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Abstract 
 
In 2005, fishery landings in Alaska were 5.7 billion pounds, or almost 60% of the 

total pounds landed in the U.S. (NMFS 2007). Approximately 40% of all U.S. fish and 
shellfish landings occurred in the eastern Bering Sea. The nation’s top seafood port in 
2005 was Dutch Harbor-Unalaska, accounting for 888 million pounds of landings worth 
$283 million before value-added processing. These numbers make fishing efficiency and 
long-term sustainability key elements to Alaska’s economic growth.  

The purpose of this proposal is to conduct a feasibility test to determine the 
usefulness of near real-time temperature data from the Bering Sea to commercial fishers, 
fisheries managers and the science community. It is anticipated that knowledge of Bering 
Sea bottom temperatures and vertical profiles of temperature will help determine fishing 
locations more efficiently, and will be important to fisheries managers and the science 
community. 

Bottom and water column temperatures will be acquired using free-drifting profiling 
floats. For this feasibility study, and to keep costs down, we will deploy and acquire data 
from two floats with temperature data transmitted weekly to the PIs. Following 
transmission and receipt of data, we will post it as soon as possible on the Alaska Ocean 
Observing System web site. We will determine whether data maps faxed to commercial 
fishers is also useful, building on past positive AOOS experience with data delivery to at-
sea vessels. Following this study, the full data set of temperature can be used in fisheries 
models, and used to establish a baseline of modern temperature records from the fishing 
grounds of the Bering Sea. 

 
Background and relevance to research priorities 
 
The Bering Sea is characterized by a shallow shelf that extends ~500 km westward 

from the Alaskan coast to the shelfbreak, and ~1000 km northward from the Alaska 
Peninsula to Bering Strait. The northeast Bering Sea shelf is less than 150m deep with a 
deeper plain to the southwest between 3,700 and 4,000m. The Bering Sea connects to the 
Chukchi Sea to the north through Bering Strait which is 85 km wide at its narrowest and 
about 50 m deep. To the south, the Aleutian Islands form a porous southern boundary 
with four major passes and two straits connecting to the North Pacific: Unimak, Tanaga, 
Amukta, and Amchitka passes, and Near Strait and Blizhny Strait. The Aleutian passes 
are generally less than 50km wide with highly variable flow. Opposing flows are 
common in their eastern and western halves. Bathymetry of the Aleutian passes is 
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marginally resolved, although recent hydrographic lines have improved the existing 
knowledge. Better datasets are anticipated as USGS digitizes its charts. 

As documented in the Bering Ecosystem Study (BEST) Science Plan (2004), the 
Bering Sea ecosystem has changed significantly in recent decades, both physically and 
biologically, and often in concert with regional climate fluctuations. However, because 
the mean northward flow over the Bering Sea region transports waters from the Bering 
Sea basin, the Gulf of Alaska, and adjacent rivers into the Arctic Ocean, local changes are 
likely to spread from the Bering shelf. The Bering shelf thus comprises a physical and 
ecological continuum between the North Pacific and Arctic oceans, with the flow field 
providing a mechanism by which changes on the Bering Sea shelf will impact the 
ecosystems of the Chukchi Sea and the Arctic Ocean. A direct result of the measurements 
proposed here is knowledge of temperatures and the flow field to help place regional 
changes into broader context. 

The physical oceanography of the Bering shelf is well described (see Coachman, 
1986; Stabeno et al.,1999; Schumacher et al., 2003, and references therein).  The shelf is 
broad and relatively shallow, and the bathymetry delineates three distinct biophysical 
regions: the outer shelf, middle shelf, and coastal domains.  Domains are separated by 
fronts that align with isobaths.  The coastal domain extends from the coast to the 50 m 
isobath, the mid-shelf domain lies between the 50 and 100 m isobaths, and the outer 
domain extends from the 100 m isobath to the 200m isobath or the shelfbreak.  The inner 
shelf, from 20 to 100 km in width, extends northeastward along the Alaska Peninsula, 
includes the inner portion of Bristol Bay, and continues northward to Bering Strait. The 
mean flow is generally northward along isobaths, except near 180°W, where part of the 
slope current veers northward onto the western shelf (Coachman, 1993) carrying saline 
and nutrient-rich water.  Some of this water moves eastward along the south coast of St. 
Lawrence Island (Danielson et al., 2006) before turning northward around the east side of 
the island.   

The largest mean current speeds are about 10 cm s-1 in the outer domain with the 
weakest currents about ~1 cm s-1 in the mid-shelf domain. Intermediate flows are about 3 
cm s-1 in the coastal domain (Kinder and Schumacher, 1981). Northwest of the Pribilof 
Islands the current speeds range between 1 and 5 cm s-1 (Stabeno et al., 2001). In general, 
the mean flow is weak compared to both tidal and wind-forced subtidal currents that can 
be as large as ~50 cm s-1 and persist for days.  Tidal currents are a major fraction of the 
total kinetic energy of the shelf (Coachman, 1986; Schumacher and Kinder, 1983) and 
are important in vertical mixing. 

The thermohaline structure differs among the domains due to differences in water 
depth, proximity to the slope, and the relative importance of advective and diffusive 
processes that shape stratification and water mass structure. Both salinity and nutrients 
increase seaward.  Nutrient availability to the euphotic zone depends principally upon 
vertical mixing, with wind mixing in the surface layer and tidal friction stirring the 
bottom boundary layer.  Waters of the outer domain are moderately stratified with their 
properties set by lateral exchanges between the basin and the mid-shelf domain. 
Exchange is induced by tides, slope eddies, and wind-forced currents.  From late spring 
through fall, mid-shelf waters have a strong pycnocline at mid-depth that separates a 
homogeneous, wind-mixed surface layer from a tidally-mixed, bottom layer.  Bottom 
water properties are largely established in winter (Stabeno et al., 1999) while surface 
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layer properties depend upon ice melt and the annual cycle of solar heating, and the weak 
exchanges between coastal and outer-shelf waters. Surface- and bottom-mixed layers 
overlap on the inner shelf, creating a vertically homogeneous water column that is 
substantially fresher than offshore waters due to river runoff and the dilute waters 
entering the southeast shelf from the Gulf of Alaska. 

 
Ice 
 
Seasonal ice in the Bering Sea strongly influences currents, water properties, and the 

entire ecosystem. Ice forms annually in the Bering Sea in the north and near the coast. Ice 
melts completely in the summer so there is no multiyear ice, in contrast to the Arctic 
basin. In the Bering Sea, the ice edge is sensitive to the magnitude of the shortwave 
radiation forcing. 

There has been less sea ice and warmer temperatures since 2001 than during the late 
1970s.  During the last several years, the summertime, depth-averaged water column 
temperature has increased 2 - 3 °C, relative to 1995. The spring transition now occurs 
earlier, and the fall transition occurs later than previously, extending the summer calm 
period and potentially reducing nutrient input into the surface waters. 

Bottom water temperatures over the Bering Sea shelf warm from April through 
September (Overland et al., 1999; Stabeno et al., 2001). The timing and extent of sea ice 
melting determines the distribution of cool bottom temperatures that persist through 
spring and summer. The annual creation of cold, salty, dense water creates an area of cold 
water on the northern Bering Sea shelf called the "cold pool". This cold water remains 
throughout the summer and its rich nutrients help drive production. There is a cold pool 
over the middle shelf of the southeastern Bering Sea when thicker sea ice remains 
through late spring. This southern cold pool impacts distributions of species of fish, 
including pollock. Cold, bottom waters may be retreating northward, affecting pollock 
distribution. The warmer the bottom water during spring-summer fish surveys, the farther 
away the < 50cm pollock were found from their major spawning grounds, suggesting that 
warmer temperatures induce migration or range extension.  

Changes in the oceanographic setting have direct impacts on lower trophic levels. 
Indirect measurements of productivity at the base of the food web suggest that primary 
production may be changing as the phytoplankton community changes.  For example, 
coccolithophore blooms in the late 1990s began to appear in the mid to late summer, and 
zooplankton species are changing as well.  The cold-water species, Calanus marshallae, 
has been absent from the southeastern middle shelf domain in recent summers, and the 
total biomass of zooplankton appears to have decreased in recent years.  

For now, walleye pollock and Pacific cod populations remain high.  Flatfish, as an 
assemblage, are also at high levels, but individual species have changed their relative 
importance (e.g., Greenland turbot have decreased and arrowtooth flounder have 
increased in relative importance). Recruitment of sockeye salmon stocks has been strong 
with the exception of the Kvichak run, and some poor runs for chinook and chum have 
been observed on the Yukon and Kuskokwim rivers.  Crabs, in particular, are at low 
levels relative to their peak in biomass in the late 1980s / early 1990s.  Snow crab, the 
dominant species, has been decreasing, and there is evidence that populations may be 
retreating to the north with the cold bottom water. 
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Seabird populations are also showing signs of change.  For example, populations of 
the thick-billed murres and red-legged kittiwakes, the two most abundant piscivorous 
seabirds on St. George Island, declined after the late 1970’s regime shift and then 
increased after the late 1980s regime shift. Many of these observed changes are related to 
the physical regime that is characterized by ocean temperature. Measurements of 
temperature help further characterize present change and quantify future change. 

 
Objectives/Hypotheses 
 
One of the dominant commercial species found in the eastern Bering Sea is walleye 

pollock (Theragra chalcogramma). Its metabolic growth, predation pressure, and 
distribution are functions of the ocean temperature from the bottom to the sea-surface. 
Thermal stratification plays a role in the vertical distribution of walleye pollock. In 
laboratory studies, fish have been shown to penetrate a thermocline to feed in cold water 
(AFSC Quarterly Report, 1992), indicating that knowledge of the thermal stratification is 
essential information to models of distribution and recruitment of walleye pollock. Data 
suggests that walleye pollock spawn in late winter or early spring at the same locations 
year after year (Bailey et al., 1999). 

Bering Sea temperature is a function of several factors, including the annual cycle of 
sea ice. Processes related to ice formation and melting set the bottom temperatures of the 
cold pool, while the timing of ice formation and retreat helps drive the phytoplankton and 
zooplankton blooms. The “cold pool hypothesis” suggests that walleye pollock avoid 
these temperatures, preferring warm water (Wylie-Echeverria, 1995). As a result, in cold 
years a smaller portion of the Bering Sea shelf is available to pollock. Alternatively, 
during warm years pollock have been found in Bering Strait and the Chukchi Sea, 
suggesting that, under climate warming scenarios, the poleward retreat of the cold pool 
may permit expansion of pollock range. One purpose of this study is to acquire near real-
time measurements of the thermal regime and compare those measurements to 
distributions of pollock. 

Strong pollock year classes coincide with anomalously warm air and bottom 
temperatures and reduced ice cover (Quinn and Niebauer, 1995) that enhance egg 
development and juvenile survival rates. It is also known that juvenile walleye pollock 
school more tightly and swim faster at lower temperatures (RACE report, 2007), and that 
predation pressure on different size classes from cod in the southeast Bering Sea is also 
influenced by temperature. However, our understanding of the role of temperature, which 
has considerable variation both spatially and temporally in the Bering Sea, on marine 
food webs is incomplete to assess temperature’s role in long-term change under climate 
warming scenarios. Additional measurements of temperature will help place such 
changes in context. 

Relatively few studies have explored thoroughly how water temperatures affect catch. 
Using annual survey data from the eastern Bering Sea, Mountain and Murawaki (1992) 
showed that distribution of seasonally migrating species such as walleye pollock was 
related to the overwintering location of the fish, and/or a shift in the timing of the spring 
migration. Both overwintering and migration are affected by temperature. For example, 
recent surveys have shown both a northward and inshore shift in pollock stock during 
warmer years (Buckley et al., 2005). This relationship between bottom temperature and 
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abundance of walleye pollock near Japan was studied by Murakami (1993) who showed 
that the local current regime drove temperatures and hence stocks. 

Oh et al. (2002) found that SST and the pollock catch for the north Sea of Japan could 
be explained by a lagged relationship of up to four years between bottom temperatures 
and catch. They concluded that catch fluctuations were explained by SST in the spawning 
areas during the months of spawning with lags of two to three or three to five years. 
These studies show the strong link between temperature and stock dynamics. 

The main objective of this proposal is to test the relationship between Bering Sea 
bottom temperatures, vertical stratification from temperature profiles, and mixed layer 
depth as measured by Polar Profiling Floats (PPFs) and data on pollock fishing CPUE. 
The temperature data will be collected by two PPFs (www.whoi.edu/ppf/) released over 
fishing grounds in the Bering Sea. This is a feasibility study to test data acquisition of 
bottom and vertical profile temperatures by the PPFs in the shallow Bering Sea shelf, and 
to determine the usefulness of these temperature data to real-time fishing efforts, and 
provide high-resolution profile and bottom temperature data to fishers, fisheries managers 
and modelers. 
 

 
Figure 1.  Pollock catch per unit effort (CPUE) from the Alaskan trawl groundfish 

observer data. 
 
 
 
 
 
Methods/Analyses 
 

http://www.whoi.edu/ppf/
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To perform this feasibility study, we will deploy two, free-drifting, vertical profiling 
floats to measure the temperature on the outer shelf of the Bering Sea where pollock 
fishing is focused (Fig 1). The floats are also able to measure and record salinity (as 
conductivity), but at added cost. For this pilot study, we keep costs to a minimum by 
instrumenting the floats with temperature and pressure sensors only. This will allow, for 
the first time, continuous monitoring of temperature, and from the weekly float position 
data, estimates of integrated velocity over the Bering Sea shelf. All data will be made 
available to commercial fishers within hours after collection and initial error check. The 
transmitted data will be archived and displayed by the Alaska Ocean Observing System 
data group at the School of Fisheries and Ocean Sciences at the University of Alaska 
Fairbanks, directed by PI Mark Johnson. The goals of AOOS, to archive, display, and 
disseminate ocean data to improve marine safety, sustainability, and knowledge, are 
consistent with this project’s goals to understand the relationship between temperature 
and fishing. 

Polar Profiling Floats, free-drifting floats that measure the temperature of the water 
column, are now being built and tested at Woods Hole Oceanographic Institution based 
on the general design of the ARGO float. The PPFs are being programmed, after initial 
release, to acquire vertical profiles of ocean temperature from the surface to the bottom. 
On the bottom, they will remain stationary and acquire temperature data every hour for 
one week. This phase in the float cycle thus mimics a fixed bottom-anchored mooring. 
After one week the floats will change their buoyancy and rise to the surface while taking 
continuous temperature measurements. At the surface, the floats obtain a GPS reading to 
document their current position and all stored temperature data are transmitted by Iridium 
phone to the PIs. After data transmission the floats sink to repeat the one-week cycle.  

 
We have contacted several fishermen out of Dutch Harbor with an interest in these 

data and continue to develop a dialog with them to ensure proper data delivery via the 
AOOS data management group. 

 
Since the funding award, Dr. Peter Winsor successfully applied for and accepted a 

faculty position at UAF. He has moved from WHOI and the bureaucratic overhead to 
make this transition has also been completed, including bringing Dr. Winsor’s salary to 
UAF but leaving the PPF subcontract in place. 

 
A challenge with using profiling floats in ice-covered regions, such as Bering Sea in 

winter, is the need for the floats to surface through a lead or other open water to transmit 
data. For this study, we will use the protocol developed by Winsor and Owens (see 
http://www.whoi.edu/ppf/). In this case, floats are programmed so that when they surface 
in open water within the sea ice, data are transmitted to shore via Iridium satellite 
communication. In ice covered seas, a PPF will attempt communication, and if unable to 
do so because of ice, descend for another weekly cycle.  

With the proposed sampling scheme, we anticipate that the floats, if successful, will 
provide ~ 2 years of near-bottom and vertical profile temperature data over all seasons. 
Two PPFs are requested for this feasibility study. Both will be released by fishing vessels 
in the area per prior agreement. 

http://www.whoi.edu/ppf/
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Data will be transmitted to the PIs on a weekly basis and processed for web display 
and distribution to Bering Sea fishers. Subsets of the data may be transmitted via weather 
fax or other means to fishing vessels in the Bering Sea. Data archival, display, and 
transmission will be done at the University of Alaska’s School of Fisheries and Ocean 
Sciences as part of the Alaska Ocean Observing Program which funds the Data 
Management and Modeling and Analysis group in Fairbanks. This group is well versed in 
data archiving and display and will make the temperature data available to commercial 
fishers in formats most useful to them. AOOS is experienced in custom data delivery 
from several previous, successful, efforts around Alaska. For example, AOOS provided 
daily sea ice concentration maps during the annual USGS walrus surveys as custom-
prepared, digitally compressed data sets telemetered to two ships to improve navigation 
in ice covered seas and help in locating potential sites for the survey (Tony Fishbach, 
Wildlife Biologist, Alaska Science Center. See 
http://alaska.usgs.gov/science/biology/walrus/2006animation.html). 

 
A successful pilot study will be followed by proposals to expand the temperature data 

collection and dissemination program. 
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Timeline 
 
March 1, 2008: Project start date 
April 15, 2008: Two PPFs shipped to Dutch Harbour, Alaska 
May 1, 2008: Johnson meets with reps of Trident and American Seafoods and/or other 
fishers for deployment. 
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May - October: data are acquired and archived and displayed on AOOS site. Data are 
delivered to fishermen. 
January 2009: Final data set available for public distribution. 
February 2009: Data set compared with Pollock fishing CPUE for 2008. 
April 2009: Final report draft available for review. 
 

 


