of the representative water column/feature: To capture the evolution of the ocean ecosystem in a sufficient temporal detail, we will continuously resample the representative water columns/feature using well-instrumented profiling platforms. These platforms may include profiling floats, gliders, AUVs, and ship-based CTD surveys. 
3) Control and coordination software: To coordinate sampling of the changing ocean with multiple autonomous platforms, we will build a collection of software artifacts that will control the behavior of each individual autonomous asset, as well as coordinate the multi-platform sampling. These software artifacts will allow us to repeatedly resample the same water column/feature.
4) Synthesis model: Early in the project, we will use simplified ocean models to aid in the autonomous sampling of the ocean. In the later part of the project, we will synthesize the collected data using a combination of ecological, ocean circulation, and empirical models. It is likely that CANON data will lead to new parameterizations and extensions to existing numerical models. 
The novelty of the CANON observatory will be in heavy reliance on autonomous sampling platforms that should dramatically increase our access to the ocean by decreasing the coat of ocean sampling. We illustrate the CANON sampling strategy and identify the needed technological development using the case study presented below. 

2. Case study: Why do phytoplankton blooms die?

Death of phytoplankton bloom is an excellent case study for CANON. The basic mechanism of the bloom mortality are well established (running out of nutrients, physical dispersion, and death to predation and infection), but are seldom documented with existing observing technology. Measuring mortality of the phytoplankton is hard and expensive with existing sampling platforms (macrocosm incubation experiments on a deck of the research vessel), yet high uncertainty in mortality rate is a limiting factor in all existing ecosystem models. Finally, prediction of bloom collapse is relevant to societal needs, including early opening of fisheries closed due to bloom toxicity, warning of possible intensification of harmful effects in a dying bloom, and predicting the onset of anoxic events. 
The objectives of this case study (and the upcoming field program) are to: 
(1) Measure the phytoplankton growth and mortality rates in situ; 
(2) Identify the cause of phytoplankton mortality (due to zooplankton predation or infection); 
(3) Characterize macro nutrient conditions of the bloom; and 
(4) Return representative water samples from the bloom for on-shore analysis of micro nutrients, toxins, and species composition. 

To observe the demise of the phytoplankton bloom, we propose the following adaptation of the CANON sampling strategy:

2.1. Horizontal surveillance array
At present, the extent of the bloom patch can be delineate using remote sensing, a ship survey, or with a propeller-driven AUV. Unfortunately, remote sensing is weather dependant and delayed in time; ship surveys are expensive; and current generation of propeller-driven AUVs are significantly limited in their endurance. As a part of the CANON initiative, we will delineate the bloom patch by complimenting available satellite imagery with area surveys conducted with autonomous underwater (LRAUV), surface (UCSC surface boat), and air (JPL airship) vehicles. The focus of internal MBARI development will be on the development and application of long rage AUV, which will significantly lower the cost of ocean sampling by increasing the endurance of propeller-driven AUVs from one day to one month. We hope to leverage resources of outside groups and include autonomous surface vessels (UCSC) and autonomous airships (JPL) in the CANON field program.
2.2. Intensive sampling of the representative water mass/feature

To study the bloom mortality, CANON initiative will develop an autonomous system capable of: 

1) Quantifying mortality and growth rate of the bloom by measuring changes in phytoplankton biomass, photosynthetic activity, and community respiration.

2) Detect causes of phytoplankton mortality (e.g. predation, infection, nutrient limitation) by returning representative water samples, measuring changes in the chemical and physical properties of the water mass, and detecting the presence of the zooplankton. 
We propose the following sensor package for this experiment:
1) To characterize chemical and physical properties of the water mass, we will use existing in-situ sensors (CTD, ADCP, NO3, and O2). 
2) To return or preserve a representative water sample for shore-based analysis, we will use a combination of water sampling from ships and DORADO AUV. 
3) To detect and quantify presence of the zooplankton we will use a combination of acoustic measurements, particle size distribution form optical sensors, molecular markers, and water sample return.
4) To characterize phytoplankton community structure, we will use particle size distributions from optical sensors, water sample return and preservation, and molecular markers. 
We will implement the intensive sampling program using a combination of the following platforms:

1) An LRAUV, a glider, or a profiling float will be used to repeatedly profile a representative a selected water column. All three platforms have a buoyancy-control engine, which is necessary for allowing the platform to drift with center of the representative water column/feature. 

2) A DORADO AUV or a small boat with the CTD rosette will be used to for return water samples and conduct surveys with power-intensive sensors. 

3) A research vessel will be used to deploy and recover autonomous systems, calibrate autonomous systems with water sample measurements, and conduct on-board macrocosm experiments.

We expect that low-cost platforms (1) will be deployed for a prolonged period of time (~ 1 month), which will target short-duration sampling from higher-cost platforms (2) and (3).  

Our engineering efforts will be directed at gradually replacing the DORADO AUV with a well-instrumented LRAUV. Specifically we plan to migrate FRRF (Z.?) and particle size distribution sensors to LRAUV, and develop an LRAUV-compatible water sampler and molecular probe. We will also conduct a feasibility study for the design of a coastal profiling float.
2.3. Control and coordination software
We will develop software and experiment designs for:
1) Delineating the horizontal extent of phytoplankton blooms using autonomous AUV surveys, 

2) Identifying a water column representative of a larger phytoplankton bloom, 

3) Tracking of the identified water column in space and time using a mobile platform like an LRAUV, and 

4) Autonomously triggering water sample returns in support of the phytoplankton mortality studies. 
2.4. Synthesis model
Existing operational models have shown good skill in describing circulation patterns in Monterey Bay. In contrast, the skill of biological models remains low, likely due to inadequate parameterization of biological models. In long term, we plan to use CANON datasets to improve on the parameterization of biological models. In a short term, we plan to use numerical models for improved coordination of autonomous sampling efforts. Specifically, we plan to adopt existing transport models to aid in tracing of the bloom patches. We also plan to develop a 1D water column model that will allow us to estimate mortality rates and detect an early on-set of the bloom demise. 
