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PROJECTS

BEST: Sea Ice Algae, a Major Food Source for Herbivorous Plankton and Benthos in the Eastern Bering Sea (NSF ARC-0732767) 


PIs: Rolf Gradinger, Bodil Bluhm, Katrin Iken (UAF)

Abundance, biomass, community composition and productivity of sea ice algae and phytoplankton. Salinity, temperature, and nutrient concentrations in ice cores and under-ice water, ice thickness, snow cover and light regime. Sedimenting material, stable isotope ratios (d13C, d15N) and algal community composition.  On-ice sampling with ice augers, ice-tethered sub-ice sediment traps, plankton nets, benthic grabs. Occasional small boat and helicopter.

BEST: Mesozooplankton-microbial food web interactions in a climatically changing sea ice environment (NSF ARC-0732301, -0732362, -0732382) 

PIs:  Evelyn Sherr and Barry Sherr (OSU), Robert Campbell (URI), Carin Ashjian (WHOI)

Mesozooplanton/microzooplankton grazing rates and grazing impacts; high resolution vertical and horizontal distribution of plankton from Video Plankton Recorder.  Plankton nets, CTD, Video Plankton Recorder

BEST: Role of Ice Melting in Providing Available Iron to the Surface Water of the Eastern Bering Sea Shelf (NSF ARC-0612538)

PI:  Jingfeng Wu (UAF)

Iron concentration in sea ice and seawater.  CTD. Water sampling from a small boat.  Sampling on ice.

BEST - A Service Proposal to Examine Impacts of Sea-ice on The Hydrographic Structure and Nutrients Over the Eastern Bering Sea Shelf  (NSF ARC-0732430, -0732640) 

PIs: Whitledge (UAF), Sonnerup (U. Washington), (Stabeno (NOAA))

Hydrography, nutrients, and chlorophyll.  CTD sampling.

BEST: The Trophic Role of Euphausiids in the eastern Bering Sea: Ecosystem Responses to Changing Sea-ice Conditions (NSF ARC-0732389, -0732667)

PIs: Evelyn Lessard (UW), Rodger Harvey (U Maryland)

Age structure and diet history of important euphausids; euphausiid grazing rates and growth and trophic lipid markers.  CTD, plankton nets, on ice sampling.

BEST: Nitrogen supply for new production and its relation to climatic conditions on the eastern Bering Sea Shelf. NSF ARC-0612427, -0612198

PIs:  Raymond Sambrotto (LDEO-Columbia), Daniel Sigman (Princeton)

New (nitrate) and regenerated nitrogen production; nitrogen isotope ratios.  CTD.

BEST: Denitrification and global change in Bering Sea shelf sediments (NSF ARC-0612436, -0612380)

PIs: Allan Devol (U. Washington), David Shull (Western Washington U.)

Profiles and fluxes of oxygen, nitrate, ammonium, phosphate and silicate in the sediment; measurement of 222Rn and 210Pb.  Benthic coring with multicore; AUV work under ice.

BEST: The Impact of Changes in Sea Ice Extent on Primary Production, Phytoplankton Community Structure, and Export in the eastern Bering Sea (NSF ARC-0732680, -0732359)

PIs: Brad Moran (URI), Mike Lomas (BBIOS)

Gross and net primary production using traditional 14C, 13C methods, and triple oxygen isotope technique and dissolved oxygen concentrations. Water column fluxes of particulates along the slope.  Sinking rates of particulates.  CTD and floating sediment traps.

BSIERP Project: Epi-benthic survey (NPRB project)

PIs: Jackie Grebmeier, Lee Cooper (U. Maryland)

Distribution of epibenthic megafauna using benthic camera.

BEST: Benthic Ecosystem Response to Changing Ice Cover in the Bering Sea NSF ARC-0802290
PIs: Jackie Grebmeier and Lee Cooper
Benthic infaunal community composition and biomass. Delta O-18 in seawater.  CTD and benthic grabs.

North Pacific Pelagic Seabird Observer Program (NPRB Project 637)

PIs: Kathy Kuletz, David Irons (USFWS)

Seabird abundance and composition relative to oceanography. Visual observations.

Echo Location and Estimation of Fish and Krill 

PI: Alex De Robertis (NOAA)
Multifrequency acoustics using fish finder.

General Cruise Plan

The cruise will sample along three major transects across the Bering Sea and a transect running along the 70 m isobath.  Generally, there will be a long (20 hours?), process station every other day, with multiple short stations in between.  During the first part of the cruise (March 29 - ~April 12), there will be an ice station once daily as well, ice conditions permitting.  The ice station will last ~6 hours and will occur during hours of daylight.  The helicopter may be used to recover ice tethered sediment traps from stations behind us on the track daily as well.  

The cruise track runs from offshore to inshore along the southern most line (see attached map), then inshore to offshore along the middle line, and then offshore to inshore on the northern most line.  There will be a helicopter trip into Gambell, St. Lawrence Island when the ship is at the midpoint of the northernmost line (closest approach to SLI).  Following the completion of the northern line, the ship will head south to sample along the oblique line that joins the middle line.  The ship then will head to the shelf break to sample two deep stations (time permitting).  Following the deep stations, the ship will sail to St. Paul, the Pribilofs, for the mid-cruise personnel transfer on April 20.  

Following the personnel transfer, the ship will either sample the deep stations at the shelf break (if time did not permit before April 20) or conduct ice edge sampling and repeat sampling of a section of a transect that was previously ice covered but now is ice free. The ship will reach the southern most station of the 70 m isobath line on ~April 26 in order to complete all planned sampling on that line prior to the return to Dutch Harbor.  The ship will proceed from S to N along the 70 m isobath line, conducting short stations and 2-3 process stations enroute.  Upon reaching the northern end, the ship will sail south toward Dutch Harbor. If time permits, limited sampling along an E-W transect that intersects the southernmost NOAA mooring will occur prior to return to Dutch Harbor, arriving there by or on May 6.

See Detailed Itinerary (attached).

APPENDIX

Project Summaries:

BEST: Sea Ice Algae, a Major Food Source for Herbivorous Plankton and Benthos in the Eastern Bering Sea (NSF ARC-0732767) 


PIs: Rolf Gradinger, Bodil Bluhm, Katrin Iken (UAF)

Funds are provided to study the role of sea ice algae in the food web of the eastern Bering Sea shelf ecosystem. The scarce observations available from the Bering Sea indicate that ice algal production may be as high as 30% of the phytoplankton production; during times of ice cover, ice algal biomass can be nearly as high as integrated pelagic algal biomass. The overarching hypothesis of this proposal is that sea ice algae are the major food source for pelagic and benthic herbivores in spring, specifically during periods of ice melt. In addressing this hypothesis, this proposal aims at providing information on the spatial and temporal patterns of abundance, biomass, community composition and productivity of sea ice algae and phytoplankton just below the ice in relation to the physical and chemical environment. Environmental measurements will include salinity, temperature, and nutrient concentrations in ice cores and under-ice water, as well as ice thickness, snow cover and light regime. Sedimenting material, stable isotope ratios (d13C, d15N) and algal community composition will be used as three lines of evidence to follow the fate of ice algal production through the pelagic and into the benthic food web of the Bering Sea. Field work conducted during different ice cover regimes will be augmented with experimental work on pelagic and benthic herbivores, producing the first-ever stable isotope turnover rate measurements for any Bering Sea invertebrates. The combined data set will allow for a refined interpretation of the relevance of the sea ice produced organic matter for the food web structure in the Bering Sea.

This project is part of a larger program designed to develop understanding of the integrated ecosystem of the eastern Bering Sea shelf, a highly productive region of US coastal waters. This ecosystem is home to a major portion of the commercial fisheries of the US and also provides significant resources to subsistence hunters and fisherman of Alaska. Understanding role of sea ice algae in this system is essential to being able to predict how and why the system may respond to changes in sea ice conditions, such as have been observed in recent years. 

BEST: Mesozooplankton-microbial food web interactions in a climatically changing sea ice environment (NSF ARC-0732301, -0732362, -0732382) 

PIs:  Evelyn Sherr and Barry Sherr (OSU), Robert Campbell (URI), Carin Ashjian (WHOI)

Funds are provided for an analysis of the impact of changing sea ice conditions on planktonic food web structure, focusing on microzooplankton and mesozooplankton trophic linkages and the fate of phytoplankton blooms in the Bering Sea during spring sea ice conditions. To this end, the principal investigators plan to conduct experiments over a range of ice, ice edge, and open water conditions, and, particularly, will consider the importance of detached ice algae, when present, as a food source for the secondary consumers. As part of this effort, they will determine standing stock biomass, composition, and size structures of phytoplankton, microzooplankton and mesozooplankton assemblages, measure microzooplankton growth and mesozooplankton reproduction rates, and measure grazing rates and prey preferences of heterotrophic protists and dominant species of mesozooplankton. They will also determine the fine scale vertical distribution of plankton, especially of fragile forms such as colonial phytoplankton, to identify thin layers of plankton/ particles in association with hydrographic features. Their collaborative study will explicitly address trophic linkages previously unexplored in this region of the subarctic. They hypothesize that changing ecosystem structure due to global warming, e.g. decrease in seasonal sea ice, will alter these trophic interactions, and thus the ultimate fates of algal production in this region. They plan to participate in each of the three annual cruises proposed for spring sea-ice conditions during the BEST field program. They will carry out a full set of analyses (standing stock determinations and rate measurements) at designated stations along transects within the BEST study area. Abundances and rate measures will be combined to determine relative microzooplankton and mesozooplankton grazing impacts.

While the direct measurements and observations to be derived from this program will allow the principal investigators to describe the microzooplankton and mesozooplankton of the eastern Bering Sea shelf and their grazing impacts with a detail heretofore unavailable, the numbers they derive will also provide strong constraints on the ecosystem models to be developed as part of BEST. These models will serve as an important tool during the synthesis of the collective understanding derived by the BEST investigators.

BEST: Role of Ice Melting in Providing Available Iron to the Surface Water of the Eastern Bering Sea Shelf (NSF ARC-0612538)

PI:  Jingfeng Wu (UAF)

Funds are provided to test the hypothesis that melting ice is a significant source of iron for biological growth in the stratified Bering Sea shelf water during spring. The PI will investigate whether iron in the water immediately beneath the sea ice cover is depleted before macronutrients are depleted during the initial algal growth in spring prior to sea ice melt. He, also, will determine whether subsequent melting of sea ice is an important source of available iron that leads to a persistent excess of iron in the ice-free shelf surface water. If available iron is a limiting micronutrient in this environment, the proposed experiments will provide an alternative to the standard explanation of the effects of sea ice melting on the spring phytoplankton bloom.

BEST - A Service Proposal to Examine Impacts of Sea-ice on The Hydrographic Structure and Nutrients Over the Eastern Bering Sea Shelf  (NSF ARC-0732430, -0732640) 

PIs: Whitledge (UAF), Sonnerup (U. Washington)

Funds are provided to collect, quality control, analyze and distribute to all Bering Sea Ecosystem Study (BEST) investigators the core physical and chemical observations during the spring cruises projected for BEST. This proposed study will also examine how sea-ice affects along- and across-shelf gradients of temperature, salinity, fluorescence, oxygen, nutrients and currents by integrating data from multiple hydrographic surveys in late winter and spring with trajectories from satellite-tracked drifters and data from long-term moorings (funded elsewhere).

BEST: The Trophic Role of Euphausiids in the eastern Bering Sea: Ecosystem Responses to Changing Sea-ice Conditions (NSF ARC-0732389, -0732667)

PIs: Evelyn Lessard (UW), Rodger Harvey (U Maryland)

The principal investigators' primary hypothesis is that seasonal and interannual variation in the timing and coverage of sea-ice and associated food resources will lead to differences in age structure, diet history and nutritional condition for euphausids, which ultimately translate into differences in production rates and availability as prey to higher trophic levels. Funds are provided to quantify the age structure and diet history of important euphausids together with detailed information on their consumption and growth and to link field collections and analysis with laboratory rearing for age calibrations and shipboard feeding experiments to test the validation and retention of trophic lipid markers as well as the quality and quantity of food resources.

The investigators' objectives include:

1. To determine the potential impact of climate driven changes in sea-ice conditions on lipid content and lipid classes in major euphausid species and thus nutritional condition and reproductive potential over seasonal and interannual time scales.

2. To understand the feeding history, feeding rates and grazing strategies of euphausids under changing spatial (i.e. ice-covered, ice-edge, and open water zones) and temporal (i.e. seasonal and interannual) prey fields. Multiple approaches (i.e. feeding experiments, gut content analysis) will be used for validation and determination of retention of specific lipid dietary markers.

3. To apply recent advances in biochemical approaches to determine the age structure in field populations of euphausids and the potential effects of climate change on maintenance or disruption of cohort populations seasonally and interannually. Laboratory rearing conducted in parallel by Alaskan colleagues will allow calibrating precise ages in cohorts.

This project is part of a larger program designed to develop understanding of the integrated ecosystem of the eastern Bering Sea shelf, a highly productive region of US coastal waters. This ecosystem is home to a major portion of the commercial fisheries of the US and also provides significant resources to subsistence hunters and fisherman of Alaska. Euphausids are believed to be a critical link in the food web connecting plankton to fish resources in the region. Understanding the ecology of these organisms is critical to understanding how the commercial and subsistence fisheries may respond to a changing environment.

BEST: Nitrogen supply for new production and its relation to climatic conditions on the eastern Bering Sea Shelf. NSF ARC-0612427, -0612198

PIs:  Raymond Sambrotto (LDEO-Columbia), Daniel Sigman (Princeton)

This project will measure new (nitrate) and regenerated nitrogen production directly with tracer incubation measurements in ice-impacted and ice-free regions of the eastern Bering Sea shelf. New production is indicative of the total amount of organic material available for higher levels of the food chain and the ratio of new to total nitrogen production (the co-ratio) indicates the degree to which production is linked to grazing within the water column. This ecological information will be used to characterize the partitioning of primary production between water column and bottom-dwelling consumers and how this changes with conditions on the shelf. The PIs hypothesize that the seasonal development of regenerated production will be closely associated with that of the zooplankton populations and thus the nitrogen productivity data will test a key component of the oscillating control hypothesis that links climate variability to the flow of nutrition through the food web. Community composition will be evaluated in parallel with nitrogen productivity because significant successional as well as year-to-year changes in phytoplankton have been observed on the eastern Bering shelf.

This project also will measure the natural isotopic ratios of both the nitrate supply (both 15N/14N and 18O/16O) and the forms of nitrogen produced (the 15N/14N of suspended and sinking particles, dissolved organic N and ammonium). These measurements provide a passive isotope approach that will reflect the intensity of nitrate assimilation and provide a new constraint on shelf new production. The project will calibrate this new approach against tracer incubation measurements. The passive isotope approach should be particularly useful in quantifying new production in hydrodynamically complex, but ecologically important regions, such as the shelf break, that are difficult to characterize with standard budgets and incubation-based measurements. Finally, the PIs will examine the processes for year-to-year variations of combined nitrogen on the shelf. This analysis will be used to test the hypothesis that variations in physical and biological processes may influence productivity of larger organisms by controlling the amount of combined nitrogen available on the shelf for growth.

BEST: Denitrification and global change in Bering Sea shelf sediments (NSF ARC-0612436, -0612380)

PIs: Allan Devol (U. Washington), David Shull (Western Washington U.)

Observed patterns of seasonal and inter-annual variation of ice cover in the Bering Sea appear to be linked to global climate change. These patterns suggest that long-term warming of the Bering Sea would cause a shift in timing of the spring bloom and, concomitantly, in energy flow from benthic to pelagic communities. The PIs will test the hypothesis that variation in the timing of the spring bloom changes the rate of denitrification in Bering Sea sediments, which will have substantial consequences for productivity in this region.

Denitrification in shelf sediments of the southeastern Bering Sea is estimated to remove about one third of the total nitrate supply to the Bering Shelf. The specific hypotheses that the PIs propose to test are:

(1) Dentirification covaries with organic matter input to the sediment and infaunal burrow densities, peaking at intermediate infaunal densities,

(2) Macrofaunal burrow ventilation rates covary with organic matter input,

(3) Return of nitrogen to the overlying water will be a non-linear increasing function of organic-matter input, and

(4) The fraction of export production reaching the sediment will change with the timing of sea ice melt.

To test these hypotheses, they will participate in oceanographic cruises in 2007-2009, conduct onboard experiments, and collect core samples for the measurement of profiles and fluxes of oxygen, nitrate, ammonium, phosphate and silicate. They will also collect samples for measurement of 222Rn and 210Pb profiles, from which they will calculate sediment bioirrigation rates and bulk sedimentation rates, respectively. This combination of measurements will allow them to estimate sedimentary denitrification rates, overall benthic carbon oxidation rates, macrobenthic irrigation rates and organic-matter burial rates, and to test their hypotheses. Additionally, they will use the data to construct a mathematical model of sedimentary nitrogen cycling that can be used as a boundary condition for larger Bering Sea Ecosystem models.

It is assumed that, at present, the nitrogen needed to fuel the primary production on the Bering Sea shelf is derived from cross-shelf transport of oceanic waters and denitrification in shelf sediments. How the relative importance of these two sources of nitrogen would change under an altered ice regime and the consequences for the ecosystem remain important unanswered questions. This research effort should provide a considerable improvement in our knowledge of existing conditions and our projections of future conditions.

BEST: The Impact of Changes in Sea Ice Extent on Primary Production, Phytoplankton Community Structure, and Export in the eastern Bering Sea (NSF ARC-0732680, -0732359)

PIs: Brad Moran (URI), Mike Lomas (BBIOS)

Funds are provided to test the following core hypothesis: climate-driven interannual variability in sea-ice extent and duration shifts the eastern Bering Sea autotrophic community between one of two states; marginal ice-zone (MIZ) blooms vs. open-water blooms. The MIZ bloom state is characterized by high biomass, diatom-dominated blooms, high pelagic export and tight pelagic-benthic coupling, whereas the open-water bloom state is characterized by lower biomass, flagellate blooms, low pelagic export, and reduced pelagic-benthic coupling. This project will generate measurements of primary production using traditional 14C, 13C methods, and use the innovative triple oxygen isotope technique and dissolved oxygen concentrations to estimate gross and net primary production, respectively. This combination of productivity measurements will be used to test the hypothesis that while gross primary production does not change with sea-ice extent, net production does, and is inversely related to sea-ice extent.

Phytoplankton community structure measurements will allow the PIs to test their hypothesis that the autotrophic community switches from a diatom-dominated, high export system in the MIZ, to a flagellate-dominated, lower export, system in open water blooms.

This project is part of a larger program designed to develop understanding of the integrated ecosystem of the eastern Bering Sea shelf, a highly productive region of US coastal waters. This ecosystem is home to a major portion of the commercial fisheries of the US and also provides significant resources to subsistence hunters and fisherman of Alaska. Characterization of rates of primary production by phytoplankton and the varying structure of the phytoplankton community in response to changing sea ice conditions will provide information about changes at the base of the food chain that will constrain models of the ecosystem. This information will be essential to a successful integrated ecosystem modeling protocol for the region.

BSIERP Project: Epi-benthic survey (NPRB project)

PIs: Jackie Grebmeier, Lee Cooper (U. Maryland)

BEST: Benthic Ecosystem Response to Changing Ice Cover in the Bering Sea NSF ARC-0802290
PIs: Jackie Grebmeier and Lee Cooper
Funds are provided to support a benthic-focused measurements program in the northern Bering Sea that extends and expands a twenty-year effort in that region. The northern benthic biological communities are known to provide food resources for benthic-feeding apex predators that include gray whales, bearded seals, walruses, and diving sea-ducks, all of which are used by subsistence-based communities along the Bering Sea coast. Previous work indicates that climate warming may change the present benthic-dominated northern Bering Sea ecosystem to one that is more pelagic and similar to the southern Bering Sea food web.

The principal investigators will document benthic infaunal community composition and biomass as a means to determine key indicator species that should be monitored to evaluate climate change impacts on the Bering Sea ecosystem. In addition, they will undertake analyses of sediment indicators of status and trends in ecosystem health, including sediment grain size, oxygen demand, chlorophyll inventories, organic carbon content and stable carbon isotope ratios of sediment organic carbon, and inventories of atmospherically-derived, particle-reactive radionuclides (7Be) and clay-associated radionuclides (137Cs). All of these can be used as ecosystem indicators of recent particle deposition, sediment processing, and the overall fertility of overlying waters. They will integrate these new data with the extensive record for the region. These data will help interpret data collected by collaborators, with other funding, concerning marine mammals. It will also serve as important constraints on the models being developed for the region, both within the BEST and BSIERP programs. 

North Pacific Pelagic Seabird Observer Program (NPRB Project 637)

PIs: Kathy Kuletz, David Irons (USFWS)

The U. S. Fish and Wildlife Service (USFWS) is undertaking an at-sea program utilizing ships of opportunity, with the goal to update our seabird database and improve efforts to use them as indicators of change in the North Pacific/Arctic oceans.  A seabird observer will be onboard HLY0802 to take advantage of oceanographic and biological data in relation to seabird distribution and abundance. The USFWS seabird observer will be equipped with all necessary field gear, including a laptop computer with integrated GPS for data recording.  Following established protocols, the observer will conduct surveys during daylight hours, recording all marine birds and mammals within a set transect width.
Echolocation and estimation of fish and krill 

PI: Alex De Robertis (NOAA)
