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1. Scope of Project 
Sinking particles transport particulate organic carbon away from the surface ocean and into the deep ocean, where they fuel deep sea ecosystems. Sinking particles also play an important role in the carbon cycle because they sequester, and sometimes bury carbon in the deep ocean.  The amount of carbon exported to the deep ocean is difficult to quantify and model, and there is growing consensus that ecological mechanisms of particle export must be accounted for to improve estimates. At present, we do not fully understand the time scales over which these ecological mechanisms of carbon export vary (e.g. hourly to seasonal).  The SINKing Ecology Robot (SINKER) will continuously monitor and quantify the ecological mechanisms of carbon export at the MARS cabled observatory in Monterey Bay, generating flux observations from the same location over long time periods and at high time resolution. The instrument will rely on in situ particle imaging to generate estimates of carbon flux and measurements of sinking speeds from different particle types. Images will identify the ecological source of particles (various fecal pellet types, aggregates, organisms, various particle sizes) which are used to estimate their contributions to carbon fluxes. SINKER will reveal how the ecology of carbon export varies in Monterey Bay, and provide a foundation for designing studies in other locations or with other sampling platforms.

2. Requirements

2.1. User/High-Level Requirements
2.1.1. The instrument shall visually resolve different types of particles that originate from different ecological sources.
2.1.2. The instrument shall detect whether particles contain fresh phytoplankton contents.
2.1.3. The instrument shall detect fluxes of particles generated by both microzooplankton and mesozooplankton in addition to detrital aggregates.
2.1.4. The instrument shall measure the sinking speed of particles
2.1.5. The instrument shall be capable of monitoring flux variations that occur on diel cycles (hours) and across seasons (months to years).
2.1.6. The instrument shall primarily image sinking particles originating from above, rather than resuspended particles or suspended particles moving laterally due to turbulence.
2.1.7. The data from the instrument shall be accessible without recovery.

2.2. Design-Derived Requirements
2.2.1. The instrument shall resolve the identity and size of particles in a size range of 50 µm–2000 µm.
2.2.2. The instrument shall resolve particle sizes with an accuracy of TBD µm.
2.2.3. The instrument shall image a suitable volume to generate statistically significant abundance estimates within 2 hrs (for example 100 detections in 2 hrs).  
2.2.4. The instrument shall be capable of measuring sinking speeds between 1 and 1000 m/d for the larger field of view cameras, 250 m/d for the smaller field of view 
2.2.5. The instrument shall be capable of resolving color differences among different particle types.
2.2.6. The sediment camera shall provide color imagery with reflectance and transmission illumination modes.
2.2.7. The instrument shall be capable of resolving the fluorescence within particles.
2.2.8. The instrument shall collect data at a programmable collection rate necessary for sufficient sampling statistics for sinking speeds.
2.2.9. The instrument shall collect data at a programmable collection rate necessary for sufficient sampling statistics for quantifying fluxes.
2.2.10. The instrument shall be plugged into the MARS cabled observatory.
2.2.11. The instrument shall be depth rated to at least 900 m.
2.2.12. The instrument shall be deployable with existing MBARI infrastructure.
2.2.13. The instrument shall be deployed and operating for at least 1 year with the ultimate goal of annual servicing.
2.2.14. The instrument shall be capable of storing data locally for 3 months in case of connection failure.
2.2.15. The instrument shall have some battery rechargeable battery backup to survive power outages.
2.2.16. The instrument shall be capable of sending remote data.
2.2.17. The instrument shall not attract swimming organisms that interfere with particle collection.
2.2.18. The instrument shall be deployed at a depth above bottom where currents rarely exceed 12 cm/s.
2.2.19. The instrument shall have at least two external ports for wiper(s) and or water pumps.

2.3. Environmental Requirements
2.3.1. The instrument shall operate at the depth of the MARS cabled observatory
2.3.2. The instrument shall have the ability to autonomously clean fouling off of imaging surfaces

2.4. Operational/Maintenance Requirements
2.4.1. All components of the instrument platform shall be fully recoverable (e.g. weights)
2.4.2. Data collected by the instrument shall be transmitted at least once daily.

3. Interfaces
3.1. The instrument shall have a plug adaptor for MARS accepting 375 VDC power and 10/100 Mb Ethernet.
3.2. The instrument will have a common compute node with camera ports, aux ports, low-voltage DC power ports and HV AC/DC power ports, with specified voltage ranges.
3.3. Camera ports will support gigabit Ethernet, 9–36 VDC power, and RS-232 serial communications

