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Project summary
Intellectual merit: Changing climate impacts atmospheric and surface ocean conditions worldwide.  Changes in surface ocean temperature, wind stress and density stratification influence primary production which is directly related to trophic exchanges through the water column, and ultimately the food supply reaching the sea floor.  However, little is known of how these changes influence the food supply to the deep ocean. Can we expect decreased production of organic carbon produced in the upper ocean, and thus less food delivered to the sea floor? Because the deep ocean occupies the vast majority of the world, such answers are critical to evaluating impacts of climate variation on the global carbon cycle, particularly regarding long-term carbon sequestration. New technology added to long time-series studies now allows us to compare high-resolution measurements of food supply and benthic community carbon consumption (food demand) to examine how the oceanic carbon cycling might be changing in the context of global warming. A long time-series study of food supply and benthic community responses at an abyssal station in the eutrophic eastern North Pacific revealed recent episodic surpluses of food that offset previous periods of food deficits, significantly influencing organic carbon re-mineralization and sequestration rates. However in oligotrophic open ocean conditions, such as in the central North Pacific, there is evidence of increasing surface temperatures, increasing density stratification and decreasing primary production (Doney et al., 2012; Chavez et al., 2011; Polovina et al. 2008).  How do such conditions influence the food supply and benthic community processes in oligotrophic central gyres? We propose to test the null hypothesis that the particulate organic carbon flux (food supply) is insufficient to sustain the long-term carbon re-mineralization (food demand) of the abyssal benthic community under changing climate conditions in the oligotrophic subtropical gyre, central North Pacific. To address this hypothesis, we propose to use high-resolution technology to monitor the time-series response of the benthic community to food supply at an abyssal site under permanently oligotrophic conditions, compared to an abyssal site under eutrophic waters. To test this hypothesis we will address five research questions: 1) What are the quality and quantity of sinking particulate matter (food supply) entering and reaching the sea floor at Sta. ALOHA, as representative of the oligotrophic subtropical gyre? 2) Are there conspicuous events on the sea floor that correspond to the quality and quantity of sinking particulate matter (food supply) entering and reaching the sea floor at Sta. ALOHA? 3) Is the measured food supply entering and reaching the sea floor sufficient to meet the food demand, as estimated from sediment community oxygen consumption, on time scales from days to years at Sta. ALOHA? 4) Is there a relationship between organic carbon supply and benthic community demand with climatic indices and primary production at Sta. ALOHA? 5) How does the relationship between organic carbon supply and estimated demand of the benthic community in the oligotrophic central North Pacific compare with that concurrently measured in the eutrophic eastern North Pacific?
Broader impacts: Global warming is now a well-documented phenomenon that is influencing every aspect of our world, from increased storm intensity to melting of polar ice sheets and rising sea level. The impact of such changes in climate is least known for the deep ocean, which covers over 60% of the earth’s surface. Recent studies have shown a strong connectivity between changing surface ocean conditions and carbon cycling in the deep ocean underlying eutrophic regions of the ocean. However, there is no such information concerning the impact of changing climate on the far more vast central gyre regions of the ocean including Sta. ALOHA in the central North Pacific. The proposed research will begin to address how changing climate impacts carbon cycling, including carbon re-mineralization and sequestration on the sea floor representing broad regions of the world ocean. A project website will be developed to coordinate links to data and outreach from previous and future research.  A web-based repository will be maintained for field data to facilitate query and analysis by researchers and linked to the ALOHA and MBARI websites. For the general public, an outreach coordinator will participate on each cruise and create an interactive web blog detailing the expedition, its personnel, methods, and discoveries, hosted on the MBARI website and will include K-12 education. The coordinator will facilitate the information and imagery needed to support public information objectives.  A graduate student, MBARI postdoctoral fellow and undergraduate student volunteers will be trained and mentored as important contributors in the field and laboratory work.
PROJECT DESCRIPTION

I. Background and rationale

Changing climate impacts atmospheric and surface ocean conditions worldwide.  Changes in surface ocean temperature, wind stress and density stratification influence primary production which is directly related to trophic exchanges through the water column, and ultimately the food supply reaching the sea floor.  However, little is known of how these changes influence the food supply to the deep ocean. Can we expect decreased production of organic carbon produced in the upper ocean, and thus less food delivered to the sea floor? Because the deep ocean occupies the vast majority of the world, such answers are critical to evaluating impacts of climate variation on the global carbon cycle, particularly regarding long-term carbon sequestration.


A major unknown component of the global carbon cycle is the amount of organic carbon that reaches the deep ocean and its ultimate utilization or long-term sequestration in the sediments. This supply starts with primary production by phytoplankton in surface waters.  There is no consensus on whether phytoplankton biomass is decreasing as a result of a reduction in upwelled nutrients, caused by warming surface waters and increasing stratification (Chavez et al., 2011).  In open ocean areas, these conditions can lead to a decrease in primary production by phytoplankton (Doney et al., 2012; Polovina et al, 2008) and a geographic expansion of oligotrophic (low chlorophyll) waters (Polovina et al., 2008). In contrast, along-shore winds and increased land-sea temperature disparities are leading to increased nutrient supply and primary production in coastal upwelling areas (Doney et al., 2012; Chavez, et al., 2011;Aksnes and Ohman, 2009; Bakun et al., 2010; Kahru and Mitchell, 2008).  A portion of the organic carbon produced in surface waters is exported to the deep ocean by a variety of mechanisms, including mineral ballasting, aggregation, fecal pellet production, and sinking or vertical migration of large zooplankton (Alldredge et al., 1993; Armstrong et al., 2001; Lebrato et al., 2013; Robison et al., 2005; Stukel et al., 2013; Wilson et al., 2013). New technology added to long time-series studies now allows us to compare high-resolution measurements of food supply and benthic community carbon consumption (food demand) to examine how the oceanic carbon cycling might be changing in the context of global warming.

A long time-series study of food supply and benthic community responses at an abyssal station in the eutrophic eastern North Pacific revealed recent episodic surpluses of food that offset previous periods of food deficits, significantly influencing organic carbon re-mineralization and sequestration rates (Smith et al., 2013; Smith et al., in press). In this region, wind stress is increasing thus increasing nutrient upwelling and ultimately primary production. Net primary production, estimated from satellite derived chlorophyll concentration, significantly increased over the past 9 years.  This potential beginning of a long term trend was accented by brief but massive influxes of planktonic detritus originating in surface waters, which contributed to increased food supply undersampled by conventional sediment traps, to the benthic community and fueled record high sediment community carbon consumption, offsetting previously monitored long-term deficits (Smith et al., 1999, 2009).  

However in oligotrophic open ocean conditions, such as in the central North Pacific, there is evidence of increasing surface temperatures, increasing density stratification and decreasing primary production (Doney et al., 2012; Chavez et al., 2011; Polovina et al. 2008).  How do such conditions influence the food supply and benthic community processes in oligotrophic central gyres? It is hypothesized that with increased density stratification and reduced mixing there will be a shift toward a microbial food web with recycling of organic matter primarily in the upper ocean with much reduced export of food to the deep ocean (e.g. Moran et al., 2010; Doney et al., 2012).  However, there is also evidence for a consistent annual export flux of diatoms to the deep ocean during summer in the central North Pacific (Karl et al., 2012).  How do such surface conditions and ultimate export fluxes to the deep ocean impact benthic community processes and ultimately the oceanic carbon cycle? 
We propose to test the null hypothesis that the particulate organic carbon flux (food supply) is insufficient to sustain the long-term carbon re-mineralization (food demand) of the abyssal benthic community under changing climate conditions in the oligotrophic subtropical gyre, central North Pacific. To address this hypothesis, we propose to use high-resolution technology to monitor the time-series response of the benthic community to food supply at an abyssal site under permanently oligotrophic conditions, compared to an abyssal site under eutrophic waters.  The newly obtained high resolution monitoring of benthic community processes and demand for organic carbon will be interpreted in a long time-series perspective, to assess deep-reaching impacts of climate change on two contrasting trophic regimes in the North Pacific Ocean.  Uninterrupted measurements of benthic community processes will be recorded at the much-studied Station ALOHA in the oligotrophic central North Pacific (Karl and Lukas, 1996).  These results will be compared to concurrent, on-going monitoring at Station M in the eutrophic northeast Pacific, using the same methods.  This study will provide improved insights into processes that might be impacting the global carbon cycle including deep ocean carbon sequestration over large spatial and temporal scales.  
II. Proposed Research
We propose to test the null hypothesis that the particulate organic carbon flux (food supply) are insufficient to sustain the long-term carbon re-mineralization (food demand) of the abyssal benthic community under changing climate conditions in the oligotrophic subtropical gyre, central North Pacific.  To test this hypothesis we will address five research questions: 1) What are the quality and quantity of sinking particulate matter (food supply) entering and reaching the sea floor at Sta. ALOHA, as representative of the oligotrophic subtropical gyre? 2) Are there conspicuous events on the sea floor that correspond to the quality and quantity of sinking particulate matter (food supply) entering and reaching the sea floor at Sta. ALOHA? 3) Is the measured food supply entering and reaching the sea floor sufficient to meet the food demand, as estimated from sediment community oxygen consumption, on time scales from days to years at Sta. ALOHA? 4) Is there a relationship between organic carbon supply and benthic community demand with climatic indices and primary production at Sta. ALOHA? 5) How does the relationship between organic carbon supply and estimated demand of the benthic community in the oligotrophic central North Pacific compare with that concurrently measured in the eutrophic eastern North Pacific? Each of these research questions will be discussed below following a description of the areas of investigation.

A. Areas of Investigation:
Sta. ALOHA (oligotrophic subtropical gyre: central North Pacific ) - The research we propose will be conducted at Sta. ALOHA while concurrently comparing similar results obtained at our long time-series station (Sta. M) in the eutrophic eastern north Pacific funded separately through MBARI.  Our proposed measurements in the benthic boundary layer (BBL) and at the seafloor will complement the established long time-series measurements at Station ALOHA (Fig. 1).  Station ALOHA has been extensively studied over the past 25 years (e.g. Karl et al., 1996; Karl et al., 2001; Karl et al., 2012).  This study site is located at 22o 45'N, 158o 00'W, approximately 100 km north of Oahu with a water depth of ~4800 m (Karl and Lukas, 1996).  As part of this program some years ago, we conducted the only time-series study of benthic processes at this station (Smith et al., 2002), which now provides valuable background to support our proposed studies into continuous time-series sea-floor monitoring.  Long  time-series studies at ALOHA have included moored sediment trap arrays, collecting sinking particulate matter to a depth of 4000m [~ 800 meters above bottom (mab)].  Particulate matter fluxes from the euphotic zone tend to exhibit two export periods per year, late winter and late summer (Karl et al., 1996; Prahl et al. 2005) with a large recurrent summertime pulse reaching 4000 m in July and August (Karl et al., 2012).  Particulate fluxes in this oligotrophic region also can exhibit episodically large export events (e.g. Oct and Dec 1999; Benitez-Nelson et al. 2001).  Episodically large pulses of phytoplankton-derived particulate matter to abyssal depths have been observed in summer months (500- to 1250-fold increases in fluxes of cytoplasm-containing diatom cells; Scharek, et al., 1999).  Between 1997 and 1999 there was significant seasonal and interannual variation in particulate matter fluxes with peaks in September coinciding with increased concentrations of organic matter in surface sediments (Smith et al., 2002).  Correspondingly, the sediment bacteria, macrofauna and sediment community oxygen consumption increased in September (Smith et al., 2002).  Seasonal or episodic pulses of large detrital aggregates to the seafloor might be expected at ALOHA, based on observations of marine snow in the upper water column of the North Pacific Subtropical Gyre (Pilskaln et al. 2005).
Sta. M (eutrophic eastern boundary current; eastern North Pacific) - For comparative purposes, we will conduct concurrent measurements using similar instrumentation in the eutrophic eastern North Pacific at Sta. M (Fig. 1). Sta. M is a long time-series station located 200 km west of Point Conception off the central California coast at a depth of `4000 m (Smith and Druffel, 1998). This station has been continuously studied now for 25 years (Smith et al., 2013; 2014). 
B. Research questions: 
We will address five research questions to test the null hypothesis that the particulate organic carbon flux (food supply) is insufficient to sustain the long-term carbon remineralization (food demand) of the abyssal benthic community under changing climate conditions in the oligotrophic central North Pacific. Each question is addressed below.
1. Research question #1 – What is the quality and quantity of sinking particulate matter (food supply) entering the BBL and reaching the sea floor at Sta. ALOHA, as representative of the oligotrophic subtropical gyre?  The constituent components of the sinking particulate organic matter (e.g. phytoplankton, zooplankton fecal pellets and carcasses) will be collected in a time-series sediment trap moored at 50 mab for comparison with similar collections as part of the continuing ALOHA station at 730 mab (D. Karl, see supporting letter). A McLane ParFlux sediment trap with 0.5 meter funnel opening and 21 sequencing collection bottles will be secured to a free-vehicle mooring consisting of flotation, sediment trap (50 mab) and a time-lapse camera on the sea floor with acoustic releases and ballast (Fig. 2). The sediment trap will be programmed to sequence every 18 days for a continuous annual cycle with formalin preservation (Smith et al., 2013; see methodology section below). After annual recovery of the mooring (see Schedule section), swimmers will be removed, identifiable components will be identified and sized (plankton, fecal material) and then frozen for later analysis of total and organic carbon, and total nitrogen content following methods we have used in previous studies (Smith et al., 2013; see methodology section below). These analyses of the quality and quantity of the sinking particulate matter will be compared with those obtained from the 730 mab sediment trap provided through D. Karl (see letter of support). Hourly images from the time-lapse camera will allow us to identify sedimentation events, such as deposition of phytodetritus or zooplankton carcasses, on the sea floor (see below) for comparison with content and timing of particulate fluxes estimated from the sediment trap collections. Past studies at Sta. M have shown major sedimentation events of particulate matter, conspicuous in time-lapse camera images, are undersampled by concurrent monitoring with conventional sediment traps (Smith et al., 2013; Smith et al., in press).
2. Research question #2 – Are there conspicuous events on the sea floor that correspond to the quality and quantity of sinking particulate matter (food supply) entering and reaching the sea floor on time scales of weeks to years at Sta. ALOHA? A high-resolution time-lapse camera will take hourly images of 20 m2 of the sea floor to reveal sedimentation events and movements of epibenthic megafauna, conspicuous primary and upper trophic level consumers of the benthic community. The camera is mounted on a titanium tripod frame with a high wattage strobe extended to either side to minimize common-volume scattering (Sherman and Smith, 2009; see Methodology section for detailed description of instrument). The digital images are recorded in the camera controller and will be downloaded during the annual servicing cruises. In the laboratory, images will be digitized for identifiable features and megafauna using the VARS system (Shlining and Stout, 2006). This system permits sizing of objects and estimates of areas of such features as detrital aggregates (Smith et al., in press ). In addition, the movements of conspicuous features, such ad mobile megafauna, can be traced hourly for examining possible relationships with food supply events (e.g. ????Crissy).
3. Research question #3 - Is the measured food supply entering and reaching the sea floor on time scales of weeks to years sufficient to meet the food demand, as estimated from sediment community oxygen consumption, on time scales from days to years at Sta. ALOHA? Sediment community oxygen consumption will be measured with daily resolution using a bottom-transecting Benthic Rover (Smith and Sherman, 2009). This free-vehicle instrument transects across the sea floor, stopping a pre-programmed intervals to enclose a volume of sediment and overlying water and measure depleting oxygen concentration every 15 minutes over incubation periods of days using an optode.  The Benthic Rover can operate for periods up to one year without servicing, traveling on dual treads either up or across current to avoid disturbance of each new measurement site (Sherman and Smith, 2009; see Methodology section for detailed description of instrument). A typical year-long mission at Sta. ALOHA would be to occupy a new site every week separated by 10 m. A camera mounted on the Rover frame takes overlapping images during each transit between sites to provide high resolution images of ~ 2m2 of the sea-floor for comparison with those taken by the time-lapse camera tripod. Additional images are taken with a video camera during insertion and retraction of the incubation chambers at each site. The day to week resolution of SCOC will be compared to the 18-day resolution particulate organic carbon fluxes to estimate what fraction of the demand is met by the food supply on daily to yearly time scales. Sedimentation events obvious in the time-lapse camera tripod images will also be digitized (Smith et al., in press; see methodology section) for estimating flux to the sea floor for comparison with that measured from sediment trap collections.
4. Research question #4 - Is there a relationship between organic carbon supply and benthic community demand with changing surface water conditions and primary production at Sta. ALOHA? The processes leading to the settling of particles on the abyssal sea-floor extend from the atmosphere to the sea floor. Of particular interest has been the timing and intensity of links between climate variations related to El Nino Southern Oscillation, surface conditions and production, POM fluxes to the abyssal seafloor (Smith et al., 2006; 2008; 2009; 2013). The structure of the plankton community and primary production will be measured monthly by the HOT program and their results will be compared to the quality and quantity of sinking particulate matter collected in the sediment trap at 50 mab and also to those sediment traps maintained by the HOT program (Karl et al., 2012  ; see D. Karl support letter). We expect to find time-lagged correlations between surface events (e.g. Letelier et al., 2004; Keeling et al., 2004; Brix et al., 2004) and those at the deep-sea floor. Particulate matter fluxes to the seafloor and the observed number, size and surface area of conspicuous deposition of detritus and identifiable zooplankton, in addition to epibenthic megafauna will be compared on a variety of temporal scales to the measured phyto- and zoo-plankton dynamics in the euphotic zone, sea-surface conditions such as mixed layer depth and SST, satellite estimated SST, Chl-a, NPP, EF, and local to global scale climatic conditions. We expect to find increased food demand by the benthic community (sediment community oxygen consumption) associated with increases in food supply. These comparisons importantly will include data available through the HOT program, satellite oceanography data provided by imagers such as the Moderate Resolution Imaging Sprectroradiometer (MODIS) and Sea-viewing Wide-Field-of-view Sensor (SeaWiFS), and spatiotemporal climate data and analytical tools available through the National Oceanographic and Atmospheric Administration Climate Data Center (http://www.cdc.noaa.gov/).
5. Research question #5- How does the relationship between organic carbon supply and estimated demand by the benthic community in the oligotrophic central North Pacific (Sta. ALOHA) compare with that concurrently measured in the eutrophic eastern North Pacific (Sta. M)? Given the prediction of increasing stratification and reduced primary production in oligotrophic central gyres (Polovina et al., 2008) we expect to find the food supply to benthic community demand ratio being less than unity at Sta. ALOHA and above unity at Sta. M. The different ocean circulation settings at Sta. ALOHA vs. Sta. M likely set some limitations on how different they might be with ALOHA being potentially dominated by wind stress curl delivery of new nutrients vs. coastal upwelling delivery at M. In forward looking model simulations there is evidence that coastal upwelling may intensify in the eutrophic eastern North Pacific area due to greater differences between the land and ocean temperatures, whereas increased stratification in the CNP may reduce new nutrient delivery at ALOHA. Using interannual scale data, we expect that year to year variations in climate will drive surface ocean physics and biogeochemistry in a way that will provide important insights as to how these opposing mechanisms may work.  We expect that distance from shore is correlated to trend sign/intensity of export flux over time in satellite estimates. We also expect these links will relate to spatial differences in the nature of upwelling.
6. Synthesis of proposed research - A key question for oceanographic research has been how much carbon is effectively removed from the contemporary climate system by biogeochemical carbon pump mechanisms over what time and space scales. Sediment trap and Th methods have found a factor of two difference in global export flux of POC (Henson et al. 2011). And, as noted above, sediment traps can miss important high fluxes, especially related to upper ocean trophic level dynamics (Smith et al. 2013; in press). One key consideration is using benthic variations in SCOC as a proxy for ‘export’ variations  at depths where carbon is removed from the contemporary climate system (e.g. sometimes assumed to be 100 m depth or at the bottom of the surface mixed layer) is ‘how different might those two variations be?’ Using the formulation of Martin et al. (1987), the b parameter [Fz = F100(z/100)-b, Fz is POC flux at depth z, F100 is POC flux at 100 m depth, z is depth and b is the main constant determining the shape of the curve] in the upper mixed layer has important variations between seasons, years and locations (see Lutz et al. 2007), but b likely varies substantially less between the bottom of the upper mixed layer and the seafloor. We expect that seasonal and interannual changes in b for the lower part of the water column are << variable than for the upper part. Therefore the variations seen at the seafloor could be used as a substantially better proxy for variation in C sequestration than sediment traps alone and perhaps even the actual C fluxes themselves and help disentangle POC flux measurement challenges.
Henry and Crissy - We need to add the statistical analyses here to link it all together in this synthesis section. More detailed description of the statistical analyses are also needed in methodology section below.
C. Project Schedule

Phase 1 (September 2014 – April 2015):  In the first 8 months a new Benthic Rover will be built, duplicating the existing Benthic Rover that is deployed at Sta. M with the added acoustic modem communication system compatible with the ACO/ALOHA observatory (see B. Howe support letter).  Once built, all the systems of the new Rover will be tested in our deep tank at MBARI for several weeks using a real-time hookup to the Monterey Accelerated Research System (MARS cabled observatory).
Phase 2 (May – June 2015): During this one-month period, we will install the new Rover at the MARS observatory at 900 m depth for a time-series test and real-time monitoring through a cable connection. We will request a total of two days of R/V Carson with ROV Ventana through MBARI: one day for Rover deployment and attachment to MARS in May 2015 for a one-month test and then another day to unplug and recover the Rover. 
Phase 3 (July – November 2015): After extensive testing on MARS, the rover will be configured for autonomous service with a lithium battery pack and pre-programmed internal control and data storage.  We will request a total of 4days of R/V Western Flyer with ROV Ricketts through MBARI to deploy the new Rover and existing time-lapse camera system as free-vehicles for a 3-month test of both systems. Both of these instruments will be recovered during a regularly scheduled servicing MBARI cruise to Sta. M in October 2015 and data compared to identical instruments regularly deployed at Sta. M.
Phase 4 (December 2015 – June 2018) : The autonomous new rover and sediment trap-time-lapse camera mooring will be deployed at Sta. ALOHA in December 2015 for a 6 month deployment during a 5-day proposed cruise on R/V KOK or Kilo Moana.  These instruments will then be recovered in June 2016, serviced and then deployed for a one-year period during another 5-day proposed cruise on R/V KOK or Kilo Moana. Annual servicing will be conducted in June 2017 on a 5-day cruise with final recovery in June 2018 on a 3-day cruise of either R/V KOK or Kilo Moana. After each servicing, the data from the Rover and time-lapse camera will be analyzed. The collections from the sequencing sediment trap at 50 mab will be processed and compared with data obtained by the HOTs group for traps at 730 mab.
Phase 5 (July-August 2018): This final phase of the study will be devoted to analyzing the sediment trap, rover and time-lapse camera data from Sta. ALOHA and compared to the concurrently measured data sets at Sta. M. These results will then be published in peer-reviewed journals. Modelling effort?
D. Broader impacts

1. Outreach and education - This project will engage the scientific community and the public in field activities and associated results. In addition to scientific publications, the PIs will organize a special deep-sea time series session at the domestic (e.g. Ocean Sciences) and an international science meeting. A project website will be developed to coordinate links to data and outreach from previous and future research.  A web-based repository will be maintained for field data to facilitate query and analysis by researchers and linked to the ALOHA website. For the general public, an outreach coordinator will participate on each cruise and create an interactive web blog detailing the expedition, its personnel, methods, and discoveries, hosted on the MBARI website. The coordinator will facilitate the information and imagery needed to support public information objectives.  A graduate student, MBARI postdoctoral fellow and undergraduate student volunteers will be trained and mentored as important contributors in the field and laboratory work. With previous NSF funding, our laboratory has supported 26 undergraduates through Research Experience for Undergraduates (REU) awards to participate on cruises to the Antarctic and the North Pacific. Graduate students from the University of California San Diego, University of San Diego and San Diego State University have been integral to our NSF funded studies over the past 30 years at SIO and MBARI. Five PhDs have been awarded for research related to NSF funded studies in K. Smith’s laboratory at SIO and MBARI over the past 15 years along with support for 5 post-graduate students.
2. Scientific understanding - Global warming is now a well-documented phenomenon that is influencing every aspect of our world, from increased storm intensity to melting of polar ice sheets and rising sea level. The impact of such changes in climate is least known for the deep ocean, which covers over 60% of the earth’s surface. Recent studies have shown a strong connectivity between changing surface ocean conditions and carbon cycling in the deep ocean underlying eutrophic regions of the ocean. However, there is no such information concerning the impact of changing climate on the far more vast central gyre regions of the ocean including Sta. ALOHA in the central North Pacific. The proposed research will begin to address how changing climate impacts carbon cycling, including carbon re-mineralization and sequestration on the sea floor representing broad regions of the world ocean. 
E. Results from Prior NSF support 
1. OCE-0002385, $1,137,300, 01/01/01 – 12/31/06. Collaborative Research: Food limitation in the Deep Sea: A test of a paradigm using a long time-series photographic monitoring system with real-time data acquisition (K.L. Smith, P.I.). In collaboration with S. Beaulieu at WHOI, we developed a benthic monitoring system for the Hawaii-2 Observatory (H2O) with real-time data acquisition via an electro-mechanical cable (EM). The sedimentation sensor and digital time-lapse cameras were intended to monitor the flux of particulate matter as well as the activity of epibenthic megafauna in two 20m2 areas of the seafloor at the H2O site over a period > several years.  The H2O observatory became non-functional before our scheduled deployment of the benthic monitoring system in fall 2003 and was discontinued in 2006. Publications supported by this grant: a) Smith, K.L., Jr., R.J. Baldwin, D.M. Karl and A. Boetius (2002) Benthic community responses to pulses in pelagic food supply: North Pacific subtropical gyre. Deep-Sea Res. I. 49: 971-990. b) Smith, K.L., Jr., R.J. Baldwin, H.A. Ruhl, M. Kahru, B.G. Mitchell and R.S. Kaufmann (2006) Climate effect on food supply to depths greater than 4,000 meters in the northeast Pacific. Limnol. Oceanogr. 51:166-176.
2. OCE-0242472 (transfer OCE-0638505), $1,061,361; 01/28/03  - 1/31/08 – An autonomous bottom-transecting instrument for making long time-series measurements of phytopigment fluorescence and acoustically detectible sediment structure to abyssal depths.(K.L. Smith, P.I.). We developed the first generation benthic Rover to make time-series measurements of sediment community oxygen consumption as well as sediment surface fluorescence at up to 50 sites while transiting across the sediment surface. This development was first conducted at UCSD and then transferred when Smith moved to MBARI in June 2006. The final development continued until 2008. Publications supported by this grant: (a)K.L. Smith Jr, et al., (2008) Tracing abyssal food supply back to upper ocean processes over a 17-year time series in the NE Pacific. Limnol. Oceanogr. 53: 2655-2667. (b) Ruhl, H.A., J.A. Ellena and K.L. Smith, Jr. (2008) Connections betweem climate, food limitation, and carbon cycling in abyssal sediment communities. Proc. Nat. Acad. Sci. 105: 17006-17011. (c)McGill, P.R., A.D. Sherman, B.W. Hobson, R.G. Henthorn and K.L. Smith Jr. (2009) Initial deployments of the Rover, an autonomous bottom-transecting instrument platform. J. Ocean. Tech. 4:9-26. (d) Sherman, A.D. and K.L. Smith Jr. (2009) Deep-sea benthic boundary layer communities and food supply: A long-term monitoring strategy. Deep-Sea Res. II 56: 1754-1762. (e)Vardaro, M.F., H.A. Ruhl and K.L. Smith, Jr. (2009) Climate variation, carbon flux, and bioturbation in the abyssal North Pacific. Limnol. Oceanogr. 54: 2081-2088. (f)K.L. Smith, Jr., H.A. Ruhl, B.J. Bett, D.S.M. Billett, R.S. Lampitt and R.S. Kaufmann (2009) Climate, carbon cycling, and deep-ocean ecosystems. Proc. Nat. Acad. Sci. 106: 19211-19218. (g)Kahn, A.S., H.A. Ruhl and K.L. Smith, Jr. (2012) Temporal changes in deep-sea sponge populations are correlated to changes in surface climate and food supply. Deep-Sea Res. I, 70: 36-41. (h) Smith, K.L., Jr., H.A. Ruhl, M. Kahru, C.L. Huffard and A.D. Sherman (2013) Deep ocean communities impacted by changing climate over 24 y in the abyssal northeast Pacific Ocean. Proc. Nat. Acad. Sci. 110:19838-19841.
F. Methodology
1. Satellite estimates of chlorophyll, net primary production, and export flux
Satellite-derived near-surface chlorophyll-a concentration (Chl-a) will estimated using regionally optimized algorithms (1) and merged from four ocean color sensors (OCTS, SeaWiFS, MODIS-Aqua and MERIS). Net primary production (NPP) will be estimated with a version of the Behrenfeld and Falkowski (2) VGPM algorithm tuned to the central North Pacific (3) including satellite-derived Chl-a as input. Export flux (EF) of carbon will be estimated from NPP and sea-surface temperature (SST) according to the model of Laws (4) as modified by Nevison et al. (5) EF will be calculated for a nominal depth of 100 m but could be considered equivalent for the mixed layer due to the large errors in the estimates. Monthly mean values of all satellite-derived variables will be averaged in a circle with 100 km radius around Sta. ALOHA and Sta. M which was chosen as the best-fit to address the possible collection area, funnel of sedimentation, from surface to bottom (6, 7). 
2. POC flux

Particulate organic carbon (POC) flux will be measured from samples collected by sequencing sediment traps with a sampling resolution of 18 days. A sediment trap will be moored at 50 meters above bottom (mab) respectively. We will usea 21 cup sediment trap (McLane Research Laboratories, model Particle Flux Mark 78H-21)consisting ofa plastic collection funnel with anopening of 0.5m2 that is covered by a hexagonal-opening baffle (1.5 cm per side of each cell).  Trap collection cups will be filled with a preservative (3% buffered formalin) prior to each deployment.  Collection cups will be examined immediately after recovery and zooplankton swimmers removed.  The remaining samples will be frozen at -20oC.  Identifiable fecal pellets will also be counted in the sediment trap cups immediately after recovery but not removed from the sample (Wilson et al. 2013).
In the laboratory, samples will be thawed, split, and ¾ of each sample analyzed for organic carbon content.  This portion will be freeze-dried, weighed and analyzed in duplicate for total carbon (Perkin-Elmer or Exeter Analytical elemental analyzer, University of California Santa Barbara Marine Science Institute Analytical Lab) and inorganic carbon (UIC coulometer) (Baldwin et al., 1998; Smith et al., 2013). Because salt can represent a substantial portion of dry weight, the samples will be corrected for salt content estimated from AgNO​3 titration (Strickland and Parsons 1972).  Salt-corrected inorganic carbon values will be subtracted from salt-corrected total carbon to determine organic carbon.
3. SCOC measurements

This study will use a Benthic Rover for measuring SCOC (Sherman and Smith, 2009). Benthic Rover is a dual-tracked vehicle that will transit the soft-substrate seafloor, stopping every 10 m to make 2-3 day measurements of SCOC within two acrylic chambers, each enclosing 730 cm2 of sediment surface and the overlying water. Cameras will image each Benthic Rover chamber insertion depth into the seabed and allow for identification of fauna and other conspicuous structures that might be enclosed. Depletion of dissolved oxygen within each chamber will be recorded for one minute every 15minutes for one minute with an optode (Aanderaa, model 3830).  Sediment community carbon consumption rates will be estimated from SCOC rates using a conversion based on a respiratory quotient of 0.85 (Smith, 1987; Smith et al., 2013). 
4. Seafloor sedimentation and megafauna event monitoring

A time-lapse digital camera on a tripod frame with a 200 watt-sec strobe to either side of the camera (Sherman and Smith, 2009; Smith et al., 1993 will be secured to the base of the sediment trap mooring (Fig. 2). This camera system will document detrital aggregates and conspicuous megafauna in hourly photographs of  ~ 20m2 of the seafloor.  The size of individual detrital aggregates and fauna in digital images will be determined using VARS open source video annotating software (Schlining and Stout, 2006) that returns areas within digitized aggregate outlines (see Smith et al., 2013; Smith et al., in press for detailed description of technique). 
5. Comparative statistical analyses
G. Summary
 Global warming is now a well-documented phenomenon that is influencing every aspect of our world, from increased storm intensity to melting of polar ice sheets and rising sea level. The impact of such changes in climate is least known for the deep ocean, which covers over 60% of the earth’s surface. Recent studies have shown a strong connectivity between changing surface ocean conditions and carbon cycling in the deep ocean underlying eutrophic regions of the ocean. However, there is no such information concerning the impact of changing climate on the far more vast central gyre regions of the ocean including Sta. ALOHA in the central North Pacific. The proposed research will begin to address how changing climate impacts carbon cycling, including carbon re-mineralization and sequestration on the sea floor representing broad regions of the world ocean. 
Salaries:

Alana Sherman – 1.5 months – yr-1, 1.5 months – yr-2, 1.5 months – yr-3, 0.5 months – yr-4
Paul McGill – 1.5 months – yr-1, 1.5 months – yr-2, 1.5 months – yr-3, 0.5 months – yr-4
Brett Hobson – 1.5 months – yr-1, 1 month – yr-2

Rich Henthorn – 2.5 months – yr-1, 1.5 months – yr-2, 0.5 months – yr-3, 0.5 months – yr-4 
John Ferreira – 7 months – yr-1, 1.5 months – yr-2, 0.5 months – yr-3, 0.5 months – yr-4
Tom Marion – 4 months – yr-1, 1 month – yr-2, 0.5 months – yr-3

Shop time to fabricate Rover ??? (can’t add as part of fabrication costs)

Equipment

1. Benthic Rover (1) – ACO/ALOHA
2. Acoustic modem (1) – communication of Rover with ACO for periodic status reports
Schedule:

September 2014 – Start date

May 2015 – New Rover testing attached to MARS (3 weeks) – Carson (1 day deploy, 1 day recover)
July 2015 – New Rover and camera tripod testing at Sta. M (deploy) – WF deployment (4 days)

October 2015 – Recover New Rover and camera tripod at Sta. M during annual servicing cruise (WF- 8 days)

December 2015 – Deploy New Rover and time-lapse camera at ACO/ALOHA (5-day cruise on KOK or Kilo Moana)
June 2016 – Service New Rover and time-lapse camera at ACO/ALOHA (5-day cruise on KOK or Kilo Moana)
June 2017 – Service New Rover and time-lapse camera at ACO/ALOHA (5-day cruise on KOK or Kilo Moana)

June 2018 – Recover New Rover and time-lapse camera at ACO/ALOHA (3-day cruise on KOK or Kilo Moana)

September 2018 – End date

Ship time request
2015 – Two 1-day cruises on Carson (put on internal project for 2015 as per Etch)
2015 – One 4-day cruise on WF (put on internal project for 2015 as per Etch)
2015 – One 5-day cruise on R/V KOK or Kilo Moana (December)

2016 – One 5-day cruise on R/V KOK or Kilo Moana (June)

2017 – One 5-day cruise on R/V KOK or Kilo Moana (June)

2018 – One 3-day cruise on R/V KOK or Kilo Moana (June)
