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RESEARCH PLAN1

A. Project Title2
Walrus Distributional and Foraging Response to Changing Ice and Benthic Conditions in the3
Chukchi Sea4

5
Walrus Foraging Response to a Changing Chukchi Sea6

7
B. Proposal Summary8
Walruses make foraging trips from sea ice and land to feed on benthic organisms. During ice-free9
conditions in the Chukchi Sea, their access to offshore foraging areas is reduced and they become more10
dependent on nearshore resources. We propose to compare the foraging range and effort of walruses11
using land haul-outs as a consequence of shelf-free ice conditions to walruses using ice haul-outs in the12
Chukchi Sea. We predict that foraging effort will be greater, and foraging range will be less, when13
walruses use land haul-outs than when they are able to use ice haul-outs. The foraging costs due to14
increased travel time to food patches from land may be significantly higher than the costs from sea ice15
haul-outs and result in reduced energy stores before wintering in the Bering Sea. We will also compare16
nearshore to offshore infaunal and epifaunal walrus prey communities and changes in these communities17
that may have occurred from retrospective analysis of archived benthic data. We predict that changing18
ice conditions over the past decade has resulted in a redistribution of productive areas and community19
structure. In addition, we predict that the community structure of prey that is accessible to walruses from20
land haul-outs will be different than that in offshore areas where they can be accessed by walruses using21
sea ice haul-outs. This project will provide insights into environmental mechanisms responsible for22
changing distributions and foraging behaviors in walruses from climate change that can ultimately impact23
benthic communities and walrus vital rates.24

25
C. Project Responsiveness to NPRB Research Priorities or Identified Project Needs26
This proposal responds to NPRB’s 2008 RFP under section 1.d.III. Pacific Walrus in the Chukchi Sea,27
seeking “research to investigate the effects of changing environmental conditions, particularly sea ice and28
benthic habitats, and/or the effects of coastal and offshore human activities and disturbance on the29
distribution and population dynamics of Pacific walrus in the Chukchi Sea”. Our project will provide30
information on the foraging range and behavior of walruses using land haul-outs along the Alaska coast in31
the Chukchi Sea in fall. In 2007, thousands of walruses hauled out along the Alaska coastline because of32
the lack of sea ice over the continental shelf. This atypical haul-out behavior could result in more33
restricted access to foraging areas and benthic prey species, poorer body condition from altered foraging34
behaviors adversely affecting vital rates, and increased predation risk and disturbances from human35
contact. Similar behaviors have been observed by Russian colleagues in northern Chukotka with36
dramatic impacts to walruses in fall of 2007. Our proposal will demonstrate how reduced sea ice37
conditions impacts walrus distribution and foraging behaviors in context to a changing benthic38
environment.39

40
D. Soundness of Project Design and Conceptual Approach41
Background42
The Pacific walrus (Odobenus rosmarus divergens) is a large predator of the Arctic benthos. Females and43
males weigh about 850 and 1250 kg, respectively, and during much of the year, consume 3-5% of their44
total body mass per day (~34-50 kg/d). During pregnancy and lactation, females increase their average45
energy intake by 40-50% above these levels. Calves are born in spring (twins are rare), are provided high46
parental care, and suckle for 1-2 years (Fay 1985).47

48
Walrus prey represent over 60 genera and 10 phyla, ranging from sipunculids to seals and seabirds (Fay49
1982, Sheffield et al. 2001); however, walruses are predominately benthic foragers and feed mostly on50
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mollusks (Fay 1985). SCUBA observations in shallow waters indicate that walruses are capable of51
feeding at a rate of 6-8 clams per minute and can take over 53 clams in a single dive (Oliver et al. 1983,52
Born et al. 2003). Although walruses are capable of deep diving (> 250 m, Born et al. 2005), they usually53
feed in waters < 80 m deep over the continental shelf where their prey are in highest density (Fay and54
Burns 1988).55

56
After the breeding period in winter, most adult female and young walruses migrate in spring with the57
receding ice into the Chukchi Sea, while most adult males remain in the Bering Sea and move to land58
haul-outs along the coast of Russia and Bristol Bay, Alaska. Because female and young walruses reside59
in the Chukchi Sea for roughly six months of the year (Fay 1982), benthic production and the60
spatiotemporal distribution of walrus prey in the Chukchi Sea are very important.61

62
Relevant benthic studies in the Chukchi Sea include an infaunal survey of the Chukchi and Bering Seas63
by Stoker (1981), surveys associated with the Outer Continental Shelf Environmental Assessment64
Program (Hood and Calder 1981a, b), studies within the NSF Shelf-Basin Interactions project (Grebmeier65
and Harvey 2005), and studies in the southern and northern Chukchi Sea (Grebmeier et al. 1988,66
Grebmeier et al. 1989, Grebmeier 1992, Grebmeier et al. 2006a, Grebmeier and Barry 2007). Feder et al.67
(1994a, 1994b) describes infaunal and epifaunal mollusk communities as well as general benthic68
populations in the northeastern Chukchi Sea based on samples collected in 1986 and 1990. Grebmeier et69
al. (2006a) reviewed ecosystem dynamics in the northern Bering and Chukchi Seas and down slope to the70
Arctic Basin and incorporated data from pertinent benthic research cruises from 1974-2004. Foraging71
areas of walruses in the Chukchi Sea are poorly defined. Side-scan sonar products from 1970-80’s have72
been used to delineate some large-scale feeding areas in northeastern Chukchi Sea from the detection of73
walrus foraging furrows (Nelson et al. 1994).74

75
Only a few observational data sets exist that robustly describe walrus distributions in the Chukchi Sea,76
and include four U.S./Russian Joint Surveys, which were conducted every 5-years beginning September77
1975 (Gilbert 1999). The migration of walruses through the Chukchi Sea is known generally from a78
compilation of published and unpublished historical accounts of walrus sightings from land, ship, and79
aircraft (Fay 1982, Fay et al. 1984). A large number of walruses migrate northward along coastal leads80
between Point Hope and Point Barrow, Alaska, in summer, and typically occupy an area from about 170º81
W to Point Barrow in the eastern Chukchi Sea (Fay et al. 1984). Years of intermediate ice are perhaps82
optimal ice conditions for walruses, because the unconsolidated ice is widely distributed and allows83
walruses to access many feeding areas (Fedoseev 1990). In fall, walruses are generally distributed within84
a band of open ice within about 150 km of the southern ice edge (Gilbert 1999). Little is known of their85
southward migration routes in late autumn.86

87
Introduction and Proposed Work88
The Chukchi Sea is an area of particular interest relative to walrus population dynamics and management.89
The potential impact of climate warming on the walrus population is of immediate concern. From 195390
to 2006, Arctic summer sea ice extent has decreased sharply, and the decline may be occurring faster than91
forecasted (Stroeve et al. 2007). The continental shelf in the Chukchi Sea was effectively ice-free in 5 of92
the last 6 years (2002-2007), but only once in the previous 23 years (1979-2001) (unpubl., passive93
microwave satellite imagery, NSIDC data). Because walruses use sea ice to rest, molt, and give birth, and94
sea ice provides walruses access to offshore foraging areas and refuge from predation and disturbance95
(Fay 1982), reduced sea ice conditions could have large impacts on the walrus population, although96
causal mechanisms that are not fully understood. During fall 2007, Russian colleagues observed tens of97
thousands of female and young walruses on land haul-outs on the northern coast of Chukotka with reports98
of thousands of mortalities from stampeding adults during disturbances at the haul-outs and malnourished99
individuals.100

101
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Regulatory agencies are also interested in knowing more about walrus distributions in the Chukchi Sea in102
order to mitigate impacts to walruses from resource development. In August 2006, Minerals Management103
Service (MMS) released a proposed oil and gas leasing program for 2007-2012 (U.S. Minerals104
Management Service 2006). The program includes consideration of whole or partial blocks in the105
Chukchi Sea Planning Area, covering about 34 million acres. The migration routes and foraging areas of106
walruses in the Chukchi Sea are of keen interest to the oil and gas industry and government regulators for107
mitigating potential impacts to walruses from offshore exploration and development. The MMS 2008108
Annual Study Plan identifies the need for information on migration routes and foraging areas because109
movement and habitat utilization by walruses might be affected by oil and gas exploration (U.S. Minerals110
Management Service 2007). Ship-based geophysical seismic surveys were initiated by industry in 2006111
and are projected to continue for the next several years. U.S. Fish and Wildlife Service is responsible for112
management and conservation of the Pacific walrus, and similar to MMS, needs information on the113
movement and foraging areas of walruses in the eastern Chukchi Sea for impact assessments and to114
develop mitigation regulations under the authority and guidance of the Marine Mammal Protection Act.115
Policy decisions will likely consider potential impacts to essential walrus habitat, such as important116
foraging areas, and actions that may alter significant walrus behaviors, such as foraging.117

118
Sea ice and benthic habitats119
Recent reductions in sea ice in the Arctic have the potential to cause broad ecosystem change that may120
shift the benthic-oriented system to one more dominated by pelagic processes. The vulnerability of the121
ecosystem to environmental change is thought to be high, particularly as sea ice extent declines and122
seawater warms (Grebmeier et al. 2006b). The duration and extent of seasonal sea ice, seawater123
temperature, and water mass structure are critical controls on water column production, organic carbon124
cycling, and pelagic–benthic coupling. Because the productive areas in the Chukchi Sea are associated125
with short food chains and shallow depths, changes in lower trophic levels can rapidly impact higher126
trophic organisms such as walruses (Grebmeier et al. 2006a).127

128
Benthic infaunal biomass reflects interannual carbon deposition to the seafloor on the shallow Chukchi129
Sea continental shelf (Stoker 1981, Grebmeier et al. 1988, Grebmeier et al. 1989, Grebmeier and Barry130
1991, Grebmeier 1992, Feder et al. 1994a, Feder et al. 1994b, Grebmeier et al. 2006a and references131
therein, Grebmeier and Barry 2007). The persistent location of walruses in the summer off the NW coast132
of Alaska are suggestive of high food resources in sediments of this region. The NE outer continental133
shelf of the Chukchi Sea and head of Barrow Canyon are at the interface of the Chukchi and Beaufort134
Seas outer shelf and slope regions and are clearly a key conduit for transformed Pacific water and135
associated organisms that transit to the deep Arctic Basin (Grebmeier and Harvey 2005). It is likely that136
large-scale changes on the shelf, forced by environmental change to Pacific inflow and ice dynamics, will137
cascade to higher trophic organisms in this region. In addition to food supply and community138
composition, sediment grain size reflects local current speed. Sediment grain size is the major factor in139
structuring benthic faunal community composition; by comparison, organic carbon drives biomass itself140
(Grebmeier et al. 1995, Grebmeier et al. 2006a and references therein).141

142
Bivalves, polychaetes, and sipunculids dominate the general infaunal community of the northern Chukchi143
Sea, where average infaunal benthic biomass is 5-15 g C m-2 (200-400 g wet wt m-2; Fig. 1, left and right144
panels; figure modified from Grebmeier et al. 2006a; Sheffield and Grebmeier, in revision). This benthic145
community changes to a low biomass, foraminifera-based structure on the upper slope (200-1000 m146
depth), with benthic biomass <5 g C m-2 (<200 g wet wt m-2), that extends down into the Canadian Basin147
(Fig. 1, left and right panels; figure modified from Grebmeier et al. 2006a; Sheffield and Grebmeier, in148
revision). Notably, the NE Chukchi Sea upstream and including the upper Barrow Canyon is a “hotspot”149
for the entire Chukchi Sea, with a rich community of suspension feeding infauna and epifauna (e.g.,150
bivalves, barnacles, basket stars, and tunicates) attached to rocks and cobble and mixed sediments, and151
suggesting the presence of strong currents (MacGinitie 1955, Feder et al. 1994a, Feder et al. 1994b,152
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Grebmeier et al. 2006a). In areas with interspersed silt, clay, and gravel, the suspension-feeding mussel153
Musculus discors is abundant, with station biomass values up to ~150 g C m-2 (~4000 g wet wt m-2; Fig.154
1, right panel). This benthic biomass maximum at the head of Barrow Canyon coincides with extremely155
high sediment oxygen uptake, an indicator of carbon supply to the benthos (Moran et al. 2005, Grebmeier156
et al. 2006a, Lepore et al. 2007).157

158
As is the case with infauna, the epifauna of the Chukchi Sea is also influenced by the overlying water159
mass properties. Infauna are prey for many epifaunal species, and the numerous epifaunal scavenger-160
predators present reflect an abundant infaunal food resource (Feder et al. 1994a, Feder et al. 1994b,161
Grebmeier et al. 2006a and references therein). Epifaunal biomass is clearly high in this region, based162
both upon past studies (e.g. MacGinitie 1955, Feder et al. 1994a, Feder et al. 1994b) as well as new video163
footage we acquired while participating in an International Polar Year (IPY) cruise aboard the Canadian164
Coast Guard Service (CCGS) Sir Wilfrid Laurier in July 2007 as part of the Canada’s Three Oceans165
(C3O) project.166

167
Sea ice and walruses168
Not only is the distribution of walruses in the Chukchi Sea influenced by the distribution and density of169
prey patches, but they are also affected by the quality and proximity of sea ice because they use sea ice as170
a platform on which to rest between foraging trips. As a consequence, access to offshore foraging areas171
by walruses is likely to decrease with decreasing availability of sea ice. As the Chukchi Sea shelf172
becomes ice free during extreme ice minimum conditions, walruses can either follow the ice over deep173
water, which would leave them with virtually no access to prey until new ice is formed over the shelf in174
late fall-winter, or they can move to land haul-outs. During the 1990 joint Russia-U.S. survey, atypically175
large concentrations of walruses and polar bears aggregated at Wrangel Island due to extreme ice176
minimum conditions. The polar bears gradually occupied the haul-outs and often deterred walruses from177
hauling out (Gilbert et al. 1992). Extreme ice minimum conditions over the past several years may have178
caused tens of thousands of walruses, including adult females with calves, to haul out on land along179
northern Chukotka (Ovsyanikov 2003, Kochnev 2004). Observers at some of these haul-outs recorded180
the death of many calves that suffered trauma from stampeding adults when the herd was disturbed by181

Fig. 1. Distribution of dominant benthic infauna (by biomass, left panel) and associated station benthic
biomass (right panel) in the proposed study area using Inverse Distance Weighting Prediction modeling
(ESRI GIS software). Note that the different symbols in the benthic biomass map are based on different
data sets, with lead authors identified in the paper. Maps modified from Grebmeier et al. (2006a).
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hunters or polar bears. In addition, extreme ice minimum conditions in 2004 were associated with182
observations of calf abandonments in areas far offshore in the northeastern Chukchi Sea (Cooper et al.183
2006).184

185
Fay (1982) suggests that the foremost advantage to walruses using sea ice haul-outs (in contrast to land) is186
the constant movement of sea ice over new sources of food and the refuge it provides from predation and187
disturbance. Hauling out on land could result in decreased access to foraging areas and increased188
foraging effort. The foraging costs due to increased travel time to food patches from land may be189
significantly higher than the costs from sea ice haul-outs (Orians and Pearson 1977). These in turn could190
affect the individual fitness of walruses, including lactating and pregnant females, before they migrate to191
their wintering areas in the Bering Sea, with the resultant outcome of decreased survival of young and192
lower reproductive rates in adult females. Our current understanding of free-ranging walrus dive193
behavior is largely limited to male walruses using land haul-outs (Born and Knutsen 1992, Wiig et al.194
1993, Born and Knutsen 1997, Gjertz et al. 2001, Jay et al. 2001). Little is known of the haul-out195
behavior of adult females using ice or land haul-outs.196

197
We propose to compare the foraging range and effort of walruses using land haul-outs as a consequence198
of shelf-free ice conditions to walruses using ice haul-outs in the Chukchi Sea in the summer and fall of199
2008. We predict that foraging effort will be greater, and foraging range will be reduced, when walruses200
use land haul-outs compared to their use of offshore ice haul-outs. The foraging costs due to increased201
travel time to food patches from land may be significantly higher than the costs from sea ice haul-outs and202
result in reduced energy stores before wintering in the Bering Sea.203

204
We will also compare nearshore and offshore infaunal and epifaunal walrus prey communities and205
changes in these communities that may have occurred from retrospective analysis of archived benthic206
data. We predict that changing ice conditions over the past decade has resulted in a redistribution of207
productive areas and altered community structure. We predict that the community structure of benthic208
prey that is accessible to walruses from land haul-outs will be different than that in offshore areas where209
they can be accessed by walruses using ice haul-outs. Satellite radio-tagging of adult female walruses in210
fall of 2007 in northern Chukotka by Russian colleagues, in a collaborative study with USGS and FWS,211
revealed that walruses from land haul-outs foraged at distances less than 65 km from the coastline. The212
community structure of infauna in the late 1980’s differed at a boundary corresponding to about this same213
distance from shore, with more productive communities found offshore (Feder et al. 1994a). In contrast,214
adult males in Bristol Bay, Alaska, traveled up to 125 km from land haul-outs to foraging areas (Jay and215
Hills 2005).216

217
This project will provide data that will compliment movement and behavior data collected earlier in the218
summer season from other funding sources and allow for a comparison of foraging behaviors between219
walruses using different haul-out platforms. It will also provide base maps of benthic production and220
community structure in the Chukchi Sea. It will provide insights into environmental mechanisms221
responsible for changing distributions and foraging behaviors in walruses from climate change that can222
ultimately impact their condition and demographic rates. This information is necessary to MMS and223
FWS for oil and gas lease sales, MMPA authorizations, NEPA analyses, and as documentation in the224
approval of exploration and development plans. It will also help the oil and gas industry meet regulatory225
requirements while pursuing oil and gas development and Alaska Native organizations in considering the226
potential impacts of oil and gas industrial activities on subsistence hunting.227

228
Relation to other work229
This proposal seeks funding to extend the scope of work that was initiated by the principal investigator230
(USGS) in 2007. In summer of 2007, USGS attached satellite radio-tags to nine walruses in the eastern231
Chukchi Sea while the ice edge was still over the shelf in June-July to examine where walruses go when232
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the ice edge retreats off the shelf and over deep waters of the Arctic Basin. As the main ice edge retreated233
over deep water, the tagged walruses remained over the eastern Chukchi Sea shelf, using remnant ice234
floes to haul out. This behavior suggests that walruses will exploit very sparse ice (too sparse to be235
detected by passive microwave imagery) to maintain access to preferred foraging areas. However, in236
addition to this, for the first time recorded in Alaska, thousands of walruses were reported using land237
haul-outs in September along the northwestern coast of Alaska, presumably after the remnant floes238
melted. Hauling out on land could result in restricted access to foraging areas, increased calf mortality,239
and increased disturbances from human contact.240

241
Relative to the 2007 tagging by USGS in northeastern Chukchi Sea, Russian colleagues, in collaboration242
with USGS and FWS, deployed similar radio-tags on female walruses in northern Chukotka in fall 2007243
to obtain initial movement data from female walruses using land haul-outs in that region. Additional244
observations at those haul-outs by Russian observers suggest high levels of calf mortalities due to245
trampling, abandonment, and starvation.246

247
In 2007, FWS coordinated with Shell Inc. to obtain data from coastal aircraft surveys on the number of248
walruses hauled out along the Alaska coast north of Cape Lisburne on a weekly to bi-weekly basis. In249
2008, FWS will again coordinate with industry to obtain similar walrus count data, but will strive to250
obtain more detailed information on the sex and age structure of the walrus herds on shore. Those data251
will add context to the findings we derive from telemetry data from walruses hauled out on land.252

253
In 2008, Grebmeier will participate in two oceanographic research cruises in the Chukchi Sea: 1)254
continuation of time series benthic work as part of the Canadian IPY project C30 (Canada’s Three255
Oceans) as in 2007, with July sampling both in the southern and northern Chukchi Sea, and 2)256
participation in a joint Russian-US RUSALCA (Russian American Long-term Census of the Arctic)257
oceanographic cruise in the western and eastern Chukchi Sea in August-September. Standard258
hydrographic measurements, along with infaunal and epifaunal sampling, are included in this NOAA-259
Russian Academy of Sciences collaborative program.260

261
Methods262
Walrus foraging areas and behavior relative to sea ice and land haul-outs263
USGS has recently modified a remotely deployed satellite radio-tag that allows identification of walrus264
foraging areas and behaviors. Collecting these kinds of foraging data requires satellite telemetry because265
walruses range widely and recapturing individuals to recover data-logging tags is generally impractical.266
USGS previously developed a satellite-linked radio-tag that is deployed by crossbow to circumvent267
difficulties associated with animal capture, and have successfully deployed many of these tags to obtain268
information about walrus haul-out behavior (Jay et al. 2006). Recently, USGS incorporated a pressure269
transducer to the tag design to allow determination of foraging status on an hourly basis. Foraging270
activity is classified, by an on-board algorithm, based on the frequency of depth readings (once every271
second) greater than a threshold depth. The frequency and depth thresholds were established from free-272
ranging dive profile data from a previously published study (Jay et al. 2001). The algorithm correctly273
classified foraging status with < 3% error rate (n = 4 walruses and 2084 hours). USGS successfully274
deployed a prototype of the tag on a walrus in Bristol Bay in September 2007 and it yielded a continuous275
chronology of foraging status that clearly identified foraging habitat and behaviors consistent with those276
described in previous studies. Because the tag provides a continuous chronology of location and foraging277
behavior, distances from the haul-out can be determined (e.g. Fig. 2), and foraging effort (h/day) can be278
calculated for each foraging trip.279
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We will collect data on the foraging280
behavior of adult females using sea ice281
and land haul-outs by tagging 30-45282
walruses from 15 May through about 7283
August in sea ice in the Chukchi Sea, and284
tagging 30 walruses in the first week of285
September on land haul-outs on the286
Alaska coast as outlined in Table 1. The287
tagging dates are staggered temporally by288
6 weeks because that is the average289
functional longevity of the tags. Tagging290
is staggered spatially from south to north291
synchronous to the northward migration292
of walruses. Tagging from land haul-outs293
will be conducted in collaboration with294
local Native communities and we will295
provide a flow of information back to the296
villages and the Eskimo Walrus297
Commission following tag deployments.298
All tagging will be conducted in299
accordance with a Research Permit issued300
to USGS (Fish and Wildlife Permit301
#MA801652-4).302

303
Walrus location and dive data will be304
downloaded from the Argos Data305
Collection System. The foraging status of tagged walruses and their locations will be entered into a GIS306
data base. Foraging areas and areas of use will be identified using a kernal estimator using independent307
relocations only. Maximum foraging distance from the last used haul-out will be compared between308
walruses using sea ice and land haul-outs. These distances will be used to buffer the coastline with a309
maximal foraging distance exhibited by the tagged walruses and thereby identifying nearshore benthic310
resources that are accessible to walruses using land haul-outs. Foraging and haul-out status data will be311
used to test for differences in dive behavior between walruses using sea ice and land haul-outs. Variables312
used in the comparison will include dive parameters such as trip duration, haul-out duration, and313
proportion of time spent foraging.314

315

Fig. 2. A newly modified remotely deployed satellite radio-tag
that identified the foraging locations (red) of an adult male walrus
during a foraging trip from a land haul-out at Cape Seniavin in
Bristol Bay, Alaska, in fall 2007.
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Table 1. Dates, logistics, and source of support for walrus tagging in 2008. This proposal seeks funding316
from NPRB for tags to conduct tagging in the fall on land haul-outs (bold).317

318
Tagging Date Logistics/Location # of

Tags
Source of Support

Tagging
summer-fall in
sea ice

15-May-08 42’ boat from Nome to
tag at southern boundary
of Chukchi Lease Sale
area

15 Boat and tags from USGS

26-Jun-08 Nearshore tagging from
small boats with help
from North Slope
Borough

15 Field costs and tags from USGS

7-Aug-08 125’ ship to tag offshore
in northeastern Chukchi

15 Ship funds donated to National
Fish and Wildlife Foundation
from Shell Inc. and
ConocoPhillips; will seek
additional funds for the 15 tags
from another source

18-Sep-08 Last of data collection
Tagging fall
on shore after
sea ice retreats
off shelf

1-Sep-08 2 land haul-outs along
Alaska coast; potential
sites include Cape
Lisburne, Icy Cape, and
Peard Bay

30 Seeking 15 tags from NPRB in
this proposal; will seek
additional funds for the
remaining 15 tags from another
source

13-Oct-08 Last of data collection
319

Sea ice and benthic habitats320
The benthic component will undertake a benthic ecological analysis of the shallow continental shelf321
regions of the NE Chukchi in the area of nearshore and offshore walrus foraging through retrospective322
analysis of benthic infaunal and epibenthic data from previous studies. These data will be analyzed in323
coordination with walrus feeding studies in order to relate prey fields to walrus foraging ranges.324
Coincident collections made of hydrographic and sediment data will be evaluated in the context of325
benthic community structure and standing stock to evaluate forcing functions for faunal community326
structure and to determine select factors to be studied in future field campaigns to monitor the ecosystem.327

328
For our retrospective analysis, we will use infaunal samples collected using a standard 0.1 m2 van Veen329
grab in the NE Chukchi during past studies (Feder et al. 1994b, Grebmeier et al. 2006a), including data330
sets collected during SBI in 2002-2004, cruises on the CCGS Sir Wilfrid Laurier in 2005 and 2007, and331
data sets collected during the 1990’s US-Russian BERPAC (Bering-Pacific) program, the 2004332
RUSALCA cruise, and the upcoming 2008 RUSALCA cruise. We are also currently interacting with Dr.333
Boris Sirenko, a RUSALCA collaborator from the Zoological Institute in St. Petersburg, Russia, to334
identify select data sets in the Russian archive that could be utilized in our retrospective study. SBI data335
sets are available from the Earth Observing Laboratory (EOL) archive336
(http://www.eol.ucar.edu/projects/sbi/), as are some benthic data from 2005 and eventually 2007 as part337
of the C30 program. As part of our synthesis effort for the Progress in Oceanography paper with Howard338
Feder and Boris Sirenko (Grebmeier et al. 2006a), PI Grebmeier has access to benthic taxonomic data that339
can be used in this retrospective analysis.340

341
We will utilize similarity cluster analyses, multi-dimensional scaling, and environmental parameter342
analyses with multivariate ecological analysis software (PRIMER v6, Plymouth Routines in Ecological343
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Research, Plymouth, UK; http://www.primer-e.com) using methodologies similar to Cusson et al. (2007).344
This statistical package facilitates the determination of grouping patterns of association among infaunal345
animals, bottom types, and environmental factors. Shannon-Weaver indices of diversity (H’) and eveness346
(J) will be determined for stations and station cluster groups of the four-five grabs collected for benthic347
population studies. In addition, a non-metric multi-dimensional scaling analysis of station faunal348
composition similarity (Bray-Curtis) will be undertaken, along with multiple regression analysis. We will349
also input data into a GIS database for Geospatial GIS analyses using Inverse Distance Weighting350
Prediction modeling (ESRI GIS software) to map different data benthic and environmental sets with the351
coincident walrus foraging location data obtained through the walrus tagging portion of this proposal.352

353
E. Timeline and Milestones354
Project Duration: 2 years, June 1, 2008 – May 31, 2010355

356

2008 Completion
Date Outcome

Order radio-tags June

Deploy radio-tags on walruses September
Provide near real-time tracking data to
public via USGS website after
deployments

Compile walrus tracking and behavior data and
pertinent benthic data into GIS database

December

2009
Graphically summarize walrus benthic faunal
data; Presentation at annual NPRB symposium

January Progress report to NPRB

Draft analysis of walrus and benthic data June

Final analysis December
Present results to Eskimo Walrus
Commission, FWS, and MMS

2010
Presentation at annual NPRB symposium
and/or AGU/ASLO Oceans meeting

Jan. or Feb.

Draft report February
Final report May
Prepare manuscripts for journal submissions

357
F. Project Management358
This project will be led by Dr. Chadwick Jay (USGS, PI) and Dr. Jacqueline Grebmeier (U. of Maryland,359
PI) under separate contracts for each investigator.360
• Dr. Jay has been involved in walrus research since 1995 and is leader of walrus research for USGS. He361

has considerable experience in developing novel radio-tag designs and walrus telemetry projects on362
land and sea ice in the U.S. and Russia. He will be responsible for the overall work and coordination363
with UM, supervise all walrus field operations, maintain wildlife permits, participate in data analyses,364
and report and manuscript writing. He will coordinate this project with existing Chukchi Sea tagging365
projects under USGS Base funds and funds originating from industry.366

• Dr. Grebmeier has been involved in benthic and ecosystem studies in the northern Bering and Chukchi367
Seas and Arctic Ocean since the early 1980s. Her specialty is pelagic-benthic coupling, benthic carbon368
cycling, and benthic population dynamics in polar regions, focusing most of her career in studies of369
Bering/Chukchi continental shelf ecosystems. She will be responsible for undertaking the benthic370
retrospective data collections and analyses in the context of walrus-prey studies. She will supervise all371
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benthic data statistical and GIS graphic data analyses, and report and manuscript writing.372
• Ms. Vera Metcalf is Director of the Eskimo Walrus Commission. She will collaborate on the project to373

help involve coastal communities in walrus tagging and communicate results to EWC and Native374
villages.375

376
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member for M.S.: Matt Bowles (1998) and Naomi Parker (1996), for PhD: Becky Brown (1998);
International outside PhD examiner: Steffan Kaltin (Sweden, 2003), Christian Wexels-Riser
(Norway, 2007)

(g) Recent Oceanographic Cruises (Plus Over 30 Others, Many As Chief Scientist)
July 1998-2007 CCGC Sir Wilfrid Laurier Bering and Chukchi Seas
May-June 2006, 2007 USCGC Healy Northern Bering Sea
July-August 2002, 2004 USCGC Healy Bering/Chukchi/Beaufort Seas, Arctic Ocean
May-June 2002, 2004 USCGC Healy Bering/Chukchi/Beaufort Seas, Arctic Ocean
March-April 2001 USCGC Polar Star Bering Sea

(h) Selected Recent Presentations at Conferences/Invited Workshops
Invited Speaker: IPY PolarPalooza Public Event and Lecturer, November 2007, Baton Rouge, LA
Invited Speaker: 2nd Bush China-US Roundtable, IPY session, October 2007, Washington, DC
Invited Participant: AMAP/CliC/IASC Workshop on Arctic Carbon Cycle, Feb. 2007, Seattle, WA
Invited Speaker: Arctic Frontiers Symposium “Food web dynamics and biogeochemical fluxes in

the Arctic Ocean”, Jan. 2007, Tromso, Norway
Invited Speaker: International Conference on Arctic Research Planning II (ICARP II)

Implementation Planning Workshop, Potsdam, Germany, Nov., 2006
Invited Speaker Minerals Management Service Workshop on Chukchi Offshore Monitoring in

Drilling Area (COMIDA), Anchorage, Alaska, Nov. 2006
Invited Speaker: National Academies “Changing Ice Conditions in the Arctic-Implications and

Opportunities” workshop, Oct. 2006
Invited Speaker: Pacific Arctic Group (PAG) of the International Arctic Science Committee (IASC),

Shanghai, China, Sept. 2006
Invited Speaker, Oceans Meeting Special Session, Honolulu, Hawaii, Feb. 2006
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