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EXECUTIVE SUMMARY 

In March 2000, the U.S. Fish and Wildlife Service and U.S. Geological Survey hosted a workshop 
to evaluate various techniques and approaches to estimate the size and trend of the Pacific walrus 
population. Workshop participants included American and Russian experts in walrus biology and 
survey design, subsistence hunters, and resource managers. Workshop participants reviewed 
previous efforts to survey the Pacific walrus population and identified problems that were 
encountered in designing and conducting those surveys. The group also summarized survey 
conditions by season and evaluated potential tools and techniques for surveying walrus populations. 

Workshop participants identified and discussed several approaches to evaluate and monitor the 
status and trend ofthe Pacific walrus population. Three different survey objectives were considered: 
1) Population counts that would serve as minimum population estimates (Nmin) for meeting stock 
assessment requirements, 2) Index counts which could be used to track population trends, and 3) 
Estimates of total population size with a measure of precision. There was general agreement that 
estimates of total population size would be more useful for stock management than would estimates 
ofNmin or index counts. 

The workshop also considered three alternatives to conducting population surveys to evaluate 
population status and trends: 1) Monitoring trends in walrus life history variables, 2) Monitoring 
trends in the age-sex composition of the population, and 3) Monitoring trends in harvest statistics. 
There was a general consensus that while these techniques would provide valuable qualitative 
measures of population health, they would not provide quantitative information on the status and 
trend of the Pacific walrus popUlation. 

It is expected that the amount of survey effort required to achieve a popUlation estimate with an 
acceptably small variance will be large, and therefore expensive. The overall cost of surveying the 
Pacific walrus popUlation could likely be reduced through the development of new survey 
techniques and by focusing survey effort. Workshop participants recommended investing in 
research on walrus distribution and haulout patterns, and testing new survey techniques prior to 
conducting another survey. 

Future surveys need to address the precision of derived estimates. Estimates of walrus numbers at 
coastal haulouts should be derived from replicate counts spanning from one haulout peak to another. 
Replicate sampling could also help reduce variance associated with counts of walruses in pack ice. 
Replicate counts over ice habitat could potentially be accomplished from an icebreaker platform 
located in areas where concentrations of walruses occur. 

Survey effort can be maximized by flying more transects, increasing survey swath width to sample 
a wider area, or both. Remote sensing techniques may allow for survey aircraft to fly at higher 
altitudes, thereby sampling a wider survey swath. 

Stratification could help focus survey area and reduce the amount of survey effort required, but will 
require additional research on the relationship between walrus distribution and environmental 
variables. 



Estimating the fraction of walruses that are available to be counted during the survey period will 
require the development of correction factors. The most promising technique for investigating 
haulout periodicity is satell ite telemetry. Workshop participants reconunended that efforts should 
continue to improve immobilization techniques and transmitter design to accomplish long-tenn 
tracking and to investigate haulout behavior. Transmi tters are usuall y attached to the tusk, but 
efforts should be made to investigate alternative attadunent methods, including implanted 
transmitters. 

Improving the accuracy of counts of walruses in large groups should be a goal of future surveys. 
High resolution aerial photography is a useful technique for counts at terrestria l haulouts, but is not 
practical for sampling ice habitat. The application of remote sensing technologies should be 
explored. 

2 



INTRODUCTION 

The Pacific walrus (Odobenus rosmarus divergens) is represented by a single stock of animals 
which inhabits the continental shelf waters ofthe Bering and Chukchi seas. The population ranges 
across the international boundaries ofthe United States and Russia, and both nations share common 
interests with respect to the conservation and management of this species. Walruses are also a 
valuable resource to the coastal natives of Alaska and Chukotka. For thousands of years, walrus 
hunting has been an important source of food and raw materials for traditional equipment and 
handicrafts. Today, walrus hunting remains an important part of the culture and economy of many 
coastal villages. The need to develop international conservation efforts such as monitoring 
population status and trend and assessing human impacts are recognized priorities by wildlife 
managers and subsistence walrus hunters in both countries. 

The current size and trend of the Pacific walrus population are unknown. Over the past 150 years, 
the size of the Pacific walrus popUlation has fluctuated markedly in response to varying levels of 
human exploitation. While recent harvest levels are lower than historical highs, the lack of modern 
data on popUlation status and trend precludes a meaningful assessment ofthe impact of the harvest. 
Efforts to survey the Pacific walrus popUlation were suspended after 1990 due to unresolved 
problems with survey methods and budgetary constraints in the United States and Russia. Recent 
observations, including age-sex composition studies and reports from walrus hunters, suggest that 
the rate of recruitment of calves into the population has been low for the past several years. It is 
unknown whether the walrus population has been affected by ecosystem changes that have 
contributed to declines in other species of marine mammals and sea birds in the Bering Sea. 
Conservation organizations and the scientific community have identified the lack of information on 
popUlation status and trend as a continuing threat to the Pacific walrus popUlation. 

In March 2000, the U.S. Fish and Wildlife Service (USFWS) and U.S. Geological Survey (USGS) 
hosted a workshop concerning walrus survey methods (Appendix 1, Workshop agenda). Workshop 
participants included American and Russian experts in walrus biology and survey design, 
subsistence hunters, and resource managers. The goal of the workshop was to identify and evaluate 
various survey techniques and approaches to estimate the size and trend of the Pacific walrus 
popUlation. 

This document summarizes the proceedings of the Pacific walrus census workshop. The report is 
based on the oral and written contributions of workshop participants (Appendix II and Appendix 
III) . Supplemental information concerning previous efforts to survey the Pacific walrus population 
was obtained through literature review. Prior to the workshop, participants were provided with a 
primer on the potential application of remote sensing techniques to Pacific walrus surveys 
(Appendix N). Participants also received a package of information on the seasonal distribution of 
walruses on sea ice, the seasonal use of terrestrial haul outs in Alaska, subsistence walrus hunting 
patterns, seasonal variations in sea ice coverage and weather patterns, and the capabilities of 
potential survey aircraft (Appendix V). Additional information on walrus haulouts in Russia was 
presented at the workshop, and has been included with the data summaries in Appendix V. 
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The workshop proceedings have been organized into eight sections, each addressing one of the 
followi ng workshop objectives: 
• Review previous efforts to survey the Pacific walrus population and identify the difficulties 

associated with designing walrus surveys. 
• 

• 

• 
• 

• 
• 

Summarize survey condi tions (walrus distrib ution, weather, and ice conditions) by season. 
Evaluate various too ls and techniques for surveying walrus populat ions. 
Identify survey approaches to obtain a population count that would serve as a minimum 
population estimate for meeting stock assessment requirements. 
Identify survey approaches to index the size and trend of the Pacific walrus population. 
Identify survey approaches to estimate the total size of the Pacific walrus population with 
an acceptable level of precision. 
Identify a lternative ideas and approaches for assessing the status and trends. 
Identify research priori ties to deve lop walrus survey methods. 

SECTION I. BACKGROUND INFORMATION 

The size of the Pacific walrus population has never been known with certainty. Earl y efforts to 
survey the population were limited to abundance estimates in either U.S. or Russian waters. Surveys 
on the U.S. side generally occurred in the spring when an imals were accessible on the sea ice in U.S. 
waters. Surveys on the Russian side generall y occurred in the fall when counts of walruses utilizing 
terrestrial haulouts along the Russian coasts were maximal. Cooperat ive aerial surveys by the U.S. 
and Soviet Union (now Russia) were initiated in 1975 under the auspices of the Agreement on 
Cooperation in the Field oj Environmental Protection. The 1975 survey estimated the population 
size at 221 ,360 (Estes and Gilbert 1978, Estes and Gol'tsev 1984). A second joint census, conducted 
in 1980, estimated populat ion size at 246,360 (Fedoseev 1984, Johnson et ai. 1982). A third survey, 
conducted in 1985, produced a population estimate of234,020 (Fedoseev and Razlivalov 1986, 
Gilbert 1986, 1989). The most recent aerial survey, flown in 1990, produced an est imate of201 ,039 
(Gilbert et 01. 1992), however a considerable portion of the eastern Chukchi Sea usually inhabited 
by walrus in more typical ice years was not surveyed because sea ice was not present. The estimates 
generated from these surveys should be viewed as conservative population estimates that are not 
usefu l fo r detecting population trends (Gi lbert et al. 1992, Hills and Gilbert 1994). Cooperative 
aerial surveys were suspended after 1990 due to unresolved problems wi th survey methods. 

The precision of previous aerial survey results were limited by biases associated with survey 
methods and variability in walrus haulout behavior (Estes and Gilbert 1978, Gilbert et of. 1992, Hills 
and Gilbert 1994). Differences in sampling methods between surveys have also made comparisons 
of previous survey results difficult (Gilbert 1999). Estimates of the number of walruses uti lizing 
terrestrial haulout sites were typically presented as a single value without a measure of variance. 
Estimates of the number of walruses hauled out on ice have variously been presented with or without 
a variance estimate. When presented, variance est imates for the number of walruses in the pack ice 
were typically large with confidence limits approaching the size of the estimate. Survey effort over 
ice habitat has been inadequate to achieve an acceptable level of precision. The inadequate sample 
size of previous surveys was primarily a function of the difficulties and expense of flying aerial 
surveys over large remote habitats, and a poor understanding of walrus distributions and haulout 
behavior. 
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Workshop participants identified the following problems that have been encountered in designing 
and conducting walrus surveys: 

Patchy distribution 
Walruses are not randomly or evenly distributed overtheirpotential hab itat. Walruses typically haul 
out in groups ranging in size from two to several thousand animals. This clumped distribution 
contributes significant variance to abundance est imates based on strip or line transects. 

Walrus haulout behavior is poorly understood 
An unknown proportion of animals are in water and not avai lable for counting during surveys. 
Counts of walruses at terrestrial haulouts can range from zero to thousands within a few days. 
Haulout behavior appears to have some degree of synchrony, however the factors influencing 
haulout behavior are poorl y understood. This synchrony is also apparent in walruses hauling out 
on ice. Even during maximal haulout periods on ice and on land, some proportion of animals is 
likely to be in water and unavailable fo r counting. 

Counting walruses in large groups 
The contagious (clumped) hau lout behavior of walruses on land and ice haulouts, results in large 
groups (up to several thousand animals) that are difficult to count visually with any degree of 
accuracy. During previous aerial-visual surveys of walruses over ice, group size was typically 
estimated for all groups larger than twenty animals. Estimates of group size vary ben .... een observers. 
Visual survey techniques provide no data record for veri fi cat ion of group size. 

Wal rus distribution and movement patterns are poorly understood 
Problems associated with the capture and handling of walruses have constrained research regarding 
walrus distri bution and behavior. Questions regarding the location of seasonal aggregations, site 
fideli ty, diving behavior, and correlations between distribution and various habitat types remain 
unanswered. 

Pacific walruses inhabit a dynamic and unpredictable environment 
lee conditions, weather, and concomitantly, walrus distributions, are highly variable aIUlually and 
seasonally. The dynamic ice environments of the Bering and Chukchi Seas results in inter-aIUlual 
variation in walrus distribution which make it difficult to predict where to focus survey effort. The 
Bering and Chukchi Seas also have unstab le weather patterns. Fog, wind, and number of daylight 
hours wili limit the number of days of survey effort. 

Walruses are distributed over a large remote area 
The vast area over which Pacific walruses are distributed presents financial, logistic, and safety 
concerns. 

Financial considerations 
The amount of survey effort required to obtain a population estimate with an acceptable degree of 
precis ion will be large, and therefore expensive. The most recent cost estimates for conducting a 
survey of the Pacific walrus population range from one to three million U.S. dollars. Although 
expensive, workshop participants pointed out that these est imates are comparable to what the 
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National Marine Fisheries Service (NMFS) allocated to carry out dolphin surveys in the eastern 
tropical Pacific. The overa ll cost of surveying the Pacific walrus population could likely be reduced 
through the development of new survey techniques and by focusing survey effort. Unfortunately, 
new survey techniques for walruses have yet to be developed and seasonal di stribution patterns are 
poorly understood. 

Pol itical considerations 
Pacific walruses range across the international border of the United States and Russia. A 
comprehensive population survey will requi re close international coordination. Given the current 
economic crisis in Russia, Russian managers are un likely to be able to direct significant resources 
toward an assessment of the Pacific walrus population. Another consequence of the economic crisis 
in Russia is that fuel is no longer available at many of the airstrips in the Russian Far East. 

SECTION 2. SURVEY CONDITIONS BY SEASON 

Workshop participants identified and evaluated four potential survey periods: 

• Spring (March/April) 
• Summer (July/August) 
• Fall (September/October) 

Transitional periods which coincide with the movement of the ice edge through Bering 
Strait; either early Summer (May/June), or late fall (OctoberlNovember) 

Challenges conunon to all seasons include: 

• Walruses will be distributed over a large area. 
• Walrus distribution over potential habitat will be non-uniform (patchy aggregations). 
• Walruses will occur in large groups. 
• Some proportion of animals is expected to be in the water and unavailable for counting. 
• Haulout dynamics are poorly understood, but appear to be synchronous and non-random. 
• It will be difficult to predict walrus distribution in pack ice, because its extent is high ly 

variable from year to year. 
• There will be a high probability of inclement weather. 

Workshop participants sununarized information on walrus distributions, weather, and ice condit ions 
by season. There was insufficient information available on walrus distributions to make 
recommendations about the "best" season to survey. Each potential survey season has its strengths 
and weaknesses. There was a general consensus that the "best" season depends on the object ives 
of the survey. 
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Spring (March/April) survey conditions 

Walrus distribution on ice 
In early spring, most walruses are found in the pack ice of the Beri ng Sea. Concentrations of 
walruses are most likely to be found in areas where, open leads, polynyas, or thi n ice occurs. The 
specific location of these groups wi ll vary aIUlually and seasonally depending upon the extent of the 
sea ice. Previous spring survey efforts have located walruses in open leads and polynyas in the Gulf 
of Anadyr, southwest of S1. Lawrence Island, southeast of St. Matthew Island, and in the 
southeastern Bering Sea from south of Nunivak. Island into northwestern Bristol Bay. 

Walrus distribution on land 
Walruses are not known to haulout on land in March and April. 

Weather!1ight conditions 
Early spring weather is characterized by stable clear days (relative to other seasons) with rapidly 
increasing daylight hours. The wind chill is often high. As the season progresses, there is a greater 
chance of fog and storms. 

Ice conditions 
In late winter/early spring, the pack Ice IS at its maximum extent and the ice edge is at its 
southenunost limit. 

Benefits of the spring season 
• Most walruses are expected to be associated with pack ice in the Bering Sea. This would 

reduce the complications of having to survey multiple habitats within a short time frame. 
The ice environment, and concomitantly walrus distribution, is thought to be re latively stable 
at th is time. Walruses may be aggregated through the winter~spring breeding season. 

• There will be good thermal contrast between walruses and ice ifthermal sensors are used as 
a survey method. 

• There will be good visual contrast between walruses and clean (snow covered) ice. 
• There are increas ing numbers of daylight hours for fl ying and a relatively good chance of 

having favorable weather/survey condi tions. 

Challenges of the spring season 
• It will be difficult to predict where spring concentrations of walruses will occur. 
• Walrus concentrations are likely to be distributed over a very large area. 

• 
• 

l[ the weather is extremely cold, walruses are like ly to remain in the water and unavailable 
for viewing. 
The periodicity of walrus haulout behavior on ice is unknown and will be difficult to assess. 
A spring aerial survey over wal rus concentrations has the potential to conflict with 
subsistence users conducting thei r spring walrus hunt. 
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Summer (July/Augus t) survey conditions 

Walrus distribution on ice 
During the summer months, walruses that have migrated through Bering Strai t continue moving 
northward with the receding ice pack. By late August, large concentrations of walruses occur near 
the coasts between 70° Nand Pt. Barrow in the east and between Bering Strai t and Wrangel Island 
to the west . The distribution of walrus herds in the pack ice will vary arumalJy and seasonally 
depending upon the extent of sea ice. 

Walrus distribu tion on land 
During the summer season, concentrations of walruses, primarily adult males, can be found on and 
near terrestrial haulouts in the Bering Sea in Bristol Bay and in the northern Gulf of Anadyr. The 
proportion of females and dependent young utilizing summer haulouts in the Gulf of Anadyr have 
been increas ing over the past decade. In minimal ice years, when the ice has rapidly retreated north, 
walruses may also use haulout sites along the north coastline ofChukotka in late summer. The peak 
number of walruses utilizing land haulouts in the U.S. and Russia occurs during July and August. 

Weather/ light condi tions 
Air temperatures are warm and the days are long. The Chukchi Sea is subject to extensive fog 
during the summer months . 

Ice condi tions 
The extent of ice coverage during the summer season is less than in the spring, although highly 
variable from year to year. The ice edge is rapid ly retreating north. 

Benefits of the summer season 
• Walruses can predictably be found in large numbers at terrestrial haulout sites in the Bering 

Sea. The periodicity of haulout behavior at terrestrial haulout sites could be assessed with 
ground-based observations. 

• When the ice edge has retreated just north of Bering Strait, the potential ice habitat occupied 
by walruses may be at its minimum extent. 

• There may be a tendency for walruses to fonn larger group sizes at this time (although there 
are few data to evaluate this assumption). 

• There are many daylight hours for surveying. 

Challenges of the summer season 
• The proportion of animals utilizing land and ice haulouts in the Chukchi sea at this time of 

year are highly variahle. The survey design will have to account fo r walruses associated 
with both land and ice haulouts. 

• The extent and structure of pack ice will be high ly variable year to year. Therefore, it will 
be difficult to predict walrus distribution in the Chukchi Sea. 

• During summer months, walruses are actively feeding and migrating, and wi ll be difficult 
to track. This movement raises the issue of double counting. 

• The periodici ty of haul ou t behavior on ice is unknown and will be difficult to measure. 
• Unstable weather patterns and fog are typical fo r this time of year. 
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Fall (September/October) survey conditions 

Walrus distribution on ice 
1n previous fall surveys, the greatest concentrations of walruses were found in the vicinity of 
Wrangel Island and along the northwestern coast of Alaska. Walruses were generally distributed 
within 150 km ofthe southern edge of the ice pack. By late September, walruses in the Chukchi Sea 
begin moving south. Based on observations at Russian hau louts in the Gulf of Anadyr and limited 
telemetry data from Bristol Bay, some walruses summering in the Bering Sea swim north to the 
Bering Strait region in the fal l. 

Walrus distribution on land 
1n minimum ice years, large concentrations of walruses can be found at terrestrial haulout si tes on 
Wrangel Island and along the north coast of the Chukotka Peninsula. Haulout attendance appears 
to be a function of ice avai lability and weather. Walruses appear to prefer to haul out on ice 
whenever suitable ice flows are available. During stormy weather, walruses frequently leave 
terrestrial haulouls. 1n September, haulout attendance may be declining at Bering Sea haulouts, 
while peaking at haulouts along the north coastline ofChukotka and al Wrangel Island. 

Weatherllight conditions 
Weather patterns are highly variable in the fall. Some workshop participants felt that flying 
conditions might be better along the Russ ian coastl ine than along the Alaskan coast. There is 
generally less chance of fog than in the summer season, however stonns and snow squalls occur 
frequently. There are rap idly decreasing hours of daylight for surveying. 

lee conditions 
In September, the ice edge is at its northernmost limit, and pack ice is. at its minimal extent. 1n 
October, pack ice develops rapidly in the Chukchi Sea. The ice begins advancing through Bering 
Strait by November. 

Benefits of the fall season 
• Large numbers of walruses can be predictably found at terrestri al haulout sites. 

Walruses assoc iated with pack ice are expected to occur with in a narrow band along the 
southern ice edge. 

Challenges of the fa ll season 
• 

• 

• 

The proportion of animals uti lizing land and ice haulouts in the Chukchi Sea at thi s time of 
year are highly variable. A comprehensive survey must be designed 10 account for animals 
on both ice and land. 
Haulout attendance wi ll be affected by storms. 
There will be a lot of walruses in the water and unavai lab le for detection. 
It will be difficu lt to predict walrus distribution in the pack ice because its extent is highly 
variable from year to year. 
The periodicity of haul out behavior on ice is unknown and will be difficu lt to measure. 
There are rapidly decreasing hours of daylight for surveying. 
It will be difficult to delay a survey at th is time of year due to decreas ing daylight. 
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Survey conditions during transitional seasons 

Two potential survey periods which coincide with the ice edge moving through Bering Strait were 
considered. The spring migration occurs primarily in May and June, while the fall migration occurs 
in late October and November. 

Walrus distribution on ice 
During the spring migration, walruses frequentl y haul out to rest on ice flows. During the fall 
migration, most of the animals are in water. 

Walrus distribution on land 
Many walruses remain south of Bering Strait throughout the summer utilizing haulout complexes 
in Bristol Bay and the Gulf of Anadyr. Based on observations at Russian haul outs in the Gulf of 
Anadyr and limited telemetry data from Bristol Bay, some walruses summering in the Bering Sea 
swim north to the Bering Strait region in the fa ll . During the fa ll migration, large mixed herds of 
walruses occasionally come ashore at terrestrial haulout sites in the Bering Strait region. 

Weather/light 
During the spri ng migration, the weather in the Bering Strait region is characterized by freq uent 
stonns and extensive fog. There are a maximum number of daylight hours for surveying. During 
the fall migration, the Bering Strait region frequently experiences stonns and the number of dayl ight 
hours is rapidly decreasing. 

Benefits of trans itional seasons 
A large number of walruses predictably move through Bering Strait (a relati vely small area) over 
a relatively short time frame (6-8 weeks). Transitional seasons offer a potential window of 
opportunity for trend (index) counts. 

Chal lenges of transitional seasons 
• The Bering Strait region freq uently experiences unstable weather during the spring and fall 

walrus migrations. There is a high probability that inclement weather will interfere with 
survey efforts. 

• The proportion of the Pacific walrus population passing through Bering Strait each year is 
unknown. Many walruses will be utilizing terrestrial haulouts south of Bering Strait. The 
fraction pass ing through Bering Strait each year may be variable. The survey des ign must 
account for animals on both land and ice haulouts. 

• Walruses may pass back and forth through the Strait more than once, presenting problems 
with double count ing. 
Walruses will be actively migrating. A large proportion of animals are expected to be in 
water and unavailable for viewing. 
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SECTION 3. SURVEY TOOLS AND TECHNIQUES 

Workshop participants identified and discussed potential survey tools and techniques. 

Survey platforms 

Fixed winged aircraft 
All previous survey efforts for Pacific walruses have been conducted [Tom fixed winged aircraft. 
Past visual surveys were generally flown at an altitude of 100-300 meters. Today, fixed winged 
aircraft remains the most versatile and useful platform for conducting walrus surveys. Fixed winged 
ai rcraft are commercia ll y available and can be configured for a variety of survey techniques. 
Potential applications of fixed winged aircraft include vertical aerial photography at terrestrial 
haulouts and visual, photographic, or digital techniques over sea ice (see sensors). Workshop 
participants recommended that a survey aircraft should be a high winged, tvvin engine, long range 
aircraft. 

The entire range of the Pacific walrus population can theoretically be reached by fixed winged 
aircraft (figure F l). The amount of survey effort possible over sea ice wi ll be inversely related to 
the distance between the survey area and airstrip . During the 1990 fall survey, the sea ice was 
extremely far offshore, and the survey crew could only fly a few transects before they had to return 
to base. 

Potential survey aircraft in the U.S . include Twin Otters and Aero Commanders. Potential survey 
aircraft in Russia include an AN-26 based in Magadan, and tvvo AN-28s based in Kamchatka. 
Logistical considerations include the availability of fuel at potential airfie lds. It will be difficult 
to arrange fue l drops at remote locations, particularly in Russia. Walruses will be distributed over 
large and remote areas, therefore, the cost and safety of flying aerial surveys needs to be considered. 

Ship (Icebreaker) with shipboard helicopters 
An icebreaker with shipboard helicopters would be a useful research platform for investigating 
walrus haulout dynamics to develop correction fac tors for walruses not available for counting in ice 
habitat. An icebreaker could also be used in combination with a fixed winged aircraft to survey 
walrus concentrations in pack ice. Fixed winged aircraft could survey large areas and direct 
ship/helicopters to areas of walrus concentration for more intensive surveys. Shipboard helicopters 
could also be used to survey walrus concentrations in pack ice with replication to address cyclic 
haulout patterns. Participants familiar with conducting marine mammal research [Tom helicopters 
cautioned that helicopters have a limited flying range over ice and are noisy. Disturbance can be 
minimized by flying straight past walrus groups; pilots should minimize turning or changing speeds. 

The U.S. Coast Guard presently has three icebreakers available for Arctic research. In 1998 and 
1999, GreenPeace contributed an icebreaker for walrus and seabi rd research in pack ice of the 
Chukchi Sea. The availability of Russian icebreakers is unknown. Russian participants suggested 
that Russian icebreakers might be available if outside funding were available. 
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Satellite systems capable of detecting walruses 
Commercially available satell ite imagery is not at sufficient resolution to distinguish individual 
animals. The new IKONOS system has I-meterpancmomatic and 4-metermulti-spectral capability 
which could theoretically be used to detect large groups of walruses. Potential applications of higher 
resolution military satellite imagery for detecting walruses at terrestrial haulouts are currently being 
evaluated by the USFWS. The application of mi litary satell ites for surveying walrus concentrations 
will be limited by the amount of imagery that can be obtained for non-mi li tary purposes. All 
satellite sensors capable of detecting walruses wi ll be constrained by cloud cover and light 
availability. 

Satell ite imagery capable of detecting walruses would be a useful tool for survey stratification. The 
IKONOS system is potentially capable of detennining the presence or absence of large walrus herds 
on land or ice, while military satellites could potentially be used to document the presence/absence 
and relative abundance of walruses at terrestrial hau louts. 

Ground-based observers 
Stationing observers at terrestrial haulouts is a relatively inexpensive method of monitoring haulout 
use and d)'TIamics. Ground-based observers could also report weather(flying) conditions and walrus 
distribution in a potential survey area. At some locations, a low angle of observation limits the 
abil ity of observers to count large densely packed herds of walruses. 

Natural promontories or man-made towers 
As with ground-based counts, counting walruses from elevated platfonns is a relatively simple and 
inexpensive technique. The improved viewing angle offered by natural promontories or man-made 
towers will help improve counts of walruses at terrestrial haulout sites. Natural promontories or 
man-made towers could potentially be used to monitor animal movement patterns (e.g., through 
Bering Strait during spring or the fall niigrations). 

Remotely controlled aircraft 
A remotely controlled aircraft could potentially be used to obtain vertical photographs of walruses 
on flat terrestrial haulouts. The potential application ofthjs technique will require further research 
and development. 

Sensors 

Visual observations/counts 
Human observers are able to detect and enumerate walruses in real time with high resolut ion. There 
are problems however, associated with visual counts of walruses when group size is greater than 
twenty. Problems associated with observer biases can be improved by having two or more 
independent observers. Counts oflarger walrus groups might be better done using other techniques. 
Visual counts are also hampered by the lack of a data record for count verification. This problem. 
could potentially be resolved by using visual counts in combination with video or photography. 
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High resolution aerial photography 
Vertical aerial photographs have been used successfully to count walruses on terrestrial haulouts. 
Aerial photographs need to be of fai rly high.resolution in order to identify and count indiv iduals, 
particularly calves. Previous survey efforts suggest that resolution of sufficient detai l can be 
obtained from a large format camera flown at an altitude of up to 2,000 ft. Participants fami liar with 
photographic survey techniques reconunended having a dedicated photographer during survey 
effort. High resolution photography has a relatively small footprint, and is not a practical technique 
for surveying large expanses of ice habitat. Several participants suggested using high resolution 
photography in combination with other coarser sensors (see infrared/muiti ·spectrai scarmers). 

Infrared/multi·spectral scarmers 
Infrared or multi-spectral scarmers could potentially be used to sample walrus habitat at higher 
altitudes than visual surveys. Increasingplatform altitude, and concomitantly sampling swath width, 
would increase sampling effort per transect. Multi-spectral or thermal scarmers could potentially 
be used to detect walruses from a high altitude to identify high and low density strata. Although 
resolution may be insufficient to distinguish individual animals, airborne scarmers could also 
potent ially be used to sample an area of ice covered by walruses. Workshop partic ipants suggested 
that these sensors might be used in combination with visual or photographic techniques to count 
walruses. An advantage of airborne imagery over satell ite imagery, is that it could potentially be 
veri fied with visual or photographic methods from a single platform. Potenti al applications of multi­
spectral or thermal sensors wi ll requ ire fu rther research and development. 

Digital video 
Digital video has been successfully used to detect and count individually hau led out ice seals. It is 
unknown ifthe resolution of digital video is sufficient to distinguish individual walruses in a group. 
Potential applications of digital video techniques to count walruses will require further research and 
development. 

Remote video 
Remotely controlled video is used to study Steller sea lions hauled out at the Chiswell Islands. The 
Alaska Sea Life Center uses cameras capable of delivering real time, high resolution photography. 
A te lephone satell ite link is currently under development. Remotely controlled video could 
potentially be used to study wal ruses at remote haulout sites or to evaluate weather conditions prior 
flying a survey. Potential applications of remote video techniques wi ll require further investigation. 

Synthetic Apertu re Radar 
Synthetic Aperture Radar (SAR) has the capabili ty to penetrate through clouds. Workshop 
partic ipant questioned whether the resolution of SAR was sufficient to detect walruses. 

Acoustic sensors 
The U.S. Navy maintains a network of underwater listening stations in the Bering Strait region. 
Workshop participants suggested that although it is theoretically possible to detect walruses with 
acoustic sensors, without information on aquatic call rates it would be difficult to assess the number 
of walruses passing by the sensor arrays . An acoustic array would not necessarily determine the 
absence of animals in the region. 
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Satellite imagel'"Y of ice 

Real time, or near real time satellite imagery of pack ice is a potentially useful tool for survey design 
and stratification. Ice imagery is readi ly available from the National Ice Center. The lag time 
between the acquisit ion of sate lli te imagery and its availabi lity on the web site is improving. Ice 
imagery is often available a half hour to an hour after the satellite has collected it. The resolution 
and classificat ion of ice imagery may be insufficient for detailed analysis, as smaller leads and 
openings where walruses could potentially haulout will not appear. ·Microwave imagery typically 
has a 12.5~25 km resolution. In good weather, it is possible to collect images with a resolution of 
0.5 km, which is sufficient to show larger leads. Stratification of a potential habitat will still req uire 
verification. Some participants expressed concern that satellite imagery could not distinguish 
between water~covered ice and open water. 

Sampling des ign 

Workshop participants found it difficult to discuss sampling design without a specific sampling 
strategy in mind. A few general principles were discussed. 

Sampling effort 
One of the biggest problems with previous walrus surveys was that insufficient levels of sampling 
effort resulted in large confidence intervals. Participants agreed that increasing sampling effort 
shou ld be a goal of future surveys. The amount of survey effort relative to previous surveys could 
be increased either by flying more survey transects or by increasing the swath width of transects (by 
flying at a higher altitude). 

Haulout dynamics 
Future survey efforts will need to address synchronous haulout patterns of walruses, either through 
real time correction factors developed from tracking instrumented animals, or by conducting 
replicate counts over the same area to estimate what proportion was hauled out. One problem with 
sampling a location across time is the potential for animal migration. The application of replicate 
counts might be better suited to coastal haulouts or surveys over ice in the spring when animals are 
(presumably) not migrating. 

Line transect surveys 
Line transect survey methods have advanced significantly since the last wa lrus survey. One 
improvement, which has been used successfully in polar bear studies, is the use of two independent 
observers on each side of the ai rcraft. Cetacean surveys also use this technique wi th two 
independent observers on different decks of a ship. This double counting technique relaxes one 
primary assumption of line transect survey theory, namely that all animals avai lable to be seen on 
the inside edge of the survey strip are detected. The analysis method used by Manly et al. (1996) 
pennits the variables to be used in a logistic regression. 
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Adaptive sampling 
Participants suggested that in-season adaptive sampling (adding survey effort in areas where high 
densities of walruses occur) might be one method to reduce biases associated with the contagiolls 
(clumped) distribut ion of walruses on sea ice. Researchers attempted to incorporate adapt ive 
sampling into the 1990 walrus survey (Gilbert et al. 1992) with disappointing results. Adapt ive 
sampling requires extra fuel and survey time which will come at the expense of standard flight lines. 
If adaptive sampling is incorporated into future survey efforts, additional observer and pilot training 
wi ll be required. The costs and benefits of adap tive sampling over more classic search procedures 
will need to be explored. 

Strati fication 
The ability to stratify census areas could help focus survey effort, and would likely reduce the 
variance of the estimate. Unfortunately, the relationship between walrus distribut ion and ice habitats 
is poorly understood. Stratification of a dynamic ice habitat will be difficult. It may be more 
practical to plan the most intensive uni fo1TI1 sampling regime possible, and then post-stratify during 
data analysis. 

Correction factors 

Telemetry 
Researchers from USGS are current ly using sate llite transmitters and time-depth-recorders (TDR's) 
to invest igate movement patterns and dive behavior of male walruses in Bristol Bay. 
Immobilization of walruses is still problematic. The mortality rate of drugged animals is 
approximately 10-15%. USGS will conti nue efforts to reduce the mortality of captured animals by 
searching for better immobilizing agents. 

Satellite transmitters have successfully been attached to walrus tusks. Over the past five years, the 
USGS deployed approximately 50 transmitters. The longevity of the transmitters was typically less 
than three months. The primary causes of transmitter failures were unknown because tagged 
walruses were seldom re-sighted, however antenna damage was observed on several occasions. 

TDR's have been dep loyed and retrieved from five male walruses at terrestrial haulouts in Bristol 
Bay. Over a one-month period, approximately 80% of thei r time was spent at sea, during which 
about 60% of the time was spent diving. Haulout attendance and dive behavior in animals using ice 
haulouts is likely to be different from animals hauling out on land, and will have to be quant ified 
in order to apply corrections to survey counts over ice habitats. One part icipant reported reasonable 
success drugging walrus on ice from Russ ian hunting boats based off a mother-ship. The Russian 
delegation to the workshop suggested tagging female walruses at terrestrial haulouts along the north 
coast of Chukotka with long te1TI1 transmitters might be easier than conducting tagging operations 
in pack ice. There was a general consensus that develop ing a reliable method of tagging walruses, 
either through immobi lization or remotely( e.g., barbed tags) is critical to studying walrus movement 
and haulout patterns. 
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Participants pointed out that applying a correct ion factor to adjust for animals unavailab le for 
sighting during a survey will add variance to the abundance estimate. The synchronous nature of 
walrus haulout patterns will cont ribute to variance associated with the correction factor, which could 
potentially he as large as the variance associated with the survey. The most effic ient sampling 
des ign for estimating correct ion factors from instrumented walruses would depend on the overall 
survey design, hut might include replicate counts over a period of time to reduce variance. 

SECTION 4. APPROACHES TO OBTAl N A MINIMUM POPULATION ESTIMATE 

Workshop parti cipants identified and discussed three potential approaches to obtain a minimum 
population estimate (Nmin) for the Pacific walrus population. The corrunon theme of all approaches 
was to maximize counts of the observable portion of the Pacific walrus population. Variations on 
this theme included utilizing replicate counts and correct ion factors to improve the precision of the 
estimates. 

Approach 1: Maximize counts of walruses on terrestrial haulouts 

Season 
The optimal survey season would be sometime during the summer or fall. Information on seasonal 
peaks is available for most significant terrestrial hau lout sites in Alaska and Russia. This 
information should be used to select an optimal survey period. 

Approach 
Conduct synchronous or near synchronous counts of walruses at all significant terrestrial hau lout 
sites in the U.S. and Russia, using high reso lution aerial photographs, remote sensing techniques, 
and/or ground-based observers. Maximum counts of walruses would likely he obta ined during years 
of minimal ice coverage in the Chukchi Sea. 

Benefits of the Approach 
• The approach is economically and logistically feasible. 
• The location of most significant terrestrial haulouts is known (Appendix V). 

Limitations of the Approach 
• The fraction of the popUlation associated with the ice pack is unknown and will vary from 

year to year. 
• An unknown fraction of walruses utilizing monitored haulout complexes wi ll he at sea 

(feeding) and unavailab le for counting. 
• Unless all haul outs are mo ni tored, there is the potential to miss a significant fraction of the 

popUlation. 
• Interpreting population trends from counts of male dominated haulouts will be difficult. 

The surruner/fall survey season is characterized by unstable weather patterns. Inclement 
weather wi ll influence survey condi tions and walrus haulout patterns. 
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Recommendations to improve estimates 
• Synchronize haulout counts as much as possib le to reduce the chance of doub le counting 

animals that move among haulouts. 
• To reduce the like lihood of missing significant concentrations of hauled out animals, 

maximize the number of hau l outs surveyed and survey the coastline between haulouts. 
Use ground observers stationed at selected haulout sites to help determine optimal survey 
times (peak haulout numbers) and report on weatherlflying condit ions. 
Conduct replicate counts to improve the likel ihood of obtaining peak numbers at hau louts. 
Develop correct ion factors to est imate the proportion of walruses unavailab le for counting. 

Approach 2: Maximize counts of walruses at terrestrial haulouts in combination with survey 
effort over ice habitat 

Season 
The optimal survey season would be similar to Approach I (Summer or Fa ll). The strategy would 
be to time survey effort to coincide with maximal haulout use. Existi ng information on seasonal 
peaks in haulout attendance should be analyzed to help define the optimum survey period. 

Approach 
Surveying walruses at terrestrial hau lout sites would be similar to Approach 1. Additional aerial 
survey effort over ice habitat would be conducted using visual or remote sensing techniques. 

Benefits of the Approach 
• The location of major terrestrial walrus haul outs is known (Appendix V). 
• Counting walruses at terrestri al haulout sites is economically and logist ically feas ible. 

The addition of aerial survey effort over ice habi tat would result in a larger est imate of 
abundance (will reduce the negative bias of the estimate). 

• Adding survey effort over ice habitat would also capture a more representative sample 
(across age and sex classes) than would counts from terrestrial haulouts alone. 

Limitations of the Approach 
Several problems encountered with counting walruses at terrestrial haulout sites are listed under 
Approach 1. The additional challenge of this approach would be to locate and survey concentrations 
of walruses in the pack ice. 

Recommendations to improve estimates 
Recommendations to improve (increase) the estimate of the number of walruses ut ilizing terrestrial 
haulouts are identi fied under Approach 1. To improve the estimate of walruses associated with pack 
ice, workshop participants recommended: 

• Focus survey effort as much as possible into areas with large concentrations of walruses. 
Satelli te telemetry would be a useful for locating aggregations of walruses in the pack ice. 

• Survey effort can be maximized by flying more transects, increasing survey swath width to 
sample a wider area, or both. 
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• 

• 

• 

The development of correction factors for walruses hauled out on ice would help estimate 
the fraction of walruses in the survey area which were unavai lable for counting. 
The use of an icebreaker with ship-based helicopters may prove to be a useful platform for 
surveying concentrations of walruses in pack ice. 
Rep licate counts over ice habi tat are likely to improve the accuracy of the estimate. 

Approach 3: Maximize counts of walruses hauled out on ice 

Season 
A March/April survey period was recommended as the best time to survey concentrations in pack 
ice of the Bering Sea. Walruses are not known to haulout on land at this time. 

Approach 
Conduct an aerial survey of walrus concentrations in pack ice using visual or remote sensing 
techniques. The strategy would be to locate major concentration areas and maximize counts of 
walruses hauled out on ice. 

Benefits of the Approach 
• Most of the Pacific walrus population wi ll be assoc iated with pack ice in the Bering Sea at 

this time of year. This would reduce the complicat ions of having to survey multiple habitats 
over a short ti me frame. 

• 

• 

There are relati vely good survey conditions in the spring (abundant daylight and good visual 
contrast between walruses and snow-covered ice). In addition, there is considerab le thennal 
contrast between walruses and the background environment, which makes the use of 
airborne infrared sensors a possib ility. 
Although movement patterns are poorly understood, walrus distribution may be fairly stat ic 
at this time (ice conditions are relatively stable, and animals have not yet begun migrating). 
Walruses may also be aggregated by their breeding behavior (walruses breed in late 
winter/early spring). 

Limitat ions of the Approach 
• Spring walrus concentrations will likely occur over a large area. Some participants felt that 

the potential ice habitat occupied by walruses was significantly greater in the spring than 
during the fall survey period. 

• Extensive aerial survey effort over pack ice will present financial and safety considerat ions. 
The location and ex tent of spring concentrations of walruses are poorl y known. Although 
walruses are most likely to be found in major concentrations in areas where leads, polynyas, 
or thin ice occur, specific locations of these groups are li kely to vary from year to year. 

• An unknown fraction of walruses wi ll be in the water and unavailable for counting. 
• Wind chill fac tors remain a consideration throughout March-April; walruses tend to remain 

in the water during periods of intense cold. 

Recommendations to improve the estimate 
Recommendations to improve the estimate of the number of walruses uti li zing ice haulouts are 
identified under Approach 2. 
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SECTION 5. APPROACHES TO OBTAIN A POPULATION INDEX 

Workshop participants identified and discussed five potential survey approaches to index the size 
of the Pacific walrus population. A common theme of al l approaches was to conduct periodic counts 
of a subset of the Pacific walrus population to look for trends which might be affecting the 
popu lation as a whole. Workshop participants agreed that survey approaches simi lar to past spring 
or fall survey efforts were more likely to provide a reliable population index than would counts at 
terrestrial trend sites, but could not reach a consensus on the best season to survey. The precision 
of index counts could be improved by utilizing replicate counts and correction factors. 

Approach 1: Conduct annual trend counts of walruses at select coastal baulouts (iDdex sites) 

Season 
The optimal survey season will be site specific. Information on haulout attendance is available for 
most significant terrestrial haul out sites in Alaska and Russia. This informat ion should be used to 
select an optimal survey period. 

Approach 
Conduct arumal counts of walruses at terrestrial index sites using high resolution aerial photographs 
and/or groundvbased observers. 

Benefits of Approach 
• The locations of all significant terrestria l haulouts are known. 
• The approach is economically and logistically feasible. 

Limitations of the Approach 
• Haulout monitoring studies have shown cons iderable annual variabi li ty in the number of 

walruses attending specific hau louts. Factors affecting haulout attendance are poorly 
understood but likely include weather and ice conditions, learned behavior, disturbance 
levels and proximity to prey-base. 

• 

• 
• 

• 

• 

• 

An unknown fraction of walruses uti lizing the index sites will be feedi ng (at sea) and 
unavai lable for counting. 
Interpreting population trends from counts at male dominated haulouts wil l be difficult. 
Changes in animal behavior (e.g., the amount of time spent away from the haulout) will be 
a confounding variable in interpreting trend counts. 
Although there is anecdotal ev idence of individual walruses returni ng to the same haulou t, 
the degree of site fidelity unknown. Walruses using one trend site in a given year may use 
different haulouts in subsequent years. 
Only certain segments of the population will be monitored. The re lationship between 
walruses at index sites and the populat ion as a whole is unknown. 
The summer/fa ll survey season is characterized by unstab le weather patterns. Inclement 
weather will influence walrus haulout patterns and survey conditions. 
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Recommendations to improve the estimate 
• Maximize the number of monitored haulouts (See Approach 2). 
• Walruses are believed to use regiona l haulouts complexes. Synchronizing counts of 

walruses at index sites would reduce the chance of double counting animals that are moving 
among haulouts. 

• Conduct replicate counts at haulouts to mi ni mize biases associated with haulout behavior. 
Develop correction factors to estimate the fract ion of walruses that are at sea and unavailable 
for counting. 

Approach 2: Conduct annual trend counts of walruses at all coastal haulout sites 

Season 
The optimal survey season would be sometime during the summer or fall. The strategy would be 
to conduct the survey when maximal numbers of walruses are using terrestrial haul outs. Existing 
infonnation on haulou t attendance could help define the optimum survey period. 

Approach 
The primary difference between this approach and Approach 1, is the number ofhauiouts monitored. 
The strategy would be to conduct synchronous, or near synchronous, counts of walruses on all 
significant terrestrial haulout sites in the U.S. and Russia using high resolution aerial photographs 
and/or ground·based observers. 

Benefits of the Approach 
The locat ions of all significant terrestrial hau louts are known. 

• The app roach is economically and logistically feasib le (although more expensive than 
Approach 1). 

• This approach would provide a more representative sample of the population than simply 
looking for trends at one or more index sites. 

Limitat ions of the Approach 
Many of the problems associated with using hau lout counts to track trends in the Pacific walrus 
population li sted under Approach 1, apply here as well . An additional consideration is that the 
fraction of population associated with ice pack tends to vary from year to year in response to ice 
availability. This wil l present a problem with interpreting infonnation from some of the coastal 
haulouts in northern Chukotka which are only used during minimum ice years . Finally, coastal 
haulouts tend to be male dominated. It is unclear how to interpret these data. 

Recommendations to improve estimates 
Reconunendations to improve estimates of the number of walruses utilizing terrestrial haulouts are 
listed under Approach 1. Workshop participants reached a general consensus that adding survey 
effort over ice habitat would improve the estimate (see Approach 3). 
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Approach 3: Conduct periodic counts of walruses at all terrestrial haulouts in combination 
with survey effort over ice hab ita t 

Season 
The optimal survey season would be similar to Approach 2 (Summer or Fall) . The strategy would 
be to time survey effort with the peak use of terrestrial haulouts. Existing information on hau lout 
attendance could help define opt imum survey period. 

Approach 
This approach is similar to previous fall survey efforts (e.g., Gilbert et af. 1992). Survey techniques 
for coastal haulouts would be simi lar to Approach 2. Additional aerial survey effort over ice habitat 
could be conducted using visual or remote sensing techniques. 

Benefits of approach 
• The locations of all significant terrestri al hau louts are known (Appendix V). 
• The add ition of aerial survey effort over ice should provide a more representative sample of 

the population than looking fo r trends at coastal haulouts alone (more females and juveniles 
wi ll be represented). 

• Survey results would be comparable with previous fall survey efforts. 

Limitations of Approach 
Some problems associated with using haulout counts to track trends in the Pacific walms population 
are listed under Approach 1. 

Gilbert (1999), summarized problems associated with conducting aerial surveys for walmses over 
ice hab itat. These include: 
• 

• 
• 
• 
• 

• 

The contagious distribution patterns ofwalmses result in est imates with a high variance. 
The synchronous haulout behavior of walmses make it difficult to estimate the fraction of 
walmses available for counting. 
Walmses tend to form large groups that are difficult to count visually. 
Walms distribution and movement patterns are poorl y understood. 
Ice habitat is highly dynamic and unpredictable, which make survey des ign difficu lt. 
The vast area over which the populat ion is distributed presents logist ic, financial, and safety 
considerations. 
Walmses will be distri buted in U.S. and Russian waters . The survey will require close 
international coordination. 

Recommendations to improve estimates 
Recommendations to improve the estimate of the number ofwalmses uti lizing terrestrial haulouts 
are identified under Approach 1. 

To improve estimates of the number of walruses associated with pack ice: 

• Focus survey efforts as much as possible. Telemetry would be a useful tool for identifying 
concentrations of walruses in pack ice. 
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• 

• 

• 

• 

Survey effort can be maximized by flying more transects, increasing survey swath width to 
sample a wider area, or hoth. Remote sensing teclmiques may allow for survey aircraft to 
fly at higher alti tudes, thereby sampling a wider survey swath. 
The development of correction factors for walruses hau led out on ice could help estimate the 
fraction of walruses in the survey area which were lU1available for counting. 
The use of an icebreaker with helicopters may prove to be a useful tool for surveying 
concentrations of walruses in the pack ice. 
Replicate counts over ice habitat are like ly to improve the precision of abundance estimates. 

Approach 4: Conduct periodic counts of walruses on ice in area of winter/spring 
concentrations 

Season 
A March! April survey period was recommended as the best time to survey wal rus concentrations 
in the Bering Sea pack ice. Walruses are not known to haulout on land at this time. 

Approach 
This approach is similar to previous spring survey efforts (e.g., Fedoseev el al. 1988). The approach 
wou ld be to conduct a periodic aerial survey of walrus concentrations in the Bering Sea pack ice 
using visual or remote sensing techniques. 

Benefits of Approach 
• Most of the Pacific walrus population will be located in the Bering Sea pack ice. There is 

only one substrate to survey, there fore, a single survey method could be applied. 
• There are relatively good survey conditions in the spring (abundant daylight, good visual 

contrast between walruses and snow-covered ice) . In addition, there is considerable thermal 
contrast between walruses and their background environment, which makes the use of 
airborne infrared sensors a possib ility. 

• Although movement patterns are poorl y understood, walrus distribution may be fai rly static 
at this time (ice conditions are relatively stable, and animals have not yet begun migrating). 

• Walruses may also be aggregated by their breeding behavior. This approach is likely to 
index the breeding component of the popUlation. 

Limitations of Approach 
Many of the problems associated with conduct ing aerial surveys for walruses over ice habitat 
identified by Gilbert (1999) would apply to this approach as well. Specific concerns related to 
conducting surveys in the spring include: 

• Spring walrus concentrations wi ll be distributed over a large area. Some participants felt 
that the potential ice habitat occupied by walruses was significantly greater in the spring than 
during the fall survey period. Extens ive aerial survey effort over pack ice will present 
financial and safety cons iderations. 

• The location and extent of spring concentrations of walruses are poorly known. Although 
walruses are most likely to be found in major concentrations in areas where leads, polynyas, 
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or thin ice occur, specific locat ions of these groups are likely to vary from year to year. 
Wind chill factors remain a consideration throughout March and Apri l; walruses tend to stay 
in the water during cold weather. 

Recommendations to improve estimates 
Recommendations to improve estimates of the number of walruses uti lizing terrestrial haulouts are 
identified under Approach 1. Recommendat ions to improve estimates of walruses associated with 
pack ice are listed under Approach 3. 

Approacb 5: Monitor walrus migration tbrough Bering Strait 

Season 
The survey season would be selected to coincide with the seasonal migration of walruses through 
Bering Strait in either the spring or the fa lL The spring migration occurs primari ly in May and June. 
The fall migration typically occurs in October and November. 

Approach 
The approach would be to conduct index counts of walruses migrating through Bering Strait using 
some combination of aerial survey techniques (v isual or remote sensing); satell ite imagery; sonic 
tags/acoustic sensors, and/or ground-based observers east and west of the Diomedes. 

Benefits of Approach 
• A large number of walruses migrate through Bering Strait twice a year. 
• This approach could prove to be inexpensive relative to range-wide surveys, particularly if 

ground observations were feasib le. 
• Counts of adult females and calves could be used to index productivity. 

Limitations of Approach 
• An unknown subset of the population would be sampled . 
• Migration patterns through Beri ng Strait are poorly understood. It is unknown whether the 

same number of animals move through Beri ng Strai t each year. Movement patterns are not 
necessari ly unidirectional (presenting problems with double counti ng). 

• Weather and ice conditions in the Bering Strait region during spring and fa ll migrations are 
not conducive to collecting visual, photographic, or satell ite observations. 

• Walruses are act ively migrating during the proposed survey season. Many an imals will be 
in water and unavai lable fo r viewing; the likelihood of detecting animals in the water is low. 

Recommendations to improve estimates 
Participants recommended quantifying potential survey biases and evaluating whether or not this 
approach is feasible. 
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SECTION 6. APPROACHES TO ESTIMATE TOTAL POPULATION SIZE WITH AN 
ACCEPTABLE LEVEL OF PRECISION 

Workshop participants identified and discussed four different approaches to obtain a population 
estimate with an acceptable level of precision. Three of the proposed approaches involved 
surveying walrus concentrations on land and/or ice haulouts and using correction factors to account 
for the fraction of animals unavailable for counting. The primary difference between these proposed 
survey approaches was the choice of a survey season. The group was unable to achieve a consensus 
on the "best" season to conduct the survey. More infonnation on the seasonal distribution patterns 
of walruses is necessary to resolve this issue. Workshop participants also discussed the possibility 
of using mark-recapture teclmiques to est imate the size of the Pacific walrus population. 

The group discussed what level of precision would be necessary for a useful populat ion est imate. 
The National Marine Fisheries Service has a marine mammal task force that priorit izes marine 
mammal survey proposals on an annual basis. Their guidelines recommend an abundance estimate 
with a coefficient of variat ion (CV) between 0.2 and 0.3 for target species. This standard is set to 
avoid Potential Biological Removal (PBR) levels which are too conservati ve (abundance estimates 
with high CV's produce more conservative estimates of Nmin and concomitantly PBR). The 
likelihood of class ifying a stock as strategic (when in fac t it is not) becomes problematic when 
abundance estimates have CV's greater than 0.3 (Wade and DeMaster, 1999). 

Approach 1: Survey walrus concentrations on land and ice haulouts in the fall corrected for 
the fraction not ava ilable to be counted 

Season 
Previous fall survey efforts have been flown in September/October when the pack ice in the Chukchi 
Sea is at its minimum extent. 

Approach 
The strategy would be to conduct synchronous, or near synchronous, counts of walruses on all 
significant terrestrial haulout sites in the U.S. and Russia, using high resolution aerial photographs 
andlor ground-based observers. Intensive survey effort would also be flown over pack ice in the 
Chukchi Sea in areas of known or expected concentrations of walruses using visual or remote 
sensing teclmiques. Abundance estimates would be adjusted using correction fac tors developed for 
terrestrial haulouts and ice habitat. 

Benefits of approach 
The primary advantage of a fall survey season is that many walruses will be associated with 
terrestrial haulout sites. The potential ice habitat for walruses is at its seasonal minimum. 

Limitations of Approach 
Problems associated with previous efforts to survey walrus populations are covered in detai l by 
Estes and Gilbert 1978; Gilbert 1999; Gi lbert el al. 1992; Hills and Gilbert 1994. Some of the 
problems encountered in previous aerial surveys include: 
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• Sample sizes over ice habitat were inadequate to ach ieve an acceptable level of precision. 
The inadequate sample size was primarily a function the expense of flying aerial transects 
over large remote habitats. 

• Walrus groups were not randomly or un ifonnly distri buted throughout potential ice habitat. 
The patchy distribution of walrus herds contributed a significant variance to the estimates. 

• The unpredictable haulout behavior of walruses has hampered efforts to estimate the fract ion 
of animals available to be counted. The application of satellite telemetry techniques to 
develop correction factors is still under development. 

• The contagious haulout behavior of walruses results in large groups (up to several thousand 
animals) which are difficult to count. 

Problems specific to the fall survey period include: 

• The survey design must address both land and ice haulouts. 
• The relationship between land and ice haulouts are poorly understood. A significant 

exchange between the two habitats could result to double counting or under counting 
animals. 

• Fall weather patterns in the Chukchi Sea are highly unstable; stonns and snow squalls occur 
frequently during this period. 

• The number of daylight hours avai lable fo r surveying is decreasing rap idly. 

Recommendations to improve estimates 
• Future surveys should address the precision of derived estimates. Estimates of walrus 

numbers at coastal haulouts should be deri ved from replicate counts spaIUling from one 
haulout peak to another. Replicate sampling would also help reduce variance associated 
with counts of walruses in pack ice. Replicate counts over ice habitat could potentially be 
accomplished from an icebreaker platfonn located in areas where concentrations of walruses 
occur. 

• 

• 

• 

• 

Increasing survey effort over ice habitat would potentially reduce the bias associated with 
the patchy distribution of walrus herds. Survey effort can be maximized by flying more 
transects, increasing survey swath wid th to sample a wider area, or both. Remote sensing 
techniques may allow for survey ai rcraft to fly at higher altitudes, thereby sampling a wider 
survey swath. 
St ratification could help focus survey area and reduce the amount of survey effort required, 
but wi ll require additional research on the relationship between walrus distribu tion and 
envi ronmental variables. 
Estimating the fraction of walruses that are avai lable to be counted during the survey period 
wi ll require the development of correction factors . The most promising technique for 
developing correction factors is satell ite telemetry. Haulout patterns are li kely to vary 
between sites. Therefore, many transmitters will need to be deployed. 
Improving the accuracy of counts of walruses in large groups should be a goal of fut ure 
surveys. High resolution aerial photography is a useful technique for counts at terrestrial 
haulouts, but is not practical fo r sampling ice habitat. The applicat ion of remote sensing 
technologies should be explored. 
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Approach 2 : Survey walrus concentrations on ice haulouts in the spring corrected for the 
fraction not avai lab le to be counted 

Season 
A March/April survey period was reconunended as the best time to survey concentrations of 
walruses in the Bering Sea pack ice. Walruses are not known to haul out on land at thi s time. 

Approach 
The approach would be to conduct intensive survey effort over the Bering Sea pack ice in areas of 
known or expected concentrations of walruses using visual or remote sensing techniques. The 
fraction of walruses in the water and unavailable for counting could be estimated using correction 
factors developed for ice habitat. 

Benefits of approach 
• The primary advantage of a spring survey over a fall or summer survey period is that only 

one habitat type (ice) needs to be considered. A spring survey over the pack ice would be 
less complicated than surveying multiple habitats over a short time period and would have 
fewer sources of additive variance. 

• There are relatively good survey condit ions in the spring (abundant daylight and good visual 
contrast between walruses and snow-covered ice). In addition, there is considerable thennal 
contrast between walruses and the background environment which makes the use of airborne 
infrared sensors a possibility. 

• Although movement patterns are poorly understood, walrus distribution may be fairly static 
at this time (ice conditions are relat ive ly stable, animals have not yet begun migrating into 
the Chukchi Sea). 

• Walruses may also be aggregated by their breeding behavior (walruses breed in late 
winter/early spring). 

Limitations of Approach 
Many of the problems identified under Approach I would apply to this approach as well. 

Specific concerns related to conducti ng surveys in the spring include: 
Walruses are likely to be distributed over a larger area in the spring than in the fall. 

• Extensive aerial survey effort over pack ice will present financial and safety considerations. 
• The location and ex tent of spring concentrations of walruses are poorly known. Although 

walruses are most likely to be found in major concentrations in areas where open leads, 
polynyas, or thin ice occur, the specific locations of these groups is likely to vary from year 
to year. 
Wind chi ll factors remain a considerat ion throughout March-April; walruses tend to stay in 
water during cold weather. 

Recommendations to improve estimates 
Recommendations to improve the precision of abundance estimates in ice habitat are listed under 
Approach 1. 
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Approach 3: Survey walrus concentrations on land and ice haulouts in the summer corrected 
for the fraction Dot availab le to be counted 

Season 
The optimal survey season would be in June or July when the relati vely intact ice edge has moved 
just north of Bering Strait. 

Approach 
Conduct synchronous, or near synchronous, counts of walruses on terrestria l hau lout sites in the 
Bering Sea in combination with intensive survey effort along the ice edge north of Bering Strait. 
The survey design might include a vessel strategically stationed near walrus concentrations in pack 
ice and ground observers at haulouts in Bering Strait, the Gulf of Anadyr, Karaginsk ii Bay and 
Bristol Bay. Abundance estimates could be adjus ted using correction factors developed for 
terrestrial haulouts and ice habitat. 

Benefits of approach 
• The sununer weather is characteri zed by long dayl ight hours, wann temperatures, and low 

average wind velocities. There is ample time to wait for favorab le weather, the potential 
survey day is long and general aircraft operations are easier. 

• Walruses will be found along the margin of a sti ll intact, relatively closed, ice pack just north 
of Bering Strait, reducing the amount of flying time requ ired over ice. 

• Large concentration of walruses will be found on coastal haulouts that are ice free. 

Limitations of Approach 
Many of the problems identified under Approach 1 would apply to this approach as well. 

Specific concerns related to conducting surveys in the summer include: 
• Frequent fog over the pack ice during sununer months will make it difficult to sample the 

ice component of the population. 
• An unknown fract ion of the population may have already moved north of Bering Strait. 

These animals would be unavailable for counting. 

Recommendations to improve estimates 
Recommendations to impro ve the precision of abundance estimates for the number of walruses 
utilizing land and ice haulouts are listed under Approach 1. Sate llite telemetry will also be required 
to verify walrus distribution during summer months. 

Approach 4: Develop a mark-recapture population estimate 

Approach 
Workshop participants discussed using a mark-recapture approach to estimate the size of the Pacific 
walrus population. Biopsy darts could potentia ll y be used to collect a large sample of tissue samples 
from the population and DNA fingerprinting techniques could be used to identify (mark) individual 
animals . Biopsy sampling of a large number of walrus could potentially be accomplished at 
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terrestrial haulout sites (Wiig et al. 2000). The population could then be re-sampled with biopsy 
darts or by collecting ti ssue samples from subsistence-harvested animals. This idea was based on 
the success of a genetic mark-recapture study of the north Atlantic Humpback whale (Megaptera 
novaeangliae) (see Smith et al. (1999) for further details). 

Benefits of Approach 
This approach would avo id many of the sampling biases associated aerial surveys. The approach 
might also prove to be cost effective relative to a range wide survey. 

Limitations of Approach 
This approach is untested for walruses. It will first be necessary to detennine whether an adequate 
survey design can be developed. 

Recommendations to improve the estimate 
• Detennine if it is possible to use DNA fingerprinting techniques on walrus skin biopsies to 

identify individuals. 
• Detennine how many "marks" and "recaptures" would be required to est imate populat ion 

size with a reasonable level of precision. 
• Develop a sampling strategy which meets the assumptions of mark-recapture theory. The 

sampling design should consider obtaining a representative sample across all age/sex 
categories. 

SECTION 7. ALTERNATIVE APPROACHES TO ASSESSING POPULATION 
ST A TUS AND TRENDS 

Workshop participants considered three alternatives to population surveys to evaluate population 
trends. There was a general consensus that whi le these teclmiques may provide valuable qualitative 
measures of population health, they would not provide quantitative infonnation on the status and 
trend of the Pacific walrus population. 

Approach 1: Monitor trends in life history variables 

An alternative approach to monitoring the size ofthe Pacific walrus population would be to monitor 
changes in life history variables over time to infer changes in population status relative to the 
carrying capacity of the environment. In other pinniped species, shifts in population density have 
been correlated with changes in maturat ion and fe rtili ty rates. For example, the popUlation of 
northwest Atlant ic harp seals decl ined by more than 50% between 1950 and 1975 as a resu lt of 
intense commercial harvesting. During th is time, the mean age of sexual maturity dropped by 
approximately two years and pregnancy rates increased by approximately 10% (Bowen et al. 1981). 
These shifts in life history parameters were likely mediated by density dependent mechanisms. 

Approach 
Examine changes in the age of first reproduction from aging structures and reproductive organs 
collected from harvested animals . 
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Benefits of Approach 
• The analytical techniques are established, and a biological sampling program is in place. 
• Biological samples are relatively easy and inexpensive to collect. 
• There is a large historic data set available for comparat ive studies . 

Limitations of Approach 
• The status of the Pacific walrus population relative to the carrying capacity of the 

environment (current and historic) is unknown. As a result, it wi ll be difficult to interpret 
changes in life history variables. 

• There are inherent sampling biases in collecting biological samples from harvested animals. 
Observed trends in sampled animals may not reflect population changes. 

• The age classes over which maturation occurs are poorly represented in the harvest. As a 
result it wi ll be difficult to generate a meaningful estimate of variance for comparisons 
between sample years. 

• The carrying capacity of the envirorunent may have changed over time. 
• Observed changes in life history parameters will not provide quantitative data on population 

status or trend. A biological index will only be useful for monitoring the populat ion if it can 
positively be correlated with population size. 

Approach 2: Monitor trends in the age-sex composition of the population 

Approach 
Researchers at the University of Alaska have developed a fie ld method for estimating walrus 
productivity, juvenile survival, and recruitment based on visual observations of skull and tusk 
morphology. During research cruises in 1998 and 1999, they found that the ratios of calves, l-year­
old, 2-year-old and 3-year-old animals to adult females were lower than expected, and postulated 
that the Pacific walrus population might be in decline. 

Benefits of Approach 
• A non-invasive field method of class ifying the age class and sex of free ranging walrus herds 

has been established. 
• The method provides valuable information on productivity and recruitment. Estimates of 

these parameters are essential for population modeling efforts. 
• Futu re results could be compared with past efforts to look for trends in these parameters. 

Limitations of Approach 
• The technique requires an icebreaker platform. The cost has been offset by conducting 

surveys on "ships of opportunity" offered by the U.S . Coast Guard and GreenPeace. 
Sources of sampling biases are sti ll being investigated. Observed trends in sampled animals 
may not reflect changes occurring at the population level. 

• 

• 
• 

The method assumes adult survivorship remains constant between surveys. 
This index carmot be used to directly determine population size, although it may be useful 
in models that can be verified by periodic survey data . 
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Approacb 3: Monitor trends in h un ting success 

Approach 
Trends in hunting success may reflect changes in walrus abundance, similar to a catch-per-unit­
effort index . 

Benefits of Approach 
• A harvest monitoring program is already in place. 
• The data are relatively easy and inexpensive to collect. 
• There is an historic data set available for comparat ive studies. 

Limitations of Aporoach 
• 

• 

• 

• 

• 

Trends in hunting success may also be affected by conservat ion educat ion and law 
enforcement efforts. Hunt ing patterns may also be affected bychanging social, political, and 
economic conditions as well as advancements in hunting technology. 
There is large annual variation in hunting success presumably related to prevailing weather 
and ice conditions (animals might be present but inaccess ib le to hunters). 
Most sign ificant walrus hunting villages in Alaska and Chukotka are strategical ly located 
in core areas of abundance (seasonal). Population changes are more li kely to become 
apparent at the periphery of the range. 
Walruses may move to other areas if food resources are li mited or hunting causes too much 
disturbance. It will be difficult to interpret changes. 
This approach wi ll not provide quantitative data on population status or trend. 

SECTION 8. WORKSHOP RECOMMENDATIONS 

Survey objectives 

Workshop participants agreed that, although required by section 117 of the Marine Mammal 
Protection Act, a minimum population est imate (Nmin) by itself has li ttle value as a management 
tooL Without knowledge of what fraction of the popUlation is being sampled, estimates ofNmin 
will be negatively biased. This could lead to an inaccurate assessment of population status. If 
pursued, the strategy should be to attempt to count suffi cient numbers of walruses to establish 
whether current harvest levels are sustainable. 

There was general agreement that large seasonal and inter-annual variations in walrus di stribution 
will make interpretation of index counts difficult. Social factors, learned behavior and proximity 
to prey probably influence locations of seasonal walrus concentrations, however, litt le is known 
about these factors. Variabi lity associated with animal behav ior also needs to be quantified; 
observed changes at trend sites could potentially reflect changes in animal behavior rather than 
relative abundance. Due to inherent sampling biases of index counts, there is a low probability of 
success in detecting anything short of a catastrophic decline in population size (Gerrodette 1987). 
The International Wha li ng Commission agrees w ith th is opinion and warns managing marine 
mammal popUlations by index counts is unlikely to achieve management goals (Cooke 1995). 
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There was general agreement that a population estimate with a reasonable level of precision would 
be a more usefu l management tool than would estimates ofNmin or index counts. This information 
would meet the primary needs of resource managers: evaluating population status, monitoring 
population trends, and determining sustainable removal levels. Unfortunately, the survey too ls and 
techniques necessary to obtain population estimates with an acceptab le level of precision are not 
presently avai lable. It is also expected that a large amount of survey effort will be required to 
achieve an acceptably small vari ance. 

Survey seasons 

Workshop participants were unable to reach a consensus on the best season to survey the Pacific 
walrus population. Each potential survey season has its strengths and weaknesses (See Section 2, 
Survey conditions by season). Workshop participants recorrunended that potential survey periods 
should be evaluated by comparing the relative amount of survey effort requ ired to produce a 
satisfactory abundance es timate. A modeling exercise to evaluate the cost/benefi t ratios of 
conducting population surveys during different seasons should be undertaken. Workshop 
participants also recommended quantifying potential sampling biases and evaluating the feasibility 
of conducting index counts of walruses migrati ng through Bering Strait in June/Ju ly. 

Survey tools and techniques 

Improve methods of tracking walruses 
There was a general consensus by workshop participants that a survey can be designed most 
effectively with a better understanding of walrus movement patterns, seasonal fidelity to haulout 
sites and regions, and haulout periodicity in terrestrial and ice habitats. Methods for address ing 
these quest ions, much of which requires the use of telemetry, wi ll require further development. 

Current methods for the chemical immobi lization and capturing of wal ruses provide only short 
hand ling periods and result in an undesirable number of mortal ities. Researchers need to be able 
to reliab ly capture and handle animals from various age and sex classes, both on land and ice. 

Movements by individual an imals have been tracked ITom satell ite transmitters, conventional VHF 
transmitters, and TDR's. The use of satelli te telemetry has been limi ted by transmi tter failures 
resulting from the rigors of attachment to the animal ' s tusk. Workshop participants recorrunended 
that efforts should cont inue to improve transmitter design to accomplish long~ t erm tracking. 
Transmitters are usually attached to the tusk, but efforts should be made to investigate alternative 
attachment methods, including implanted transmitters. 

The ability to remotely deploy either visual tags or radio transmitters using barbed tags would also 
be use fu l for the study of sho rt~term movement patterns. Applying numerous short~ lived 

transmi tters over a brief period of time would be useful fo r developing correction factors during a 
survey. Correction factors might also be developed by using TDR's. Retrieving data ITom deployed 
TDR's is problematic and requi res further invest igation. 
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Investigate the application of remote sensing techniques 
One of the major shortcomings of previous efforts to survey the Paci fic walrus population has been 
an insufficient level of survey effort. Remote sensing techniques may allow for survey aircraft to 
fly at higher altitudes thereby sampling a wider survey swath. A remote sensing system capable of 
detecting walruses would also be a potentially useful tool for survey stratification. 

Participants recommended investigating the application of airborne infrared and/or multi-spectral 
sensors for walrus surveys over ice. While these sensors are unlikely to distinguish individual 
animals from higher altitudes, they could potentially be used to sample the footprint of walrus herds. 
Remote sens ing and photographic techniques could potentially be combined. Research is necessary 
to determine the optimum combination of swath width and ground sample distance that maximizes 
sample area and minimizes the number of animals that would go undetected. 

Participants also recommended evaluating potential applications of satellite imagery for walrus 
surveys. Imagery from the IKONOS satellite should be examined to see if that system is capable 
of detecting and enumerating large walrus herds. 

Investigate the application of digital video 
One limitation of visual-aerial surveys of walrus herds on ice is the lack of a data record for 
verification of group size estimates. Thjs problem could potent ially be addressed by videotap ing 
walrus herds. Workshop participants recommended evaluat ing whether or not digital video would 
have the resolution necessary to distinguish individual walruses in a group. 

Evaluate the feasibility of using mark- recapture techniques to estimate populat ion size 
Participants recommended considering DNA fingerprinting techniques in a mark-recapture study 
for walruses. If a mark-recapture study is determined to be unfeasible for walruses, the DNA 
fingerprinting might still be a useful for studying long-range movement patterns and distribution of 
individuals from hypothesized stocks. 

Walrus distribution and behavior 

There was a general consensus that more information on walrus distribution and behavior would 
improve the precision of survey efforts. 

Investigate seasonal distributions of walruses 
As telemetry techniques are developed further, satellite transmitters should be used to track seasonal 
movement patterns of walruses. Workshop participants recommended deploying satellite 
transmitters across various age and sex classes to monitor seasonal distributions of the population. 
Reconnaissance surveys flown over ice habitat would also provide useful information on seasonal 
distributions of walrus herds. 

Investigate habitat selection 
The relat ionship between walrus distribution and sea ice characteristics could be investigated using 
location data collected from satell ite transmitters overla in with sea ice imagery. Reconnaissance 
surveys or satell ite imaging over ice habitat could also provide useful information on habitat 
selection. 
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APPENDIX (, WORKSHOP AGENDA 

PACIFIC WALRUS SURVEY WORKSHOP 
Gordon Watson Conference Room 

Us. Fish and Wildlife Service Regional Office 
1011 East Tudor Road, Anchorage, AK 

March 27-28, 2000 

Monday, March 27 

9:00 a.m. 

9;30 a.m. 

10: 00 a.m. 

10:15 a.m. 

10:30 a.m. 

12:30 p.m. 

1 :30 p.m. 

2:15 p.m. 

2:30 p.m. 

5:00 p.m. 

L INT ROD UCTION 
Greetmgs 
Workshop Goals and Expectations 
Review Agenda 

2. BACKGROUND 
Review previous surveys and problems with counting walruses 
Review data summaries 

BREAK 

Gary Edwards 
Rosa Meehan 
Joel Garliclt-Miller 

Jim Gilbert 
Chad Jay 
John BlIrns/Anaroiy 
Kochnev 

3. OUTLINE WORKSHOP STRUC T URE/OBJECTIVES Robyn Ang/iss 

4. SURVEY CONDITIONS 
Summarize information on walrus distribution, weather, and ice conditions by season 

LUNCH 

5. SURVEY TECHNIQUES 
Identify potential survey platfonns, sensors, sampling designs, and approaches for 
developing correction factors, etc. 

BREAK 

6. SURVEY APPROACHES 
Develop one or more survey approaches to obtain a population count that would serve as 
a minimum population estimate for meeting stock assessment requirements 

END OF DAY 1 
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PAC IFIC WALRUS S URVEY WORKSHOP 
Gordon Warson Conferen.ce Room 

u.s. Fish and Wildlife Service Regional Office 
1011 East Tudor Road, Anchorage, AK 

March 27-28, 2000 

Tuesday, March 28 

8:00 a.m. 

10:00 a.m. 

10:15 a.m. 

12:30 p.m. 

I :30 p.m. 

2:30 p.m. 

2:45 p.m. 

4:30 p.m. 

5:00 p.m. 

7. SURVEY APPROACHES 
Develop one or more survey approaches /0 estimate an index of population size 

BREAK 

8. SURV EY APPROACHES 
Develop one or more survey approaches to estimate total population size will! an 
acceptable level o/precision 

LUNCH 

9. WORKSHOP RECOMMENDATIONS 
Evaluate the various approaches developed for each objective, review assumptions, and 
prioritize research recommendations 

BREAK 

10. ALTERNATIVE APPROACHES TO ASSESSING PO PULATION STAT US 
AN D TRENDS 
Brainstorm ideas/approaches other than enumeration for assessing status and trend of the 
Pacific walrus population 

II. WORKSHOP WRAP UP 
Review/clarify workshop accomplishments, group recommendations 

ADJOURN 
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PACIFIC WALRUS SURVEY WORKSHOP 
Gordon Watson Conference Room 

u.s. Fish and Wildlife Service Regional Office 
1011 East Tudor Road, Anchorage, AK 

March 27-28, 2000 

Robyn Aogliss 
National Marine Fisheries Service 
7600 Sand Point Way NE 
Seattle, Washington 98 11 5 
robyn.angliss@noaa.gov 

Christine Bailey 
U.S. Fish and Wi ldli fe Service 
1011 East Tudor Rd. 
Anchorage, Alaska 99503 
cluistine _ hai ley@fws.gov 

John Bengtson 
National Marine Fisheries Service 
7600 Sand Point Way NE 
Seattle, Washington 98115 
john.bengtson@noaa.gov 

Yuri Bukhtiyarov 
Magadan TINRO 
685024, Magadan, 
Nagaevskaya st. , 51, Russia 
antonb@mail.penn.ru 

Vladimir Burkanov 
Alaska Sealife Center 
P.O. Box 573 
Seward, Alaska 99664 
vladimirb@alaskaseali fe.o rg 

Douglas Burn 
U.S. Fish and Wildlife Service 
101 1 East Tudor Road 
Anchorage, Alaska 99503 
douglas~bum@fws.gov 
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John Burns 
Living Resources Inc. 
P.O. Box 83570 
Fairbanks, Alaska 99708 
ffjjb@uaf.edu 

Doug DeMaster 
National Marine Fisheries Service 
7600 Sand Point Way NE 
Seattle, Washington 98 11 5 
douglas .demaster@noaa.gov 

Joel Garlicb-Miller 
U.S. Fish and Wildlife Service 
101 1 East Tudor Rd. 
Anchorage, Alaska 99503 
joel~arlicluniller@fws . gov 

Jim Gilbert 
University of Maine 
Department of Wild life Ecology 
Orono, Maine 04469-5755 
gilbert@apol lo.umenfa.maine.edu 

Sue Hills 
University of Alaska 
Irvine II Rm 333 
Fairbanks, Alaska 99775 
hills@ims.alaska.edu 

Chad Jay 
U.S. Geological Survey 
1011 East Tudor Road 
Anchorage, Alaska 99503 
chadjay@usgs.gov 



Brendan Kelly 
Universi ty of Alaska 
Juneau Center, Fisheries Division 
11120 Glacier Hwy 
Juneau, Alaska 99801 
ffbpk@UAF.edu 

Anatoly Kochnev 
Chukotka TINRO 
P.O. Box 29 
Anadyr, Russia 686710 
kaira@anadyr.ru 

Lloyd Lowry 
Alaska Department ofFish and Game 
1550 Coyote Trail 
Fai rbanks, Alaska 99709 
Ilowry@eagle.ptialaska.net 

Lyman McDon ald 
Western EcoSystems Technology, Inc. 
2003 Central Ave. 
Cheyenne, Wyoming 82001 
Imcdonald@west- inc.com 

Rosa Meehan 
U.S. Fish and Wi ldlife Service 
1011 East Tudor Road 
Anchorage Alaska 99503 
rosa _ meehan@fws.gov 

David 0 David 
Eskimo Walrus Commission 
P.O. Box 78 
Kwigi llingok, AK 99622 

Carleton Ray 
University of Virginia 
Deparrment of Environmental Sciences 
291 McGonnick Rd., P.o. Box 400123 
Charlottesville, VA 22904·4123 
cr@virginia.edu 
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Chukotka TINRO 
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kaira@anadyr.ru 

David Tessler 
U.S . Geological Survey 
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U.S. Geological Survey 
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APPENDIX III: MAIL-BASED PARTICIPANTS 

G. Carleton Ray, Ph.D 
University of Virginia 

Department of Environmental Sciences 
291 McCormick Rd., P.O. Box 400123 

Charlottesville, V A 22904-4123 
Tel: (804) 924-0551 
Fax : (804) 982-2137 

E-mail: cr@virginia.edu 

21 March 2000 

Mr. Chad Jay & Mr. Joel Garlich-Miller 
U.S. Geological Survey & U.S. Fish and Wildl ife Service 
1011 East Tudor Road 
Anchorage, AK 99503 

Dear Chad and Joel: 

Many thanks for the materials you sent recently about the Pacific Wal rus Survey 
Workshop. I regret not being able to attend due to conflicts. However, I do have a few 
comments that I hope will prove useful. These will be brief, as you are both aware of the work 
wit h Bud Fay, Doug Wartzok, Gary Hufford and others, and you have copies of our papers. I am 
taking the liberty of sending copies to Jim Estes and Tom Loughlin, who I understand were 
invited but could not attend, and also to Gary Hufford and Doug Wartzok, to whose work I also 
refer herein. 

First, I agree with Estes and Gilbert (1978); "Estimates of total abundance based on 
limi ted survey efforts will provide infonnation of little reliability." Knowledge of th is problem 
led NASA, in the mid-1970s, to initiate its "Wildlife Monitoring Program Plan," which was 
developed with the cooperation o f management agencies and wildlife scientists. I was fortunate 
to be asked to attend, along with Ken Norris and others. The walrus was one of the animals 
chosen for initial investigation, due largely to its presumed susceptibility to advanced technology 
(e.g., remote sensing, radio -tracking, etc .). The Plan reflected a trui sm in wildlife management, 
that the minimal requirement for assessment is description o f life history in the context of 
environmental relationships. This inference reaches into environmental policy in the Marine 
Mammal Protection Act and was stated more poetically by George Bartholomew (BioSCience, 
vol. 6, No.5: p. 324); "Indifference to a phenomenon's natural context can result in a paralyzing 
mismatch between the problem and the questions put to it." 

The walrus falls into a difficult category because: (1) some individuals are missed in 
counting, leading to underestimation, and (2) an index o f abundance is not known to be constant, 
nor are the environmental variables detennined (see Measuring and Monitoring Biological 
Diversity: Standard Methods for Mammals, Don E. Wilson et ai, Smithsonian Institu tion Press). 
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Resolution of these difficulties will not be possible absent understanding the dynamics of walrus 
behavior and the dynamics of habitat, principally sea ice, together and at least in principle, and 
quantitat ively if at all possible. The infonnation packet you have provided indicates that you 
may follow this logic, as it contains nonnalized infonnat ion on sea-ice and walrus distributions 
together. However, as useful as this is for general purposes, it is out of scale with the problem of 
assessment. For example, walruses evidently choose speci fic sea ice types and structures for 
hauling out, as has long been suspected, but rarely measured. Our NASNONR Bering Sea 
Marine Mammal Experi ment (BESMEX) and Ray and Hufford (1989) resulted preliminary data 
on distribution within the "broken pack", which need to be repeated due to possible type I and II 
errors. But the essential point is that means should be employed that can result in real-time, 
concurrent, quantitative assessment of the animals and thei r sea-ice habitat, in order to get a 
handle on hau ling-out behavior, observability, and detenninants of patchy distribution pattems. 

Other factors needing consideration are that walruses seem to: 

• exhibit fidelity to specific areas of sea ice: that is, they appear to haul out on the same or 
adjacent patches to rest and drift with the ice between feeding bouts, both winter and 
summer (but probably no t during migrations); 

• favor specific sea ice types, both winter and summer (but probably not during migration); 
• have considerable div ing synchrony: that is most are either "in" or "out" of the water, 

casting doubt on the util ity of Fay's 113 : 2/3 observability index; and 
• show considerable sensitivity to weather, but specific times of hauling out are not 

necessarily predictable on th is basis alone, except perhaps for consecut ive days of good 
weather following consecutive days of lousy weather. 

All of these conclusions need a lot more work, but some princip les arise out of them. 
One is the need for a large "window of opportunity" to await the "best" conditions. Ideally, the 
target should be at least three days of consecutive flying under improving weather conditions. 
The second is the need for repeated surveys of the same areas; for example, we estimated - 400, 
1500, and 4,000 walruses on successive days in the same sea-ice area in winter (BESMEX) and 
also observed the same sort of thing during a summer cruise in the Chukchi Sea. I am sure that 
others may have similar results. What sort of statistic can be used to extrapolate the 
phenomenon of synchronous behavior, or of habitat choice, to the entire population, I cannot 
imagine (having asked several statisticians). This is all to suggest that your principle objective 
should be to record habitat and behavior, while doing the counting. 

In this regard , there seem to be two re lated problems that are too often not distinctl y 
segregated, and which require differing assessment methods. They are detectabi lity and 
countabi lity. I am convinced that detectabil ity is best accomplished du ri ng winter by passive IR. 
There appears to be no other method wi th such high signar to background ratio. It is also pretty 
cheap. This does not mean there are no pitfalls; e.g., recent haul outs may give pretty good 
thennal signatures. There is controversy about whether counts are possible by this means (I am 
certain that with a bit more effort, IR would surpass visual means by a wide margin!). 
Therefore, for counts you might consider aircraft-bome, multi-spectral imagery, which is also 
pretty cheap (much less than aerial photography, all things considered). The application of these 
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two methods may require that you beg, borrow, or steal the equipment, which is pricy, or hire it, 
which may not be. Also, you might have to make separate fl ights, possibly at di fferent altitudes, 
to accomplish these two tasks. For example, you could first detect majo r groupings; subsequent 
flights could do the counting. However, I am sure that your workshop could resolve these issues 
in the session on "alternative approaches." 

Clearly, in view of past results of low numbers of an imals detected and high uncerta inty 
in counts, alternatives are what you seek. This was the conclusion of Estes and Gi lbert way back 
in 1978, and, I take it, the conclusion fo llowing the 1990 survey. However, Gi lbert (1999) 
seems to follow the past, not to reflect upon it, and it contains some dubious assumptions. One 
is that area coverage of walruses is lesser in summer than winter, which may be so for range, but 
is probably not for distribution. That is, walrus distribution on sea ice is highly variable among 
seasons depending on sea-ice dynamics, which we do not yet sufficiently understand to make 
any definitive statements. This is obviously a subject for further investigation, but in my view, it 
simply makes sense that walruses would be most concentrated during the winter breeding 
season; the problem lies in detection of where that is, or those are, somewhere in the broken 
pack, and different from year to year. Thus, total possible range should not bias your choice of 
when to fly. I would also argue that the clearest weather occurs in winter, when walruses are on 
winter ice and where they are easier to see. Length of day should not be a problem, as "winter" 
in Beringia extends to the post-equinox world, not a problem for any aircraft worthy of flying 
there. 

Whatever you decide, I wish you luck. There's obviously no simple "solution" to the 
problem of counting any animal and whatever solution there may be for walruses will not be 
cheap. I only presume that you will be reminded of the old saw: "If history teaches us one thing, 
it is that we don ' t easily learn from history," and that low-flying, visual surveys will be rejected. 

Very best wishes, 

G. Carleton Ray 
Research Professor of Environmental Sciences 

Cc : Jim Estes, Gary Hufford, Tom Loughlin, Doug Wartzok 
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APPENDIX IV: APPLICATION OF REMOTE SENSING TO PACIFIC WALRUS 
SURVEYS 

Prepared by: Douglas Bum, USFWS 

Introduction 

Remote sensing involves obtaining infonnation about an object, area, or phenomenon through the 
analysis of data acquired by a device that is not in contact with the subject of the investigation. In 
that sense, visual observations constitute a fonn of remote sensing. However, remote sensing is 
more often thought of as involving a collect ion device such a fi lm camera or electronic sensor. 

Recent advances in remote sensing technologies offer new tools that may be useful for conducting 
marine manunal abundance surveys. Ai rborne sensors are currently available, while satellite 
systems with increasingly finer spatial and spectral resolutions are awaiting successful deployment. 
In addition to collection systems, the computer hardware and software necessary to analyze 
remotely-sensed data has become affordable to most scientists. The purpose of this white paper is 
to briefly summarize these remote sensing tools, and their potential appl ication in surveying the 
Pacific walrus population. 

Remote sensing concepts 

In simple tenns, remote sensing involves the collection of electromagnetic radiation from a portion 
or portions of the electromagnetic spectrum. Although the electromagnetic spectrum represents a 
continuum from shorter to longer wavelengths, it is generally classified into "regions" such as 
ultraviolet, visible, infrared, and microwave. For example, visible light covers the wavelengths from 
400-700run. In addition, the infrared portion of the spectrum is often further subdivided into near­
infrared, mid-infrared, and thennal infrared regions. 

Sensors can be broadly classified as passive or active, depending on the origin ofthe radiat ion they 
measure. An active sensor, such as synthetic aperture radar (8AR) provides its own source of 
radiation. Pass ive sensors typically record radiation that is reflected or emitted by the object of 
interest. 

Another important concept of remote sensing is resolution. Spatial resolution refers to the size of 
the smallest object that can be recognized in an image. In digital imagery, spatial resolution is 
referred to as pixel size or ground sample distance (GSD). Spatial resolution is primarily a function 
of the sensor and the collection altitude. For example, a linear detector consists of an array of 
charge-coupled devices (CCDs). At a given altitude, this sensor may produce an image with I-meter 
G8D; at higher altitudes the resu lting image would have a larger GSD and correspondingly wider 
swath width. 

Spectral resolut ion refers to the number and width of regions within the electromagnetic spectrum 
that a sensor can detect. Panchromatic sensors incorporate all visib le light inlo one measurement, 
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similar to black and white film. The ability to detect infonna tion beyond what the human eye can 
see is what sets modem remote sensing apart [rom traditiona l aerial photography. These regions are 
typically referred to as "bands." Depending on the number of bands a sensor has, the data are 
classified as single band, multispectral, and hyperspectral imagery. 

Radiometric resolution refers to the number of levels available within each band, and is measured 
as an exponent of the number 2. A panchromatic image with 4-bit data wou ld have 16 gray leve ls, 
while a similar image with 8-bit data would have 256 gray levels. An 8-bit image with red , green, 
and blue bands wou ld have 256 levels of each color, which can be combined to produce over 16.7 
million colors. 

Spectral and radiometric resolution are typically fixed for a given sensor, as are the dimensions of 
the detector array. Therefore, while spat ial resolution may be controlled by varying the collection 
altitude, there is a direct relationship between GSD and image "footprint." Imagery with better 
spatial resolution (smaller GSDs) generally samples a smaller portion of the earth. 

The three types of resolution directly impact the storage requirements for digital data. Smaller 
GSDs, more bands, and greater radiometric resolution all increase the size of the resulting image 
files. Depending on these reso lutions, single images can range from tens of megabytes to several 
gigabytes of infonnation. Remotely-sensed data adhere to the Steven Wright maxim: you can't have 
everything; where would you put it? 

Habitat assessment 

The focus of this paper is the use of remote sensing techniques to detect wal rus. However, 
remotely-sensed data from ex ist ing sources may also be used in survey design and to determine 
survey strata. A brief discussion of this subj ect is included below. 

A number of satellite collection systems exist that can provide information about sea ice. The 
Advanced Very High Resolution Rad iometer (A VHRR), Sea Viewing Wide Field of View Sensor 
(SeaWiFS), and RadarSat systems all co llect oceanographic information. These systems co llect 
information over large areas with pixe l sizes in excess of 1 km. 

The NOAA National Ice Center interprets remotely sensed data from a vari ety of sources and 
classifies sea ice in the Bering and Chukchi seas twice per week. Given the spatial reso lution of the 
raw data, the resulting ice classification is fai rl y course, and considerable variabi lity exists within 
the classifications. For example, polygons with high total ice concentrations may contain leads and 
polynyas that may be important for walrus, but are to small to be detected and mapped. An 
alternative to using National Ice Center ice maps is to obtain the raw data and perform algorithms 
to produce classifications that are more meaningful for walrus. 
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Detection systems 

Aerial photography has been used successfully to detect and count walrus on terrestrial haulouts in 
both the U.S. and Russia. However, photography is only an appropriate tool when walrus are at a 
known location. It would not be feasible to use aerial photography as a sampling tool, as the 
expense and analysis requirements would be prohibitive. 

Digital cameras and video systems are a relatively new development in remote sensing. Spatial 
resolution of digital cameras is approaching that of photographic film . Accurately geo-referenced 
images and mosaics can be created by interfacing these systems with a Global Positioning System 
(GPS) receiver. These systems have been successfully used to map wildfires, water resources, and 
utility structures such as pipelines. 

Airborne digital imagery has been used to a small degree. In 1989, Canadian researchers 
successfully detected walrus groups on ice using a Forward-Looking Infrared (FLIR) system in the 
thermal band. Walrus have considerable thermal contrast from their background environment of 
sea water, sea ice, and snow. This contrast allows walrus groups to be easily discriminated by 
computer analysis. Some drawbacks of this method are that individual walrus within a group are 
not discernable. In order to determine the number of walrus in a group, a conversion factor based 
on walrus size and spacing must also be used. In addition, the nature of FLIR imagery requires 
complicated processing and analysis. A thermal sensor that images directly below the aircraft and 
produce geo-referenced images would be a better collection system for walrus. 

Airborne multispectral and hyperspectral systems have the potential to detect walrus, but to date 
have not been used for this purpose. Examples of these sensors include the Compact Airborne 
Spectrographic Imager (CASI) and Airborne Visible and Infrared Imaging Spectrometer (A VIRIS). 
These systems would be more expensive to operate than a thermal sensor. One possible advantage 
of a multi- or hyperspectral sensor is the use of subpixel classification algoritluns. Digital sensors 
average the received radiation over the entire pixel size. As the GSD increases, a given pixel may 
include several different materials that contribute to the averaged pixel value. However, if the 
individual spectral reflectance of the different materials is known, it is possible to determine the 
proportions of these materials within a given pixel. Subpixel classification has been used with 
hyperspectral imagery in geological applications to detect and map various minerals. Theoretically, 
this technique could allow detection of walrus in imagery with large GSDs. 

Until recently, commercial satellite systems (such as Landsat and SPOT) did not have sufficient 
spatial resolution to be useful in detecting walrus. The Landsat Thematic Mapper (TM) collects 
seven-band data with 28.5m resolution for bands 1-5 and 7, and 120m resolution in band 6, which 
is a thermal band. SPOT imagery has 10m panchromatic resolution, and 20m multispectral (3-
band). The recently-deployed IKONOS satellite has 1m panchromatic resolution, and 4m 
multispectral (4-band). At this time, IKONOS is the only commercial satellite system that may have 
applicability to walrus surveys. Newer satellite systems with better spatial and spectral resolution 
are under development or awaiting deployment. 
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In addition to corrunercial satellite systems, classified military satellites, refe rred to as Nationa l 
Technical Means (NTM), have been made available to other Federal agencies. The spatial 
resolution of the panchromatic sensor is classi fied. However, over the past three years, the U.S. Fish 
& Wildl ife Service has tasked these satell ites and obtained imagery of walrus haulouts in Bristol 
Bay, Alaska. Preliminary analysis indicates that NTM data can be a useful where walrus locations 
are known, such as remote haulouts. However, similar to aerial photography, it is not a practical 
tool for sampling large areas. 

Potential app lication 

Recent work with high resolution color aerial photography indicates that a very high degree of 
spatial resolution is necessary to discriminate individual walrus. Counts of walrus groups in an 
image with a GSD of 51mm were 23% lower than an image of the same groups with a GSD of 
34mm. Imagery with spatial resolution sufficient to actually count walrus would have a 
prohibitively small footprint. The application of remote sensing to walrus surveys will therefore 
require a combination of systems. 

As detailed above, an airborne sensor can sample a swath of variable width dependent upon altitude. 
The resulting imagery can be used to determine the area sampled and detect any walrus groups 
present. Regardless of the sensor (thermaJ, multispectral, hyperspectral) or platform (airborne, 
spaceborne), it will not be possible to actually count individual walrus in the imagery. However, 
it is possible to determine the area covered by each group. A conversion factor based on the number 
of walrus per lUlit area can be used to estimate the number of walrus within each group. High 
resolution color aerial photography is suitable for estimating the density of walrus within a group. 

A potential remote sensing system would require two components: a sens<;lr to sample a swath of 
walrus habitat, and a high resolution aerial camera to photograph individual groups. Jdeally, both 
systems would fly on the same aircraft. A portion of the walrus groups detected by the sensor could 
be photographed to produce the density conversion factor. The optimum combination of swath 
width and GSD that maximizes sample area and minimizes the number of walrus missed remains 
to be determined. 

A remote sensing system has several advantages over a visual aerial survey. First and foremost, it 
may be possible to sample with a larger swath width, with uniform detection probability. Observer 
bias and fatigue would also be eliminated. In addition, the imagery and photography would 
comprise a permanent data record that could be analyzed at any time in the future. Feasibility 
stud ies are needed to determine the actual survey protocols. 

46 



APPENDIX V: DATA SUMMARIES 

The distribution of walruses on ice 

Figure A I. Walrus distribution by month 
Copiedfrom: Fay (1 982). 
Purpose: To illustrate the approximate monthly range-wide di stribution of Pacific walruses. 
Method: Compiled by F.R. Fay from published and unpublished sighting records coHeeted 
between 1930 and 1979. 
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Figure A2. Spatial distributions of walrus densities in aerial surveys of Pacific sea ice 
Prepared by: USGS 
Purpose: To compare walrus distributions observed in spring and fall surveys. 
Data: Fall survey data from the Pacific Walrus International Database: Cooperative U.S.-Soviet 
surveys in 1980 (USA80, RUS80), 1985 (USA85, RUS85), and 1990 (USA90, RUS90), and the 
U.S. portion of the U.S.-Soviet fall survey of 1975 (USA75). Spring survey data provided by 1. 
Gilbert, from two surveys conducted by Fedoseev ef af. (t 988) (APR87, MAY87). 
Method: Survey areas were partitioned into 25 x 25 km blocks to provide a standard sampling unit 
that could be compared across surveys. Blocks that were outside the minimum convex polygon 
containing all blocks in which walruses were observed were eliminated. Blocks that had less than 
25 km of survey transects were also eliminated. Densitywas estimated within each remain ing block 
as walruses per linear km of transect. 
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Figure A3. Walrus group sizes and densities in aerial surveys of Pacific sea ice 
Prepared by; USGS 
Purpose: To compare walrus distributions observed in spri ng and fall surveys. 
Data: Fall survey data from the Pacific Walrus International Database: Cooperative u.S.-Soviet 
surveys in 1980 (USA80, RUS80), 1985 (USA85, RUS85), and 1990 (USA90, RUS90), and the 
U.S. portion of the U.S.-Soviet fa ll survey of 1975 (USA 75). Spring survey data provided by J. 
Gilbert, from two surveys conducted by Fedoseev ef at. (I988) (APR87, MA Y87). 
Method:(A) Distributions of walrus group sizes were plotted (except for RUS85, in which group 
sizes were not separately recorded) . Survey areas were partitioned into 25 x 25 kro blocks. Blocks 
that either had no walrus observations, or had less than 25 Ian of survey transects were el iminated. 
The plotted distributions represent groups per linear Ian of transect (B), and individuals per linear 
Ian of transect (C). Box plots indicate l Olh, 25th

, 501h
, 75 1h

, 901h percentiles and all of the more 
extreme observations. 
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Table AI. Walrus groups and survey blocks in aerial surveys of Pacific sea ice 

25 x 25 km blocks 
Number with Proportion with 

Survey Number of groups Number of blocks >Owalruses >0 walruses 
APR87 86 64 II 0.17 
MAY87 123 319 6 1 0. 19 
RUS80 11 3 49 18 0.37 
RUS85 46 81 16 0.20 
RUS90 1260 123 79 0.64 
USA75 446 83 44 0.53 
USA80 1098 109 78 0.72 
USA85 787 107 70 0.65 
USA90 162 20 17 0.85 

Prepared by: USGS 
Purpose: To provide sample sizes and summary statistics for Figs. A2 and A3. 
Data: Fall survey data from the Pacific Walrus International Database: Cooperative u.S.-Soviet 
surveys in 1980 (USA80, RUS80), 1985 (USA85, RUS85), and 1990 (USA90, RUS90), and the 
U.S. portion of the U.S .-Soviet fa ll survey of 1975 (USA 75). Spring survey data provided by J. 
Gilbert, from two surveys conducted by Fedoseev el at. (1988) (APR87, MAY87). 
Method: The number of walrus groups observed during each survey were recorded (sample sizes fo r 
Fig. A2). Survey areas were partitioned into 25 x 25 km blocks. Blocks that were outside the 
minimum convex polygon containing all blocks in which walruses were observed were eliminated. 
Blocks with less than 25 km of survey transects were also eliminated. The number of remaining 
blocks (sample size for Figs. A3-B and C) and proportion of these blocks in which walruses were 
observed were recorded. 

Questions from workshop participallts: 
Q: What does the data tell us about areas of zero density? 
A: Figure A2 graphically illustrates the distri bution of walrus densiti es for those areas that had 
walruses. The last column of Table A l shows the proportion of cells which had >0 walruses . The 
proportion is quite a bit lower in the spring than in the fall. That is the major difference between the 
two seasons. 
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Figure A4. Results of an aeria l survey of walrus herds in the Gulf of Anadyr in March 1987 
Copied from: Mimrin et al. 1990. 
Purpose: To provide information on the distribution and abundance of walruses in the Gulf of 

Anadyr in March. 
Method: Aerial survey (March 15-20, 1987) counts of walruses on ice (uncorrected). 
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I. Central concentration (shaded) and border (solid line). Approximately 45,000-49,000 animals. 
2. Walrus concentration in the Cape Geck area. Approximately 41 0-480 animals. 
3. Walrus concentration in the Seriniki Po\yna area. Approximate ly 1,290-1,380 animals. 
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Tbe occurrence of walruses on land baulouts 

Figure BI. Bristol Bav hau lout counts 
Prepared by: USFWS 
Purpose: To summarize the use of terrestrial haulouts in Bristol Bay, Alaska. 
Data: U.S. Fish & Wildlife Service, Alaska Department ofFish and Game, 1990- 1999. 
Method: Daily walrus counts at the four major haulouts in Bristol Bay (Round Island, Cape 
Peirce, Cape Newenham, and Cape Seniavin) were graphed from Apri l 1 to November 30 of 
each year. The dates when counts were made at each location are also shown along the x-axis at 
the top. Round Island and Cape Peirce are the only haulouts monitored in every year; Cape 
Newenham was monitored sporadically; Cape Seniavin was not monitored until 1998 and 1999. 

Comments from workshop participants: 
The graph shows the peaks/troughs of animals using the haulouts; this variation by day is 
typical. The hau lout synchrony also shows up on Russian haulouts and in animals hauling out 
on ice. During previous faU surveys, thi s haul out cycle contributed error to abundance estimates. 
Often, planes flew over haulouts when numbers were either minimum or absent. 

The haulout peaks that occur at Round Island also occur at Cape Peirce. The cycle appears to be 
regional. The graphs also show that Bristol Bay haulouts need to be treated as a unit. Cape 
Peirce may be more important in the fall after Round Island is abandoned. The importance of 
Cape Newenham and Cape Seniavin is still unknown because the coverage has been so sporadic. 

The fidelity to the Bristo l Bay region is unknown, however, these data suggest a significant 
annual variation in the number of walruses using Bristol Bay haulouts. There is insufficient 
telemetry data to evaluate how many animals return to the region each year. 

Differences in haulout attendance may account for part of the apparent year to year differences. 

The scale of the annual variability is probably too great to be accounted for by differences in 
haulout attendance. There are probably di fferent numbers coming into the system each year. 
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Figure B2. An overview of the historical use of walrus haulouts on the Russian coast 

Prepared by: JOM Bums, Living Resources Inc. 

Walrus haulouts are/were located along the Russian coastline between the southeastern 
Kamchatka Peninsula and the central part of the East Siberian Sea. There are seven regions that 
have mUltiple active haul outs, and two regions with haulouts which are infrequently active. The 
former category includes: 1) offshore islands in the eastern Chukchi Sea (Wrangel and Herald); 
2) northern ChukotkalChukchi Peninsula; 3) eastern Chukchi PeninsulalBering Strait; 4) Gulf of 
Anadyr; 5) Koryak coastal region; 6) Olyutorski Bay region; and 7) Karaginskii Bay. The areas 
used infrequently and by relatively few walruses are the East Siberian Sea and the Kamchatka 
Peninsula south ofKaraginskii Bay (Region 8). Maps of the major haulouts in these regions, 
except for the East Siberian Sea, were made available to workshop participants (Figure B2). 

The Pacific walrus popUlation has fluctuated in size in response to varying levels of exploitation. 
In the mid 1930s, all haulouts south of the northern Gulf of Anadyr became virtually extinct, 
although there was infrequent use by individual walruses, and occasionally by small groups. The 
southern margin of the summer range of the much reduced popUlation had shifted northward to 
the vicinity of the southern Chukchi Peninsula. In 1938, it was reported that only five active 
haulouts remained in Chukotka (Zenkovich 1938), not including those on Wrangel and Herald 
islands. According to Kleinenberg (1957) there were only three by 1954. 

In the 1950's and 60's, various protective measures were implemented by the U.S. and Russia 
(the former Soviet Union) and the population is believed to have increased rapidly. Many of the 
former haulouts south of the Gulf of Anadyr became active in the mid to late 1970s, and many 
more animals used the more traditional haulouts of Chukotka, Bering Strait, Herald and Wrangel 
Islands. Peak haulout use, on a regular basis, apparently occurred during the late 1970s and 
early 1980s. By the late 1980s, more than 45 haulouts on the Russian coast were being used 
with some regularity, though the number of walruses hauling out on some of them was already 
declining. By the mid-1990s, some of those in the southern part of the summer range were again 
not in use, or were used by small numbers of walruses on an intermittent basis. 

Questions from workshop participants: Q: Could a survey be designed in such a way to say in 
these months at these haulouts 80% of the walruses were on land? A: By September or October 
most of the haulouts are reaching their low numbers. To determine an optimum time for 
surveying haulouts (maximum use), observers would need to be on key haulouts. The 
periodicity from Bristol Bay is evident at other haulouts also. It is not synchronous over all of 
the walrus world but it is within a region. The Russians have published information that 
correlates walruses leaving the haulout with falling barometric pressure. Q: Can the Russian 
haulouts be parsed into complexes? A: That is in essence what they are. According to the 
Russian scientists, after the walruses go into the Gulf of Anadyr, there is a general movement to 
the east- they begin to use Arakamchechen. Q: Are there a manageable number of haul outs on 
the Russian side? It seems that on both sides of Bering Sea that it would be very helpful to get 
an idea of the magnitude of yearly variation. A: There is tremendous variability in haulout use. 
Every one of the major regular haulouts shows this variability. Tracking haulout use - yes it is 
trackable. 
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Comments / rom Russian workshop participants: 
Every hunting community close to a hau lout says when the ice comes, the walruses leave the 
haulouts. 

Many of the haulouts identified here were used only once in 100 years. The historic increase of 
haulouts and number of walruses on them may not be as closely li nked to harvest as presented. 
Regular changes over many years of ice and climate may be more important facto rs in haulout 
use. The absence of haul outs in Kamchatka may not be as closely linked to extermination as to 
the fact that ice has allowed them to haul out in other areas . The absence of haul outs in those 
areas in historically distant times may be due to the fact that there wasn't as much research done 
then. As to the question of complexes of haul outs, yes you can single out several complexes 
along the coast of Chukotka. But to be able to draw the boundaries between the complexes, one 
has to do more work along the boundary haulouts. 
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Figure B3 . The most important mixed coastal haulouts ofChukotka 

Prepared by: Anatoly Kochnev, Chukotka TWRO 
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1 - Cape Blossom 

2 - Somnftelnaya Spit 

3 - Karpkarpka Island 

4 - Kolyuchin Island 

5 -Idlidlya Island 

6 - Cape Serdtse-Kamen 

7 - Cape Inkigur 

8 - Ret'kyn (Rudder) Spit 

9 - Meechkyn Spa 



Table B 1. Comparative estimates of the number of walruses using WrangelIsland haulouts 
during the 1990 survey 

Method 
Ground based counts 
(Koehnev,1991-Unpublished) 

Aerial photographs 
(Gilbert et aJ. 1992) 

Cape Blossom 
50,000 

76,702 

Prepared by: Anatoly Kotchnev, Chukotka TWRO 

Sorrmitelnaya Spit 
71,000 

32,946 

Ground-based counts were not synchronized with aerial photography, so some of the differences 
between ground-based counts and the counts done from aerial photographs may be attributed to 
animal movements. In reviewing the aerial photographs from which aerial estimates were made, 
Mr. Kotchnev noticed that calves less than three years of age, which typically rest on their 
mothers back, were not distinguishable in the photographs. Therefore, the counts conducted from 
the aerial photographs were likely to have been negatively biased. Based on his ground based 
observations, Kotchnev estimates that approximately 19 % of the walrus hauling out at Wrangel 
Island in 1990 were calves (0-2 years of age). He proposes correcting aeria l counts at terrestrial 
haulout sites utilized by females and dependent young to account for calves which are not be 
vis ible. The correction factor could be developed by collecti ng age-sex composition infonnat ion 
at the haul outs using ground observers. 

Comments from workshop participants: 
Large fomlat, high resolut ion photography should have sufficient resolution to distinguish 
individual animals, even calves. 
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Tbe subsistence walrus barvest 

Figure Cl. Walrus Harvest Monitor Project (WHMP) data 
Prepared by: USFWS 
Purpose: To summarize the timing of walrus hunting in the three majo r walrus hunting villages 
of Gambell , Savoonga, and Diomede. 
Data: U.S. Fish & Wildlife Service, WHMP data from 1992- 1999. 
Method: WHMP data were summarized by day for the three villages. The timing of the spring 
hunt is similar fo r Gambell and Savoonga. Hunting in Diomede usually begins about two weeks 
later than the other villages. Harvest levels are assumed to coincide with walrus avai lability. 
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Figure C2. Marking. Tagging. and Reporting Program (MTRP) data 
Prepared by: USFWS 
Purpose: To sununarize the timing of walrus hwlt ing along the western coast of Alaska. 
Data: U.S. Fish & Wildlife Service, MTRP data from 1988-1999. 
Method: MTRP data were summarized by month for twe lve villages ranging from Mekoryuk to 
the south to Barrow to the north. The data show a progress ion of walrus hunting that follows the 
northward migration in spring and summer. Harvest levels are assumed to coincide with walrus 
availabi lity. 

QuestiollsJrom workshop participants: Q: Can we say there are insignificant numbers north of 
Bering Strait before May? A; Hunters on the northern coast of the Chukotka Peninsula 
sometimes (rarely) harvest their fi rst walruses as early as May, however walruses generally do 
not occur in the Chukchi Sea at this time. It depends on the ice conditions. Aerial surveys 
around Wrangel Island in March and April 1988-1989 found a small number of walruses in leads 
in that area. These animals were believed to have over wintered in the Chukchi Sea. These 
numbers however, are probably not significant with respect to a population estimate. 
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Sea ice 

Figure Dl. The arumal advance and retreat of sea ice in the Chukchi and Beri ng Seas 
Copied from: Bering, Chukchi, and Beaufort Seas Coastal and Ocean Zones Strategic 
Assessment Data Atlas (I 987). 
Purpose: To depict the general position of the ice edge by month. 
Method: Not stated in the atlas. 
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Figure D2. Coverage of 15-80% ice concentration in the Chukchi and Bering Seas. 1978-1996 
Prepared by: USGS 
Purpose: To determine the relative extent of the potential survey area for different times of the 
year. 
Data: Passive microwave data from the Nat ional Snow and Ice Data Center, 1978 to 1996 (data 
collected every two days between 1978-1 988, and daily between 1988-1996). 
Method: Boundaries were constructed to delimit areas of the Chukchi and Bering Seas (see 
Figure D3). Arellnfo was used to derive the total area covered by 25 x 25 km cells that had ice 
concentrat ions between 15 and 80% within the delimited boundaries for each year. The 
distribution (percenti les) of the total area covered across all years was plotted for each day of the 
year. 

Quest;ons from workshop participants: 
Q: How can you have as much ice in July as in March? 
A: the graph is the coverage of unconsolidated ice. The solid ice pack is not counted. As the ice 
starts to retreat, the amount of 15-80% concentration decreases. Once the ice retreats through 
Bering Strait and into the Chukchi, the amount of 15-80% concentration increases, even though 
the total amount of ice decreases. 

Comments from workshop participants: 
Aerial surveys conducted in the Gulf of Anadyr in March 1987 encountered many walruses in 
100% ice concentrations. They were using small cracks and leads. 

Survey designs would have to be more flexible during periods afice advance and retreat than 
when the ice is at its maximum or minimum extent and not moving much. 

Generally, the ice retreats a lot quicker than it advances. 
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Figure D3. Place names, boundaries used in Figure D2. and location of weather stations used in 
Figure El 
Prepared by: USGS 
Purpose: Map to show place names. and locations pertinent to Figure D2 and El. 
Dala: Place names from Fay el al. (1997) and Gilbert (1 999). 
Melhod: N/A 
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Climatological summaries by season 

Figure E 1. Number of flyable days at stations along the coasts of Russia and Alaska 
Prepared by: USGS 
Purpose: To assess the seasonal and inter-aru1Ual variabili ty in flyable weather at stations along 
the coasts of Russia and Alaska. 
Data: NOAA, National Climatic Data Center and U.S. Department of Air Force, International 
Surface Weather Observations, 1998. Station locations shown in Figure D3. 
Method: Hourly records of wind speed, visibili ty, temperature, and ceiling height from 1982 to 
1997 (16 years) were used to identify days with flyable weather at each site. Weather variables 
were linearly interpolated over blocks of missing data for periods of no greater than four hours. 
Months with too much missing data were not included in the analysis. A day was considered 
flyable if at least one string of four continuous hours of minimum flying conditions occurred 
during the 24-hr day. Minimum flyi ng conditions for a given hour were defined as: wind speed 
< 20 knots, visibility > 4.8 km (3 miles), temperature > -34 °C (-30 OF), ceiling height > 300 m 
(984 feet). Separate analyses were run with and without consideration of the presence of 
daylight as a minimum flying condition. The distribution of the number of flyable days in each 
month over the years for which data were availab le is represented by a box plot for each station. 
Sufficient data were available for all 16 years at U.S. stations except for a 4-month period at 
Ko tzebue in 1996, and available for 11-16 years at Russian stations. Box plots indicate 101

\ 25 1h
, 

501h
, 751

\ 90th percentiles and out liers. 

Comments/rom workshop participants: 
A word ofwaming; these weather stations are on shore. At the shore locations, there isn't that 
much change but the condi tions in the sea are very different. At the ice edge, there is a lot offog 
and worse visibili ty. Another source of data would be from past surveys and getting a sense of 
which days were flown and which were not. 
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Figure E2. Percent frequency of low cloud ceiling « 1000 ft) and/or poor visibility « 5 runil 
Purpose: To compare month ly offshore visibi lity. 
CopiedJrom: Climatic Atlas of the Outer Continental Shelf Waters and Coastal Regions of 
Alaska (1988), Volumes II and III. 
Method: Isopleths were drawn by meteorologists who made subjective adjustments to the results 
of weather analyses when data biases were evident, and extrapolated into areas where 
insufficient observations were available. Fewer data were available from the Chukchi Sea than 
the Bering Sea. Observations were compiled for six marine areas in the Bering Sea and four 
marine areas in the Chukchi Sea. The number of observations by marine area in the Bering Sea 
ranged from only 558 observations in April to 10,232 observations in August. The number of 
observations by marine area in the Chukchi Sea ranged from 0 observations in January and June 
to 5,720 observations in August. Frequencies of low cloud cei ling and/or poor visibi li ty over all 
months ranged from 10% in September to >70% in July in the Bering Sea, and from 15% in 
October to >60% in ] uly and August in the Chukchi Sea. 
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Figure E3. Hours of daylight at coastal sites in Russ ia and Alaska 
Prepared by: USGS 
Purpose: To contrast daylight length across a latitudinal gradient within the study area. These 
data were also used to determine flyable days at stations along the coasts of Russia and Alaska 
(Figure E 1). 
Data: U.S. Naval Observatory, Astronomical Applications Department. Time of sunrise and 
sunset for each day and station. 
Method: The number of daylight hours per 24-hr day was averaged over each month and station. 

Commelltsfrom workshop participants: 
It is important to realize that if a survey is delayed by poor weather in the fa ll, you wi ll start to 
lose daylight very quickly. A week or two could make a huge difference. In the spring there is 
more flexibility. 
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Climatological summaries of the Chukchi and Bering Seas by season 
Prepared by: USGS 
Purpose : To briefly summarize principal seasonal changes in broad-scale weather patterns 
within the Chukchi and Bering Seas. 
Data: Climatic Atlas of the Outer Continental Shelf Waters and Coastal Regions of Alaska 
(1988), Volumes II and III; National Weather Service; Naval Pacific Meteorological and 
Oceanography Center; Summers (1921). 
Method: Synthesized relevant information from cl imatic atlases, web sites, and weather reports 
obtained from libraries and local weather offices. Variab les assessed included magnitude and 
movement of low-pressure systems, wind direction, extent of fog, cei ling heights, and visibility 
in the Chukchi and Bering Seas over a period of twelve months. 

Comments [rom workshop participants: It looks like when the weather is at its most stable when 
the ice is at its furt hest ex tent. 
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CHUKCHI SEA 

Winter (November - early April) 
Relatively high ice concentrat ions throughout the Chukchi and Beaufort Seas; litt le open 
water. 

• Strong winds flowing from the north through the Bering Strait and cast over Kotzebue 
are associated with strong low-pressure systems (- 997-1 000 rubs) in the Bering Sea. 
Inclement weather is common, and November is reported to be the windiest month of the 
year. 

• Northerly winds flowing over land and ice pack bri ng drier air; fog extent and amo unt is 
min imal due to the solidity of the ice pack and cold, dry wind. Latc March appears to be 
stable with litt le fog and relatively good visibi lity. 

Sprillg (late April - May) 
• Percent of open water increasing. particularly in the lower Chukchi Sea. 
• Low-pressure systems weaken in the Bering Sea (1008-1 009 mbs) and the strength of 

winds in the Chukchi Sea decreases. 
• Wind flows northerly over the Bering Strait, northeast over Barrow, and become westerly 

over Kotzebue. These west winds may shift the ice pack closer to shore, keeping local 
Kotzebue condi tions clear while fog persists offshore. 

• With the increased extent of open water, fog amount and dist ri bution increases notab ly 
relative to winterllate winter months. 

Summer (June - August) 
• Degree of ice coverage decreases through the summer. 
• In early summer, weak (-1011 mbs) Aleutian low-pressure systems produce mild winds 

and conditions stagnate with litt le movement. In July and August, the low-pressure 
systems move over into Siberi a and create relatively stronger sou therly winds through the 
Bering Straight; westerly winds continue over Kotzebue. 

• Warm, moisture-laden southerly winds encounter cooler water temperatures near the 
Chukchi Sea pack ice, and fog becomes extensive. Visibility becomes much more 
restricted than in other months of the year. 

Fall (September - October) 
• Amount of open water in the Chukch i Sea is highest in September; ice begins to build in 

October. 
• 

• 

Development of moderate low-pressure systems (- 1006 mbs) in September in the Bering 
Sea begins to re-create the winter pattern of northerly winds through the Beri ng Strait 
and easterly winds over Kotzebue. 
Fog extent and amoun t decreases substantially; October tends to re flect the least amount 
of fog fo r all months of the year. Although open water still exists throughout much of 
the area, north winds bring dry, cool air over the ice pack and keep fog from developing. 

87 



BERING SEA 

Wi"ler (November - March) 
• Degree of ice coverage increases from November to March. 
• Relative ly strong winds from the north over Gambell and S1. Paul Island are associated 

with strong low-pressure systems (-997-1000 rubs) adjacent to the Aleutian Islands. 
Fog extent and amount is minimal due to cold, dry northerl y winds; however, inclement • 
weather (cyclon ic stonns), with low cei lings and limited visibility, is conunon during 
wi nter months . H igh degree of variability and extreme weather patterns exist (i.e., 
although really nice days may be frequent, they are difficult to predict). However, late 
March appears to be more stable with li ttle fog and relatively good visibility. 

Spring (April- May) 
• Extent of ice coverage decreases throughout the spring. 
• Winds continue to flow north to south over Gambell and St. Paul, but Aleutian low­

pressure systems begin to weaken (- 1008-1009 mbs), producing d iminished winds. 
• Stonns occur less frequently, the region 'stagnates' as air movement is reduced, and fog 

extent/amoun t increases notably through May. 

Summer (June - August) 
• The Bering Sea becomes ice-free in late June. 
• In early summer, weaker (- l Oll mbs) low-pressure systems over the Aleutian chain 

produce mi ld winds generally flowing south to north over the region. In July and 
August, low-pressure systems shift over into Siberia and create more-pronounced 
southerly wi nds flowing over Gambell and St. Paul Island. 

• Fog becomes widespread as wann, moist winds encounter cooler water temperatures; 
visibili ty is at a m inimum under these stagnant condit ions. 

Fall (September - October) 
• The Bering Sea remains ice-free until October; ice concentrations begin to develop in 

Norton Sound in late-October. 
• Moderate low-pressure systems (-1006 mbs) emerge in September, once again reflecting 

the pattern of northerly winds and decreasing fog similar to the mid-winter months. 
• Low-pressure systems appear to local ize over the Gulf of Alaska in October; at this time, 

fog is negligible and the percent frequency of poor ceiling/visibility is minimal. 
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Logistics 

Figure F I I Table FlrrabJe F2 . Survey aircraft ranges and potential air strips 
Prepared by: USFWS 
Purpose: To illustrate the effective ranges of potentia l survey aircraft. 
Data: Maximum range of potential survey aircraft. 
Method: This method assumes an effect ive range as 113 of maximum range. The blue line 
depicts the area that could be covered using a Russian aircraft with effective range of 800 km 
(AN~30) and a U.S. aircraft with effect ive range of 480 km (Twin Otter). The red line dep icts 
the additiona l area that could be covered using a U.S. aircraft with effective range of740 km 
(Aero Commander). The black lines show the ranges of the two U.S. aircraft within the total 
area covered. 

Questions/rom workshop participants: Q: Was a safety buffer planned in? A: We used 1/3 of 
the maximal range to get out there. The graph shows the areas you can theoretically reach. The 
entire range of the Pacific walrus population can theoretically be reached. 
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Table F I 

Aero Turbo 
Survey Aircraft Twin Otter Turbine Goose Commander Commander AN-26130 

Max 1250km/6hrs 
2400km/10hrs 2240km/10hrs 

est. 2400km/6hrs 

Rang e/Duration (with aux. tank. 
(240 km/hr) (225 km/hr) 

1230kml6hrs (450 km/hr 
200 km/hr) (190 kmlhr) cruise) 

Effective Range 480 km 800 km 740 km est. 410km 800 km 

Fuel T ype Jet Jet (Aviation Gas) Jet Jet 

Crew 2 + 6 2+8 2 + 5 2+5 4 + 30 

Bubble Windows? Yes No Yes Yes Yes (An-26) 

Belly Camera? Yes Yes Yes Yes Yes (An-3~) 

Table F2 

Airfields Latitude Longitude Fuel? 

Pevek 69.70 170.30 U 

Cape Schmidt 68.93 -179.50 U 

Egvekinot 66.32 -179.1 7 U 

Lavrentiya 65.58 -171.00 U 

Anadyr 64.75 177.48 U 

Provideniya 64.38 -173.30 U 

Beringovskiy 63.05 179.32 U 

Magadan 59:57 150.80 U 

Petropavlovsk 53.02 158.65 U 

Sheremetyevo 47.37 134.27 U 

Barrow 71.28 -156.77 Y 

Wainwright 70.64 -159.99 N 

Point Lay 69.73 -163.01 N 

Kotzebue 66.89 -162.59 Y 

Wales 65.62 - 168.10 N 

Nome 64.51 -165.45 Y 

Gambell 63 .77 - 171.73 N 

Unalak leet 63.89 -160.80 Y 
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