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Title:  Food limitation in the deep sea: a test of a paradigm using a long time-series photographic monitoring system with real-time data acquisition.

C. PROJECT DESCRIPTION

I. Introduction
A major paradigm in marine ecology is that food is limiting in the deep sea and that temporal variations in the food supply will be manifested in the dynamics of benthic communities.  There are equivocal results regarding the impact of a temporally varying food supply on the deep-sea benthic community and component populations.  Sediment community oxygen consumption (SCOC), a measure of organic carbon utilization, varies directly with the flux of particulate organic carbon (POC) entering the benthic boundary layer (BBL) in the abyssal NE Pacific (Smith et al., 1992, Smith et al., 1994; Drazen et al., 1998).  In contrast, SCOC measured at similar depths in the NW Atlantic exhibits a constant rate when compared to the seasonal flux of POC (Sayles et al., 1994).  ATP concentration and hydrolytic enzyme activity in the surface sediment, a measure of microbial biomass and activity respectively, are associated with seasonal inputs of particulate matter in the NE Atlantic (Graf, 1989; Pfannkuche, 1993; Pfannkuche et al., 1999).  However, ATP concentrations do not correlate with seasonal patterns in SCOC or POC flux in the NE Pacific (Drazen et al., 1998).  Some components of the sediment community, including bacteria (Lochte and Turley, 1988), foraminifera (Gooday and Lambshead, 1989; Gooday and Turley, 1990) and macrofauna (Pfannkuche, 1993; Drazen et al., 1998) respond to the seasonal input of particulate organic matter to the deep-sea floor.  However, metazoan meiofauna density and biomass exhibited no response to seasonal pulses of phytodetritus in the NE Atlantic (Gooday et al., 1996). 


One conspicuous component of the benthic community, the mobile epibenthic megafauna, can be observed directly with camera systems.  Megafauna are defined as organisms that are large enough to be recognized in photographs (typically > 1 cm; Grassle et al., 1975; Smith et al., 1993).  The supply of particulate matter to the sea floor has been related to feeding in several mobile deep-sea megafauna in the NE Atlantic (Pearson and Gage, 1984; Thiel et al., 1988/89; Billett et al., 1988; Gooday and Turley, 1990; Pfannkuche and Lochte, 1993; Campos-Creasey et al., 1994).  Increased activity of mobile megafauna, as observed in time-lapse camera photographs, coincided with seasonal periods when detrital aggregates (particulate matter) were evident on the abyssal sea floor in the NE Pacific (Smith et al., 1994).  Mobile megafauna at this station also were present in the field of view for longer periods of time when potential food items were scarce (Kaufmann and Smith, 1997).  Spatial distributions of some mobile megafauna were significantly correlated with locations of detrital aggregates on the deep-sea floor (Lauerman and Kaufmann, 1998) and several megafaunal species were shown by radiotracer analysis to have ingested freshly deposited particulate matter (Lauerman et al., 1997). 


We have successfully used time-lapse cameras to monitor the movements of mobile megafauna in relation to particulate matter fluxes in the deep sea (Smith et al., 1993; Kaufmann and Smith, 1997).  An activity index was developed for these conspicuous animals based on the area traversed per unit time (Smith et al., 1994).  Such an index can be used as a proxy for examining the effects of a temporally varying food supply on benthic communities.  However, two major drawbacks of this methodology have been (1) the short duration of deployment periods (4 months) to gain hourly resolution with film-based cameras and (2) the labor-intensive process of manually digitizing the large number of photographs.

Four of the greatest limitations to any underwater monitoring program (i.e. not just photographic) to date have been (1) the longevity of battery power for instrumentation, (2) data storage, (3) the inability to collect/analyze data and alter sampling frequencies in real time, and (4) the inability to correct or compensate for malfunctions in real time.  Although the ability to monitor the same site on the sea floor for periods greater than one year with meaningful temporal frequency has not been possible in the deep sea, it has become a reality in shallow coastal environments with cabling to shore (LEO-15 site; von Alt et al., 1997; Glenn et al., 1998).  The recent installation and current operation of the Hawaii-2 Observatory (H20; Chave et al., 1997; Burns, 1999; http://www.whoi.EDU/science/GG/DSO/H2O) at 5000 m depth in the central North Pacific has made such long-term monitoring possible in the deep sea.  This Observatory provides power from shore with real-time data acquisition and control through an underwater telephone cable, permitting continuous, real-time monitoring of the abyssal sea floor over long time periods.  Here we propose the first long-term, real-time ecological monitoring of the abyssal sea floor. Observations at this site in the oligotrophic central Pacific may be compared in the future to observations at other, proposed deep-sea monitoring sites such as the NEPTUNE in the eutrophic North Pacific (website @ http://www.neptune.washington.edu).


We propose to utilize the unique capabilities of the H20 to study the short and long-term importance of a temporally-varying food supply on an abyssal benthic community, addressing the following important research questions:

1) What is the quality and quantity of sinking particulate matter reaching the sea floor at the H20 site as representative of the North Pacific central gyre?

2) What responses are elicited in the epibenthic megafauna, as a proxy for benthic community activity, by the quality and quantity of particulate matter arriving on the sea floor on time scales from hours to years? (Examples of responses could be changes in the activity index, species composition or abundance and size of megafauna).
We propose to develop a monitoring system, including a sedimentation sensor and digital time-lapse cameras, to monitor the flux of particulate matter as well as the activity of epibenthic megafauna in two 20 m2 areas of the sea floor at the H20 site in real-time over a period greater than several years.  Temporal changes in particle flux to the sea floor will be compared with the abundance and activity of the mobile epibenthic megafauna in replicate photographic areas for one year.  Once this technology is proven, we will propose, in a follow-up proposal, to continue undisturbed monitoring for another year to provide collectively a 2-year baseline.  After this baseline monitoring, we will enrich both areas with fresh phytoplankton using a spreader attached to an ROV (Jason) and then monitor the effects photographically for two years.  We are well aware of the impact of interannual variability in sinking particle flux on benthic community dynamics (e.g. Smith et al., 1994; Drazen et al., 1998, Smith and Kaufmann, 1999) and that the first two years of proposed baseline monitoring may not be the same as during the enrichment experiment.  However, with the continuous measurement of particulate fluxes, we will be able to evaluate the magnitude of the community response to artificial enrichment within the context of naturally occurring variability in sea-floor processes.  The unknown "sphere of influence" of our proposed enrichment on the benthic populations negates the possibility of enriching only one photographic site while simultaneously monitoring the other site as a control.  The same treatment at both photographic sites also provides redundancy in case one camera system fails during the long deployment.  Here we propose to develop the monitoring system, install it at the H20 site, and conduct a one-year test with real-time data acquisition and processing ashore.  

II. Instrument Development 


We propose to develop a long time-series monitoring system to include a sedimentation sensor, time-lapse cameras, and current meter using real-time data acquisition/processing with the following capabilities:

1. Operates autonomously at depths to 6000 m for periods ≥ 5 years with cable connection to H2O for power, communications, and data transmission ashore via underwater telephone cable.

2. Obliquely photographs two replicate 20-m2 areas of the sea floor with digital images taken at programmable frequencies and transmitted ashore in real time via underwater telephone cable.

3. Measures fluorescent quality and photographs at programmable frequencies the sinking particulate matter approaching the sea floor with data transmission ashore in real time.

4.  Measures current flow within the bottom meter of the water column.

5. Automatically processes images in the laboratory from the sedimentation sensor and time-lapse cameras for real time interpretation of processes at the sea floor.

 6. Allows user to change frequency of near-bottom and sea-floor monitoring measurements in real time through communication via underwater telephone cable. 

A. Description of instrumentation


The principal components of the long-term, in situ monitoring system will consist of a structural frame, sedimentation sensor, time-lapse cameras, and acoustic current meter to provide comprehensive time-series measurements of food supply reaching the sea floor and the visual processes at the sediment surface in the context of the local flow regime.  In addition, we will develop automated digital image processing software using existing image analysis programs to effectively process data in real time as it is received in our shore-based laboratory.  Sampling frequencies appropriate for particular sea floor events that may occur during the long-term deployment will be selected remotely in real time.  Each of the components are described below:


1.  In situ monitoring system


a.  Structural framework:

 
The tetrapod frame will be constructed of titanium angle and tubing (2m x 2m x 3m high) with a single swiveling lift ring (bale) at the apex (Fig. 1a; Table 1).  This frame will be constructed with sufficient strength to withstand free-vehicle deployment and resist corrosion for periods > 5 years but with reduced structural complexity in the bottom 1 meter to minimize effects on the near-bottom flow in the study sites.  Supports on either side of the main frame will secure the strobe lights at sufficient distances to maximize illumination of the two photographic sites while minimizing common volume scattering from suspended particulates (see below).  The instrumentation for the monitoring system will be mounted in the protected confines of the framework.

b. Sedimentation sensor

The sedimentation sensor will consist of a collection funnel, with a 0.5-m2 mouth opening, mounted vertically within the structural frame (Fig. 1a, c, d, e; Table 1).  The tapered base of this

collection funnel will be secured to an upper, stationary, delrin disk that supports the examination instruments above and an offset, rotating, collection disk with geared circumference below.  A lower stationary delrin disk supports the halogen lamp and drive motor (Fig. 1d). The rotating collection mechanism will be a modification of a proven design used worldwide on long term, sequence-sampling, sediment traps (Honjo and Doherty, 1988).  The rotating collection disk will have a polished glass plate forming the bottom of a cylindrical opening at the periphery of the disk (Fig. 1c, e) to retain the sample during examination.  Another cylindrical opening in the collection disk without a glass plate will be placed on the same radius to follow in each alignment position.  As the rotating disk is driven counterclockwise around the pivot pin by the interdigitating gear drive and stepper motor, the glass sample plate becomes aligned with four different positions (stations).  In the collection position, station 1, the sample plate is aligned with the base of the collection funnel and sinking particles settle on the glass surface.  Sampling frequency will be programmable at desired intervals to minimize the occurrence of overlapping particles and optimize individual particle examination on the glass plate.  After the collection/sampling period, the collection disk with glass sample plate is rotated to the first examination station, station 2, aligning with an optical window in the upper stationary disk through which a fluorometer (Fig. 1c,d; Table 1) measures the fluorescence of the particles on the sample plate (see below).  The collection disk then rotates to the second examination position, station 3, where a downward-looking digital camera (Fig. 1c,d; Table 1) photographs the collected particles using back-lighting through the bottom of the glass plate which is etched with a scale-marker.  The collection disk then rotates to the last position for cleaning, station 4, where a cam engages a lever arm on the hinged sample plate releasing the collected particles as the plate falls to a vertical attitude (Fig. 1e).  As the rotation continues back to the collection position, station 1, this sample plate passes through two opposing vertical brushes which clean the glass surfaces before it springs back to a horizontal position beneath the collection funnel to continue the sampling and examination process.  The elapsed time from the collection station, through the examination stations and back to the collection station will require < 2 minutes.  This elapsed time should have a negligible effect on the collection of sinking particles.

We propose to develop the in situ fluorometer system consisting of a windowed, titanium pressure housing positioned vertically above the rotating glass collection plate (Fig. 1c,d). The fluorometer system at station 2 will be programmable and will excite the phytopigments on the collection plate at wavelengths characteristic of chlorophyll (Chl a, 450 nm) and phycoerythrin (PE, 490 nm), as indicators of fresh phytodetritus (Yentsch and Yentsch, 1979; Mitchell and Kiefer, 1988).  Simultaneously with the excitation of phytopigments, emitted fluorescence will be monitored using a photo-multiplier tube (PMT), which is essential with the expected low concentration of phytopigments (B.G. Mitchell, pers. com.) at times of low POM fluxes (e.g. winter).  The PMT (Hamamatsu HC120) will be coupled in series with a motorized filter wheel containing filters centered at 590 and 685 nm (Table 1), the in vivo wavelengths of peak PE and Chl a fluorescence (Cowles et al., 1993).  The output from the PMT will be transmitted ashore in real time. The fluorescence imaging system will be calibrated with a range of Chl a and PE concentrations before the first deployment.  Internal calibration of this sensing system also will be conducted daily using measurements of the constant Raman scattering of sea water (Cowles et al., 1989) to correct for any drift or fouling which may occur on sensor surfaces. Raman scattering is due to the symmetric stretch of water molecules and is easily detected in the emission spectra of water when excited between 450 and 539 nm (Cowles et al., 1989). We will measure Raman scattering in the water when the opening without the sample plate is aligned with the fluorometer and the sample plate has rotated to the next position. Raman scattering is expected to be constant at the specific density and temperature of the ambient seawater (see Marshall and Smith, 1990).  Sensor drift can then be corrected using constant Raman scattering values for the H2O deployment site.  These time-series measurements of changes in the quantity and composition of phytodetritus will serve as a proxy for fresh phytodetritus arriving at the sea floor to address research question 1 (see above).

On completion of the fluorometric examination, the glass sampling plate will be rotated to the photographic station (station 3).  At this station, a downward-looking digital camera (sedimentation camera) in a windowed, pressure housing will photograph the collection on the sample plate with back lighting from below by a halogen lamp mounted on the lower stationary disk (Fig. 1c,d). The resulting digital image will be compressed and transmitted ashore for analyses of particle number and size.  The camera and light source will be mounted in titanium pressure cases with glass windows to preserve optical quality in examining the collected material on the glass plate.  On each rotation of the collection disk, facial O-rings on the rotating plate will pass across the optical surfaces of both the fluorometer and the digital camera/halogen lamp stations, removing any adhering material (fouling) to preserve optical clarity.   

On the completion of the examination phase, the collection disk rotates to the cleaning station (station 4) where a lever pries the glass plate open and the sample is "swept clear" as it passes across a stationary brush (Fig. 1e). The spring-loaded plate then snaps back into its original horizontal closed orientation and is rotated back to the collection position beneath the collection funnel.  


c.  Time-lapse camera system for seafloor monitoring


Two digital cameras will be mounted obliquely in the apex of the structural frame, with the lens of each aimed to opposite sides of the frame to image two independent areas of the sea floor (Fig. 1a).  Each camera will have 2000 x 3000-pixel resolution (Table 1).  A series of eight strobes, each 200 watt-sec and housed in glass spheres (Smith et al., 1993), will be mounted on extension arms to either side of each camera to illuminate a 20 m2 area of the sea floor.  We have found that a 200 and 400 watt-sec strobe provide sufficient illumination of such areas of the abyssal sea floor when using ISO 500-emulsion film.  Light requirements for the digital camera will be equivalent to the ISO 500-emulsion film.  However, only the 200 watt-sec strobe has sufficient longevity for deployments of > 5 years, thus requiring the combination of three strobes to gain the necessary illumination.  An extra strobe for each illuminated area will serve as a backup that can be activated via real-time communication link from ashore in the event of strobe failure.  The focal length of each camera will be calibrated before deployment.  The geometry of the tetrapod and the angle and focus of the cameras will remain constant throughout the deployment period negating the need for laser-assisted size referencing (D. Davis, pers. comm).  Video monitoring of the deployment site by the Jason ROV will also provide an estimate of the depth the tetrapod sinks into the sediment for final calibration corrections. In addition, a scale-marker will be temporarily lowered by Jason to the sea floor in the field of view of each camera after final positioning (see below) for size calibration of objects in the digital images.  We will collaborate with W. Wakefield (see attached letter, Section I) to configure the cameras and strobes to provide optimum focusing and resolution with calibration.


d. Acoustic current meter

We will incorporate a modular acoustic velocity sensor (MAVS-2; Nobska) within the structural frame to provide vector averaged current velocity measurements within 1 meter of the sea floor (Fig. 1a, Table 1). The current meter already mounted on the existing junction box of the H2O (Chave et al., 1997), will provide complementary data regarding bottom current flow at approximately 600 m distance from our system. 


e. Monitoring system controller
The controller for the in situ monitoring system will consist of a PC-104 microprocessor to enable PC software utilization for interface to the H2O junction box (RS-422) and for compatibility with lab computers at SIO and WHOI (Table 1).  This unit, housed in a titanium pressure cylinder mounted horizontally on the frame (Fig. 1a), will control the operations of the entire in situ monitoring system including the power allocation (50 watts), the frequency of data sampling, and compression of data prior to its transmission at <56 kb/s to shore across the telephone cable.  Data compression will be accomplished by filtering the digital images of the sea floor.  Since sea-floor images are similar from frame to frame (Smith et al., 1993; 1994), we will develop software to filter out pixels that have not changed between frames, and to save and transmit only those that are different.  The controller software will be accessible to shore-based commands to change the sampling frequency of any component of the monitoring system in real time.  This software also will have the flexibility to accept new programs for data manipulation to be loaded from ashore as the technology advances.  An emergency battery (72 amp-hr, Deep-Sea Power and Light) will be connected to the controller to permit data collection in the event of a temporary power loss from the H2O junction box.

f. Pop-up cable dispenser w/ communication cable

A critical consideration in deploying the monitoring system is positioning the connection cable to the H20 junction box so that it does not interfere with the field of view of either camera. To minimize this interference, we will fabricate a pop-up cable dispenser (Fig 1a, b).  This dispenser will be mounted on the structural frame and will consist of a Benthos transponder/release (TR-6000) attached to a polypropylene box enclosing a reel with a 600 m length of communication cable linking the in situ monitoring system controller to the H2O junction box (Table 1).  The proximal end of this cable will be connected to the system controller while the distal end in the dispenser will be available for attachment to the junction box.  On acoustic command, this dispenser will release from its platform on the structural frame and float up 20 m above on a tether (Kevlar® reinforced conducting cable; Fig. 2).  This conducting tether will enable communication between the controller and the transponder for acoustic interrogation of the system status (see below).  In the deployed configuration the tethered dispenser will have 580 m of communication cable wound on a removable reel with 20 m of the proximal end leading down in tandem with the tether cable to the system controller below.  The distal end of the communication cable, will have a wet-mateable underwater connector compatible with the junction box fittings (Ocean Design) and a grip designed for ROV (Jason) manipulation.  To overcome the problem of cable twisting, the cable reel is portable with a carrying framework for ROV manipulation and transport while paying out the cable to reach the junction box (see deployment scenario below).

2. Digital image analysis system:

 a. Data transmission/communication link:


Data will arrive at the shore-based end of the telephone cable at Makaha, Hawaii.  We propose to configure an internet drop at this relay station to have our data sent to SIO and WHOI in FTP protocol on Windows NT server.  The terminal server will be the same as that presently used at the Makaha station.  

Images of the sea floor and of the particles accumulating on the glass collection plate will be made available on a specially-designed web site and presentation of the data will be aimed at a broad spectrum of educational levels.  Our website will include links to other research activities conducted at the H2O site as well as ongoing satellite data on surface water measurements above the H2O site, such as sea surface temperature and color (a proxy for chlorophyll a concentration). 


b. Image analysis:


Digital images taken on frequencies of minutes to hours will be received at our laboratories (SIO and WHOI) in quasi-real time.  To provide real-time availability of transmitted images, we propose to develop software to analyze images as they are received.  The software will include feature detection routines based on edge detectors and morphological operators, allowing us to segment interesting objects in the field of view (Table 1).  We will use routines similar to those developed and applied in analysis of other series of deep-sea images (H. Singh, Deep Submergence Lab, WHOI, pers. comm.). Images will be examined using commercially available software (OPTIMAS Version 6.5 for Windows NT, released by Media Cybernetics, USA).  OPTIMAS offers image processing and measurement functions, automatic data output to ASCII files, and a programming environment for customization.  We also will utilize an add-on tool for OPTIMAS that was developed specifically for analyzing oblique photographs ("LaserMeasure", written by D. Davis at MBARI).  OPTIMAS with "LaserMeasure" has been used successfully to analyze faunal patterns in other deep-sea photos (T. Shank, WHOI, pers. comm.).  We will track megafauna in successive photographs to address research question 2 (see above).  The OPTIMAS software also will be used to analyze the images of particulate matter collected by the sedimentation sensor. 

B. Deployment scenario of in situ monitoring system

1. Site survey

The site surrounding the H20 previously has been surveyed using shipboard multi-beam acoustics and ROV video transects (A. Chave, pers. comm.).  Initial analysis of these data show that our study site should be located in the northwest quadrant of the area, some distance from the disturbed area where the coil of telephone cable lies south of the junction box. Video transects of the proposed study site reveal a flat, pelagic-clay sediment surface with little noticeable relief and sparse manganese nodules. We will survey a 1-km square area around this proposed site with ROV Jason using high-resolution video cameras in order to select a deployment area. A camera sled combined with otter trawl (Wakefield and Smithey, 1989; Lauerman et al., 1996) will be towed at a representative site several kilometers from the monitoring system to evaluate spatial distribution, abundance, and size distributions of the epibenthic megafauna (see Lauerman et al., 1996, for description of methods).  In addition, the ROV Jason will be used to take tube cores for sediment analysis (infauna analysis and chemical composition including carbon, nitrogen, and pigments) to compare with measurements made remotely on the sedimenting particulate matter (see Smith et al., 1998 and Drazen et al., 1998 for description of methods).  Individual epibenthic megafauna, a representative size range of the dominant species, will be collected with the ROV and placed in a temperature-insulated, hinged, polyethylene box for transport back to the surface via a free-vehicle elevator or Medea, the garage platform for Jason.  These animals will be measured, weighed, and then preserved for identification by appropriate experts and for interpretation of megafauna distribution and biomass observed in the time-lapse and camera sled photographs of the sea floor.  


2. Deployment of in situ monitoring system:

The monitoring system will be deployed as a free vehicle, with a releasable flotation package of Benthos spheres (see below) attached on a tether approximately 50 m above the instrument. The flotation package will be compatible for sea floor manipulation with Jason (to be fabricated by WHOI, A. Bowen, pers. comm).  Positioning of this deployment will be accomplished within the long-term navigational transponder network already in place at the H2O to assure a landing site within 50 m of the chosen site. Once on the sea floor, Jason will manipulate the free-vehicle by the flotation package, 50 m above the bottom, placing the camera system at the desired location approximately 500 m to the NW of the junction box (Fig. 2).  The cameras will be positioned such that the field of views are cross-current to the dominant current direction (as determined from current meter measurements on the H2O junction box). After final positioning, a shipboard command will be sent to acoustically release the flotation package simultaneously with the release of the pop-up dispenser. 


3. Connection with H2O junction box:

After release of the pop-up dispenser, Jason will grasp and pull the communication cable, using an attached grip/handle, from the pop-up buoy dispenser now located 20 m above the camera system and attach it to the junction box via the underwater mateable connector (see above description, Fig. 2). After connection, we will acoustically command the instrument, through the transponder/release on the pop-up buoy, to power up and begin operation while contacting the shore-based station to verify a functional status from initial data transfer. If a start-up failure occurs, the system will be prompted acoustically from shipboard and/or from communication over the telephone cable from ashore. The in situ monitoring system will be configured with a lifting bale so that recovery is possible with Jason using a tether from Medea in case of total system failure.  With a positive confirmation of functional status, Jason will slowly lower a tethered scale-marker (cross) to the sea floor in the field of view of each camera for calibration on the sea floor with minimal disturbance to the site (ROV altitude > 5 m). Angle from the tilt sensor in the acoustic current meter will be used to adjust our calibration of the field of view for image analysis (if it deviates from horizontal).  Once the digital images with the scale markers have been received ashore, the marker will be pulled up by the tether and removed from the camera site.  The functional status of the entire monitoring system will then be confirmed from above.  Successful operation will be followed by a resurvey of the in situ monitoring system using fly-over video camera techniques by Jason to avoid disturbance of the area.


4. Survey of site after one-year of operation:

We propose to resurvey the deployment site using Jason after one year of successful operation to evaluate any impact of the instrument on a larger spatial range than observed through the time-lapse cameras on the instrument.  In addition, a camera sled and otter trawl will be towed across the sea floor at a site distant to the monitoring site for comparison with the sampling conducted the previous year.

III. Schedule of development and initial operation
Phase 1 (September 2000 – December 2001): In the first 15 months, the SIO group will develop the monitoring system including the structural frame, sedimentation sensor, time-lapse camera system, acoustic current meter interface, system controller and pop-up cable dispenser.  The WHOI group will begin development of the digital image analysis system and educational web site. Two or three meetings will be held at WHOI with the image analysis group, the H20 group and ROV group. 

 
Phase 2 (January 2002 – April 2002): During this 4 month period, we will conduct shallow water testing of the complete monitoring system off the SIO and Marine Facilities piers using a direct cable link to our lab and divers to simulate ROV manipulation.  In-water calibration of the camera focal length will be conducted jointly by the SIO and WHOI group. This monitoring system will then be configured as a free-vehicle and deployed at abyssal depths (4000 m) off San Diego to test the complete package during two 5-day cruises (February and April 2002).  Successful abyssal testing will be followed by testing on the H2O simulator for power and communication compatibility at WHOI (see attached letter from A. Chave, Section I).  While at WHOI, we also will conduct tests with Jason to ensure compatibility for connecting the in situ monitoring system to the H2O junction box.  The development of the image analysis system will continue over this period using images obtained during the abyssal testing operations and the website development will continue.

Phase 3 (May 2002 – June 2002): The development of the image analysis system will be completed. A cruise on R/V Melville will be scheduled in June to deploy and connect the in situ monitoring system to the H2O junction box using Jason.  We will also conduct a survey of the H2O site using multibeam echosounding (SeaBeam), Jason, and the camera sled/otter trawl. 

Phase 4 (June 2002 - September 2003): The one-year, time-series collection of sedimentation and sea-floor images will commence with the monitoring system.  The image analysis system will be implemented to process the digital images in real-time, and the web site will be operational,  providing public access to time-series images of the abyssal sea floor.  Resurvey of the deployment site using Jason from R/V Melville will be scheduled in June of 2003 to evaluate noticeable physical or biological impacts on the surrounding area. When the entire system is operational, we will submit a new proposal to continue the monitoring program beyond Phase 4, including artificial enrichment studies with phytoplankton and naturally occurring phytodetritus to test the food-limitation hypotheses given above.  During the last 3 months of this proposed project, we will prepare manuscripts describing the in situ monitoring system including an analyses of the data from the first year of deployment.

III. SIGNIFICANCE

The vast expanse of the deep sea, covering 60% of the earth's surface, is largely unexplored.  Point sampling and a few, scattered time-series measurements have been used to provide a cursory description of the communities that occupy this extensive area of our globe. Given the large temporal variations recently discovered in particulate organic matter fluxes (as an indication of food supply) to several areas of the deep ocean, it is critical to expand time-series measurements in the deep sea.  Long time-series measurements of both food supply and activity of deep-sea organisms are critical to any informed decisions regarding the health, longevity, and resilience of deep-sea communities.

We propose to utilize the unique capabilities afforded by the Hawaii-2 Observatory, with power and communication provided over an underwater telephone cable, to conduct the first long-term, real-time monitoring of a deep-sea benthic community.  The in situ monitoring system that we will develop and then deploy at the H20 site will provide real-time, interactive capability to assess the importance of food supply on the structure and function of the benthic community.  This long-term ecological observatory on the sea floor will serve as a nucleus from which to develop other remote-sensing systems to address long time-series questions concerning the ecology of deep-sea communities and their functional role in open ocean ecosystems.  Deep ocean observatories will become increasingly important as concerns for the health and longevity of the ocean and its communities become globally important environmental and political issues, especially when considering the increasing frequency of anthropogenic impacts.

IV. RESULTS OF PRIOR NSF SUPPORT

  A.  K.L. Smith


Award Numbers: OCE 89-22620 and OCE92-17334


Award Amounts: $429,999 and $525,604


Award period: June 1990 to June 1993 and February 1993 to February 1997.

Title: Temporal variation in deep-sea benthic boundary layer communities: Long time-series measurements.

   1. Brief summary of results pertinent to the proposed research


Particulate organic matter (POM) fluxes entering the benthic boundary layer (BBL) in the abyssal NE Pacific (Sta. M) exhibited a strong seasonal signal, with episodic peaks from spring through fall and lows in winter.  Seasonal measurements of sediment community oxygen consumption (SCOC) were significantly higher in summer than in winter, apparently fueled by spring peaks in POM flux.  Detrital aggregates appeared on the sea floor in pulses over a 6-month period from July to December 1990, coinciding with periods when POM fluxes were elevated but generally delayed 1.5 months after the initial peaks in POM flux. Mobile epibenthic megafauna, consisting primarily of holothuroids and echinoids, were monitored with time-lapse photography and were twice as active when detrital aggregates were observed on the sea floor as during the rest of the year. (Smith et al., 1994).  The mobile epibenthic megafauna have the potential to substantially impact benthic processes at Sta. M, particularly processes involving the utilization, processing and redistribution of POM at the sea floor (Kaufmann and Smith, 1997).


Seasonal pulses of particulate matter sink to the sea floor and form visible detrital aggregates at an abyssal station in the NE Pacific. Concentrations of total and organic carbon, nitrogen, chlorophyll and phaeopigments in the detrital aggregates were similar to those in the sinking particulate matter collected concurrently in sediment traps at 50 m above bottom., but higher than those in the surface sediments.  Oxygen consumption of diffuse floc was similar to that of the background sediment, whereas discrete aggregates and radiolarian-patch samples had rates significantly higher than background sediment. Distinct detrital aggregates monitored visually with a time-lapse camera covered up to 4.9% of the sea floor and contributed substantially to the supply of organic carbon to the sediment community in fall 1994 while producing a minimal impact on SCOC.  The annual oxygen consumption associated with detrital aggregates represented a minor contribution (0.34%) to the annual SCOC estimated at Sta. M in 1994-1995. (Smith et al., 1998).


We developed and successfully collected data with a unique, bottom-transecting vehicle (ROVER) that permits the first long time-series measurements of SCOC. The ROVER was deployed for a four-month period (January to May 1996) to measure SCOC at 4100-m depth in the NE Pacific. During this deployment, the ROVER occupied 17 sites with each benthic chamber incubation lasting 6.3 days and a 17-hr interval between incubations for repositioning and transit.  SCOC ranged from 0.50 to 0.91 mmol O2m-2 d-1, generally declining from January until the end of February and then increasing irregularly to the end of the deployment in late May.  The higher temporal resolution for SCOC provided by the ROVER indicates changes in rates which go undetected with the coarse time-scale sampling employed previously with seasonal measurements (Smith et al., 1997).


A 7-year study of food supply [sinking particulate organic carbon (POC)] and food demand [sediment community oxygen consumption (SCOC)] in the abyssal eastern North Pacific revealed a long-term deficit in food supply. The POC:SCOC ratio decreased by 52 to 59% between 1989 and 1996.  A possible explanation for this trend is the documented sea surface temperature increase and concomitant plankton biomass decrease in the eastern North Pacific, resulting in an apparent reduction in POC export from surface waters to the deep ocean.  Continuation of this trend could profoundly impact geochemical cycling as well as the structure and dynamics of deep-sea communities. (Smith and Kaufmann, 1999).
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