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ABSTRACT 

Aerial surveys were conducted over the Bering Sea pack ice in April1976 to assess the distribution and 
density of five ice-associated pinnipeds. Results from those surveys support the hypothesis that walruses, 
ringed, ribbon, spotted, and bearded seals partition the available ice habitat by distributing themselves 
differentially according to north-south and east-west gradients. Partitioning is believed to be, the result of 
selection for specific ice types and, perhaps, availability of different prey. All species exhibited a clumped 
distribution. Walruses·were most abundant near St. Lawrence Island and in outer Bristol Bay, as had been 
observed in previous surveys during April. Ringed seals were widely dispersed, and their presence in consider
able numbers in the southeastern sector of the pack is reported for the first time. Ribbon seals were most 
abundant in the west-central ice front. Densities ofspotted seals were highest in the ice front, east and west of the 
major concentration of ribbon seals as well as in outer Bristol Bay. Bearded seals were nearly ubiquitous on the 
pack ice but with higher densities in the northern than in the southern sectors. The pack ice in April 1976 
extended nearly to its southern maximum, hence the data collected during.this study allowed a comparison of 
the spatial relationship among the ice-associated pinnipeds in a year of maximal dispersal. 

PEllOME 

B anpeJJe 1976 r. OLJJJH npoBeAeHLI upoBnly&JJbHLie uai'iJJJOAenua 18 pacnpeAeJJeuueM u nJJOTHOCTbJO 
l&JJeraHHH nHTH BHAOB JI8CTOHOrHX H8 JlbABX IJepunroBa MOpR. PelyJJbT8Tbi3THX H80JJJOAeHHH nOAKpenJJRIOT 
rHnOTely AHijlljlepeHJIHpOB8HHOrO pacnpeAeJJeHHR MOpll<a, 8l<HOhl, KpblJIBTI<H, JJapru, H JI8XT81<8 
COOTBeTCTBeHHO C ceoepa H8 tor H C BOCTOK8 H8 38DB.C.. 

fipeAnOJJaraeTCR, 'ITO T8J<Oe pacnpeAeJJeuHe OOYCJJOBJJeHO BbiOOpOM onpeAeJJenuoro THna JlbAa, a TaJ<ll<e 
AOCTynHOCTbiO npeAnO'IHT8TeJJbHOH nHIJIH. 

PacnpeAeJJeHHe acex BHAOB HMeJJO nHTHHCThlii xapaJ<Tep. HaHOOJibW8R 'IHCJJeHHOCTb MOpll<eii OTMe'laJJOCI> 
i'iJJHl oCTpoBB Co. JlaopeHTHR Hno nepnljlepuu laJJ. IJpucTOJJL, KaJ<, u B npeAJ>I,!IYIJIHe rOAI>I. KoJJb'laTaR nepn~ 
WHpOKO pacnpoCTpaHeHa H BnepBbJe B HlOOHJIHH OTMe'I&JIOCb B JOrO•BOCTO'IHOH '18CTH JJeAOBOrO noKpO&a. 
Han6oJJLmee J<OJJH'IecTBO KphiJJaTKH OTMe'leno B lanaAHO·JieHTpaJJLuoii qacTH JJeAOBoro ljlponTa. CaMaH 
BbiCOJ<8R nJJOTHOCTI> JJapru Ob1J18 BAOJII> JJeAOrO ljlpOHTB I< BOCTOI<Y H lanaAy OT OCHOBHbiX cocpeAOTO'IeHHH 
1<pi>IJJ8TI<H, 8 T8J<>J<e B l8JI. IJpHCTOJib. JlaXTaJ< BCTpe'laJJCR no'ITH nOBCeMeCTHO H8 naJ<OBOM JlbAY HnJJOTHOCTb 
ero CKOD!IeHH:ii 6LJJJ8 BLIWC Ha ceoepe, 'ICM Ha tore. 

nocJ<OJJLKY JJeA a anpene 1976 r. npoCTnpaJJca ua 10r AO MBKCHMaJJJ>HLJX lHa'lenuii, noJJy'leHnl>le AaHHI>Ie no 
pacnpeAeJJeHHIO JI8CTOHOrHX xap81<TepH1>1 AJJH rOA8 CM81<CHM8JibHOH JJeAOBHTOCTbiO MOpH. 

INTRODUCTION lions, Eumetopiasjubatus, also rest on floes in the southern edge of 
the pack during the spring, particularly when it extends far into the 

In winter and early spring, much of the Bering Sea is covered southwestern and southeastern Bering Sea. The centers of abun
with ice floes, which are used as haul out areas by several species of dance for those two pinnipeds, however, lie farther to the south, in 
pinnipeds: The Pacific walrus, Odobenus rosmarus divergens; the ice-free areas such as the Aleutian and Commander Islands and the 

ringed seal, Phoca hispida; the ribbon seal, Phoca jasciata; the Alaska and Kamchatka Peninsulas. Their use of the pack ice, 
spotted or larga seal, Phoca largha; and the bearded seal, Erig therefore, is irregular and opportunistic. 
nathus barbatus. These pinnipeds use the ice as a substrate on which Pack ice generally is present over most of the continental shelf of 
to give birth to their young, to molt, and to rest. To some extent also, the Bering Sea from December to June (Shapiro and Burns 1975; 
the moving ice serves as a means for passive dispersal of these McNutt 1981). In most years, the pack reaches its maximum in 
mammals into seasonal feeding areas, especially during its south extent during late March, when its extreme southern limit coincides 
ward advance in autumn and its northward retreat in spring (Burns approximately with the 200m isobath (Burns and Harbo 1977 4 

). In 
1970; Fay 1974). Harbor seals, Phoca vitulina, and northern sea years of extreme icing, however, the maximum is attained in April 

'National Marine Mammal Laboratory, National Marine Fisheries Service, 
NOAA, 7600 Sand Point WayNE., Seattle, WA 98115, USA. 4 Burns, J. J., and S. J. Harbo, Jr. 1977. An aerial census of spotted seal, Phoca 

2 Alaska Department ofFish and Game, 1300 College Road, Fairbanks, AK 99701, vitulina largha, and walruses, Odobenus rosmarus in the ice front of Bering Sea. In 

USA. Environmental assessment of the Alaskan continental shelf. Quarterly reports of 
3 Magadan Branch, Pacific Research Institute of Fisheries and Oceanography principal investigators, April-June 1977, Vol. I, p. 58-132. NOAA Environ. Res. 

(MoTINRO), Nagaevskaya 51, Magadan 685013, USSR. Lab., Boulder, Colo. 
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and extends farther south. This was its condition in April 1976 
(Fig. 1). 

The spring distribution of pinnipeds in parts of the Bering Sea 
pack ice had been investigated previously, for example by Kenyon 
(19605 , 19726 ), Krylov et al. (1964), Tikhomirov (1964), Fedoseev 
(1965), Shustov (1965, 1969), Kosygin (1966), Burns (1970), and 
Fay (1974), but no single study had investigated distribution 
throughoutthe pack ice, as we were able to do in Aprill976. April is 
the optimal month for such an investigation, for the greatest propor
tion of the species occurring there at that time is likely to be lying 
out on the ice, where they can be seen from the survey aircraft. 

Three separate aerial surveys were conducted over the Bering Sea 
pack ice in Aprill976, with the common objective ofdescribing the 
distribution and density of the several species of pinnipeds residing 
there. Surveys were conducted over 1) the eastern Bering Sea by the 
National Marine Fisheries Service (H. W. Braham), 2) the ice front 
in the southeastern and southcentral. Bering Sea by the Alaska 
Department of Fish and Game (J. J. Burns), and 3) the western 
Bering Sea by the Pacific Institute of Fisheries and Oceanography 
(G. A. Fedoseev). Although these surveys were conducted inde
pendently of each other, they were coordinated for purposes of 
obtaining maximal areal coverage and compatible data. Because the 
ice cover was more extensive than normal, we hypothesized that the 
distribution of the pinnipeds also would be near its maximum in 
extent. The aerial surveys conducted at that time offered an unusual 
opportunity to test that hypothesis. The purpose of this paper is to 
report on the combined results. 

NATURAL IDSTORY OF THE 

SPECIES SURVEYED 


The distribution and movements of the ice-associated pinnipeds 
in the study area are closely linked with the advance and retreat of 
the pack ice (Burns 1970; Fay 1974). A major part of the Pacific 
walrus population migrates from the Bering Sea into the Chukchi 
Sea from April to June; they return to the Bering Sea in October to 
December (Belopol'skii 1939; Nikulin 1941; Fay 1982). In winter, 
the entire population is distributed throughout the Bering pack ice, 
but tends to concentrate in outer Bristol and Kuskokwim Bays and in 
the north-central Bering Sea near St. Lawrence Island (Kenyon 
footnotes 5, 6). Because they feed mainly on bivalve mollusks, 
walruses normally remain in waters <100m deep, which coincides 
with the usual distribution of pack ice over the continental shelf. 
The young are born mainly in May, during the northward migration. 

Ringed seals occur throughout the pack in the Bering Sea, with 
highest densities in areas of shore-fast ice (Fedoseev 1965; Johnson 
et al. 1966; Burns 1970, 19737 ). This is the smallest of the ice
associated pinnipeds and it generally is solitary, congregating only 
during the molt in May-June. The subadults which have wintered in 
the Bering Sea begin to migrate northward in April; the adults and 
pups migrate later (Burns 1970, unpubl. data). During the winter, 
the highest concentrations of breeding adults occur 5-40 km 
offshore in the fast ice zone; juveniles and subadults tend to occur 
farther offshore (Tikhomirov 1966a; Burns 1970, footnote 7). The 
pups usually are born in the first week of April in snow lairs on fast 

5Kenyon, K. W. 1960. Aerial surveys of marine mammals in the Bering Sea, 23 
February to 2March 1960 and25-28April1960. Unpubl. rep., 39p. U.S. Bur. Sport 
Fish. Wildt., Seattle, WA 98115. 

"Kenyon, K. W. 1972. Aerial surveys of marine mammals in !he Bering Sea, 6-16 
Apri11972. Unpubl. rep., 79 p. U.S. Bur. Sport Fish. Wildt., Seattle, WA 98115. 

7Burns, J. J. 1973. Marine mammal report. Project report, Fed. Aid Wildt. 
Restor., Vol. XIII, 44 p. Alaska Dep. Fish Game, Juneau, AK 99802. 

ice, stable pack, or in pressure ridges (McLaren 1958; Burns 1970; 
Smith and Stirling 1975), hence the pups and attendant adults 
generally are not visible from the air during April. 

Ribbon seals are unique to the North Pacific, occurring mainly in 
the Bering and Okhotsk Seas (Shustov 1965). Two "reproductive 
groups" in the Bering Sea were identified tentatively by Fedoseev 
and Shmakova (19768 ), one in the western and the other in the 
eastern zone. Nevertheless, Fedoseev's (1984) craniological com
parison suggests that considerable intermixing ofthese groups takes 
place. In April, ribbon seals characteristically occur on floes in the 
ice front, where they give birth to their pups from western Bristol 
Bay to within 50km of the Soviet coast (Shustov 1965; Tlkhomirov 
1966a, b; Burns footnote 7; Fay 1974). Late spring concentrations 
have been reported in Anadyr Gulf and near St. Lawrence Island 
(Tikhomirov 1966a). 

The spotted or larga seal, an ice-associated relative of the coastal 
harbor seal, frequents the ice front during winter and spring, with 
the greatest numbers within 25 km of the irregular southern edge of 
the pack. This seal is the most abundant species of the ice front in 
southeastern Bering Sea (Tikhomirov 1964). Although present 
throughout the front, the adults tend to congregate in eastern, 
central, and western zones. During April, the adults occur as 
isolated pairs, each with a single pup .(Tikhomirov and Kosygin 
1966; Burns et al. 1972); later, during the molt, they congregate in 
small herds and move northward to coastal and estuarine habitats in 
the northern Bering and Chukchi Seas. 

Bearded seals are widely distributed throughout the Bering Sea 
pack ice in winter and spring, occurring principally in-waters <200 
m deep, wherever polynyas, leads, and thin ice persist (Burns 1970). 
In April, most bearded seals are solitary, except for females with 
pups; occasionally several seals may rest on the same floe. Highest 
densities in the pack ice have been reported near St. Lawrence 
Island, southeast of St. Matthew Island, south of Nunivak Island, 
and in Anadyr Gulf (Kosygin 1966). Local abundance may be 
related to availability of food (Tikhomirov 1964). The northward 
migration of bearded seals is underway in April (Burns 19679 ); they 
later move northward into the Chukchi Sea with the retreating ice. 

METHODS 

Eastern Bering Sea Pack Ice Survey 

The National Marine Fisheries Service (NMFS) survey covered 
the northeastern Bering Sea on 13, 15, 19-23 April and southeastern 
Bering and Bristol Bay on 6, 8, 9, 12, 13, 15, 17-19 Aprill976 (Fig. 
2). Strip census methods were applied, as described in Eberhardt 
(1978). Initially, the survey was stratified using randomly selected 
strips along lines of latitude 3 nmi (5.6 km) apart. Subsequently, 
strips were chosen systematically and the surveys flown to delineate 
further the areas of animal abundance (Krogman et al. 1978 10). 

Stratification methods were used in the analysis to reduce the 
variance when estimating abundance. 

8 Fedoseev, G. A., and G. G. Shmakova. 1976. Some results of investigations of 
spatial structure of ribbon and larga seals of the Bering Sea. Unpubl. rep., 9 p. 
Special Meeting Marine Mammal Project, US-USSR Environmental Protection 
Agreement, Moscow. 

"Burns, J. J. 1967. The Pacific bearded seal. Alaska Dep. Fish Game, Juneau, 
66p. 

1°Krogman, B. D., H. W. Braham, R. M. Sonntag, andR. G. Punsly. 1978. Early 
spring distribution, density, and abundance of the Pacific walrus (Odobenus ros
marus) in 1976. Final report, R. U. 14,47 p. Outer Continental Shelf Environmental 
Assessment Program, NOAA Environ. Res. Lab., Boulder, Colo. 
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The survey aircraft were the turbo-jet powered Grumman 
Goose11 (N780) and the long-range Lockheed Neptune P2V 
(N48347). The P2V was used only on 13 and 15 April. Airspeed 
generally was 120-140 kn at survey altitudes of 100-350 m; most 
surveys were flown at about 135 m. A crew of four people was used 
for most surveys; there were two observers, one recorder, and one 
alternate. Crew members changed jobs hourly to reduce observer 
fatigue. The alternate observer periodically surveyed from the rear 
of the aircraft to test for observer bias (e.g., for the number of 
animals missed by forward observers or to validate species iden
tification). 

Information recorded included species, number of adults and 
pups, local time of sighting, position to 1 nrni2 (obtained from an 
onboard Global Navigation System, model GNS500), perpendicu
lar angular distance from aircraft to animal (taken with an optical 
clinometer, model Pm-5/360 PC, Suunto Instruments, Helsinki), 
animal activity, and environmental conditions, including weather, 
visibility, ice type, and ice cover. 

Sighting angles were recorded during surveys and were later 
converted to distance of the animal from the aircraft. When large 
concentrations of animals were encountered, their occurrence 
within different "sectors" of a strip transect were noted. Each of 
those sectors was 0.25 statute mile wide (0.4 km), as follows: A= 
0-0.25 mi; B = 0.25-0.5 mi; C = 0.5-0.75 mi; D = >0.75 mi. 
Since observers could not see directly below the aircraft, sector 
boundaries were offset to each side of the aircraft (approximately 
15°) during flights made in the Grumman Goose. Sector boundaries 
for all flights were delineated by the clinometer. In this report, 
density estimates of pinnipeds other than walruses were based upon 
only those sightings made within the first 0.25 mi strip on each side 
of the aircraft; total strip width therefore equaled 0.5 mi (0.8 km). 
For walruses, strip width equaled 1 mi (1.61 km). 

Southern Bering Sea Ice Front Survey 

The Alaska Department of Fish and Game (ADF&G) surveys 
were restricted to the ice front (Fig. 3). Their primary purpose was 
to determine the distribution and relative abundance of spotted 
seals. Flights were conducted on 8, 9, 11, 17, 19, 20, 21, and 23 
April 1976. The aircraft used was the P2V which had a large 
Plexiglas observation compartment in the nose. A crew of three 
persons usually occupied this compartment during the surveys; two 
were primarily observers, but one also recorded. The third person 
acted as a back-up observer whose function was to determine the 
proportion of seals not seen by the primary observers, to verify 
inclusion or omission of animals at the limit of transects, and to 
replace primary observers when fatigued. On most flights, a pri
mary observer counted on one side of the aircraft for 2 h, then 
counted on the other side for 2 h, then rested for up to 1h. Forward, 
lateral, and downward visibilities from the observation compart
ment were excellent. 

Survey procedures involved use of strip transects 0.5 nmi (0.93 
km) wide on each side of the aircraft, for a total strip width of 1 nmi 
(1.85 km). Angle indicators were mounted on each side of the 
observation compartment to limit the outer boundaries of the strip. 
The survey aircraft was equipped with a GNS500. To the extent 
possible, survey altitude in the P2V was maintained at 91 m. Lower 
altitudes were flown when necessitated by weather. Flight speed 
averaged 160 kn. 

11 Reference to trade names does not imply endorsement by any agencies rep
resented by the authors. 

Information recorded included species and number of animals 
sighted, group size, animal activities, ice types, weather, local 
time, and navigational information. Animal sightings were re
corded continuously in 1 min time intervals. 

The P2V flight strips on 8, 9, and 11 April were selected at 
random. Those surveys on 17 and 19 April were along preselected 
flight lines designed to achieve a replicate, stratified, random .sam
ple in the recognized area of highest seal density. Systematic sur
veys, flown mainly in an east-west direction, covered the southern 
portion ofthe ice front on 20 April and the northern part on 21 April. 

Western Bering Sea Survey 

The Pacific Institute of Fisheries and Oceanography (TINRO) 
surveys involved extensive flights over the ice-covered regions of 
north-central and northwestern Bering Sea. Survey lines generally 
were oriented north-south and covered all ice types from the front to 
Bering Strait. Surveys were flown on 12-15, 17, 19, and 21-26 April 
1976. The aircraft employed was a Soviet UL-14 equipped with 
standard navigation instruments. 

Marine mammals were observed from the left side of the aircraft 
by a single observer (Fedoseev) viewing through a bubble-type 
window installed in the compartment aft of the flight deck. This 
bubble window provided both vertical and horizontal visibility. The 
observer also was the recorder. 

Flight altitude was 200 m, with occasional descents to 100 m. A 
strip transect equal in width to the altitude of the aircraft was used. 
The outer limit of the transect was maintained by sighting a 45° 
angle from the observation window. All animals observed were 
recorded, but only those animals sighted within the strip were 
included in the analysis. 

Observation periods varied in duration, usually lasting 1 to 1.5 h, 
followed by a short rest period. Information recorded for each 5-min 
survey period included start and end time, start and end coordi
nates, distance covered, transect width, area surveyed, and kind and 
number of animals sighted. Ice type was recorded by a hydrologist, 
also on board the aircraft. 

Accuracy of the Counts and Identifications 

Only the animals sighted on the ice were included in the analyses, 
since pinnipeds in the water are difficult to identify from aircraft. 
Because the ability of the observers to sight animals on the ice was 
recognized as being impaired by fog and snow, the segments of 
survey strips covered during such periods of poor visibility were 
routinely deleted from the analyses. 

Walruses are easier to see from low-flying aircraft than are any of 
the other pinnipeds surveyed, but because they tend to congregate 
on the ice in dense herds, they are more difficult to count. In these 
surveys, most of the small groups ( < 20) were believed to have been 
counted accurately, but the numbers in the larger groups mostly 
were estimated in round numbers. 

The sightings of ringed seals probably were the least precise 
because these seals are the smallest and the most shy (i.e., most 
disturbed by aircraft) of any of the pinnipeds surveyed. Even under 
the best of conditions, the numbers sighted on the ice in April 
probably will be only a very small fraction of the numbers present, 
since many of the animals (particularly females and pups) at that 
time haul out in lairs under the snow, where they cannot be seen 
from the air. 

Ribbon seals usually react only slightly to the presence of air
craft, frequently remaining on the ice, even when the plane passes 
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directly overhead. They are easily identified by their characteristic 
method of locOmotion, as well as by their distinctive coloration. 
During April, most of the ribbon seals sighted on the ice probably 
are adult females and pups; adult males tend to remain in the water at 
that time. The pups are more difficult to sight than are the adults 
because of their smallsize and white coloration. 

Spotted seals also are easily identified by their locomotion, col
oration, and the fact that the ad~ in April generally occur as pairs 
on the ice, usually with a white-coated pup. These seals are more 
disturbed by the aircraft than are the ribbon seals, hence tend to 
move more rapidly and in a straight line to the water. Because ofthis 
motion, the pups usually can be seen, despite their small size and 
coloration. 

Bearded seals are readily seen and identified from the air, because 
of their large size. They usually are not frightened, often remaining 
on the ice even when the aircraft passes directly over them. Most of 
those sighted in April probably are subadults, which occur singly, 
and adult females with pups; adult males tend to be in the water at 
that time. 

Analytical Methods 

Data from the TINRO surveys were computer-plotted directly as 
numbers of animals sighted per 5-min time segment of each tran
sect. Data from the NMFS and ADF&G surveys were plotted as 
numbers Of animals sighted per 1-min of time within each 10' X 10' 
(0.3 km X 0.3 km) block of latitude and longitude. Where more 
than one survey strip crossed a 10' X 10' (0.3 km x 0.3 km) block, 
the data were averaged to give equal weight to the survey effort in all 
blocks. 

The data were stratified by the method developed experimentally 
by Krogman et al. (footnote 10). Estimates of regional density and 
abundance were computed only from the NMFS surveys by 
"Method I" of Estes and Gilbert (1978): 

(1) R= Iy; I Ix; 

where R = density of animals per square nautical mile 
Yi number of animals in the ith survey strip 
x; = area of the ith survey strip 

where Sj = variance ofR 
n = number of survey strips 

(3) 1;, = iu 

where 1;, animal abundance in stratum 
A total area of stratum 

(4) V(Ty) = A(A - Ix;)SA 

where V<:l;,) = variance of:Z;,. 

Average group size was calculated as: 

where G = average group size in stratum 
0; = number of observations ( = groups in the ith survey 

strip) 

where S 2 = group size variance. 

Abundance estimates with 95% confidence int~rvals were gen
erated for each region covered by the NMFS surveys. Confidence 
intervals were calculated as: 

(7) i' ± t.os<iw v'VQ). 

The notation t.OS(Z)V refers to the critical value oft where alpha (a) 
= .05 (1-a = .95) based upon a two-tailed test with V degrees of 
freedom. Degrees of freedom were calculated as the total number of 
survey strips minus the number of strata. 

RESULTS 

In the northern Bering Sea, walruses were concentrated to the 
west and north of St. Lawrence Island, in a pattern suggesting 
movement through Anadyr Strait (between St. Lawrence Island and 
the Chukchi Peninsula), toward Bering Strait (Figs. 4, 5). The 
numbers north of St. Lawrence Island apparently were greater than 
had been reported previously in this month by Kenyon (footnotes 5, 
6). Kenyon's April surveys showed the highest concentrations in 
this region to be southwest of St. Lawrence Island and in Anadyr 
Strait. The overall density of animals in the St. Lawrence Island 

area in April1976 was 2.77±0.77 (mean± SD) individuals/nmi2 

(Table 1, unstratified estimate). Data from the TINRO surveys in 
that area suggest that the abundance estimate from the NMFS 
surveys of 25,320±9,744 (mean ± 95% confidence interval) ani
mals was conservative (Krogman et al. footnote 10). 

Walruses were conspicuously absent in the central Bering Sea 
from lat. 59° to 63°N, as well as in Norton Sound and north oflat. 
65°N. The ice in those areas was considerably more compact than it 
was to the north and west of St. Lawrence Island and in Bristol Bay. 

Walruses were found in the southeastern part of the Bering Sea, 
particularly from the Pribilof Islands to Bristol Bay. Highest den
sities were found 1) around the Pribilof Islands, 2) east of the 
Pribilofs, approximately 10-40 km north of the ice front, 3) south
west of Cape Newenham, and 4) in outer Bristol Bay (Figs. 4, 6). 
Walruses were nearly absent from inner Bristol Bay, including 
Round Island, a traditional summer haulout site. Densities also were 
lower along the ice front than deeper in the pack, indicating that 
walruses prefer the heavier pack. 

Walruses were most dispersed in Bristol Bay (Table 2) than near 
St. Lawrence Island (Table 1). The density estimate (unstratified) 
for Bristol Bay was 0.82±0.22 animals/nmi2• An abundance esti
mate of 30,358±13,933 (95% CI) was derived from the NMFS 
survey area (Table 2), to which an additional1,319 animals should 
be added for the areas covered exclusively by the ADF&G surveys 
(Krogman et al. footnote 10). 

Ringed Seals 

In the northern Bering Sea, ringed seals were found to be most 
closely associated with shorefast and dense pack ice, except just 
west of St. Lawrence Island (Figs. 7, 8). Along the Soviet coast, 
they were most abundant in the ice of the eastern Chukchi Peninsula 
and were numerous also in the southwestern Anadyr ice massif, 
where the pack ice is characteristically very dense, and in 
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Table l.-Walrus statistics from NMFS aerial surveys conducted 13-23 April 1976 in northern Bering Sea. Data were treated by stratified and unstratified methods. 

Estimated 

No. of walruses counted Average group size total/stratum
Stratum 1 Percent 

Groups/nmi2 

Density area of area No. of Individuals Animals No. of Variance 

stratum (nmi2 ) sampled transects Total per nmi2 Variance per group Variance No. groups Variance walruses (X 106 ) 

6,683 5.00 12 32 0.10 >0.00 6.40 21.71 0.03 >0.00 641 0.12 
2 394 14.57 6 12 0.21 0.01 3.00 1.83 0.07 >0.00 82 >0.00 
3 315 19.28 3 66 1.09 0.59 4.13 3.03 0.26 0.03 342 0.05 
4 3,945 10.90 13 698 1.62 0.20 8.13 3.12 0.20 >0.00 6,401 2.74 
5 1,343 5.44 267 3.66 0.82 20.54 124.92 0.18 >0.00 4,908 1.40 
6 133 14.63 2 254 13.09 195.59 18.14 88.27 0.72 0.45 1,736 2.94 
7 86 8.69 2 250 33.30 1,102.89 125.00 625.00 0.27 O.D7 2,876 7.51 
8 44 17.40 2 451 59.39 3,522.23 56.37 I, 765.64 1.05 !.II 2,592 5.54 
9 87 13.06 3 750 65.69 425.86 83.33 600.00 0.79 O.D7 5,742 2.83 

Total 
stratified 13,030 46 2,780 25,320 23.13 
Unstratified 12,878 7.80 17 2,780 2.77 0.60 17.94 12.05 0.15 >0.00 35,622 91.96 

'Areas were approximated by straight line integration, thus minor discrepancies exist between sum of strata and total unstratified region. 

Table 2.-Walrus statistics from NMFS aerial surveys conducted 6-15 Apri11976 in southeastern Bering Sea. Data were treated by stratified and unstratified methods. 

Estimated 

No. of walruses counted Average group size total/stratum
Stratum' Percent 

Groups/nmi2 

Density area of area No. of Individuals Animals No. of Variance 
stratum (nmi2 ) sampled transects Total per nmi 2 Variance per group Variance No. groups Variance walruses (X 106) 

1,472 5.32 0 0.00 0.00 0.00 0.00 0 
2 1,772 5.62 7 0.01 >0.00 1.00 >0.00 18 >0.00 

8,037 6.27 15 !3 0.03 >0.00 1.86 0.31 0.01 >0.00 207 0.00 
4 18,063 8.82 37 298 0.19 >0.00 5.05 1.83 0.04 >0.00 3,378 1.54 
5 3,895 14.09 36 7!2 1.30 0.06 3.61 0.21 0.36 >0.00 5,054 0.81 
6 652 9.67 4 124 1.97 0.65 2.70 0.18 0.73 0.07 1,282 0.25 
7 272 6.97 2 81 4.28 13.20 4.05 1.38 1.06 2.15 1,163 0.91 
8 556 5.02 2 273 9.80 46.46 21.00 120.21 0.47 0.05 5,441 13.64 
9 370 6.22 2 302 13.12 37.72 20.!3 73.20 0.65 0.05 4,854 4.84 

!0 167 8.71 2 344 23.99 284.42 10.42 35.85 2.30 0.78 3,947 7.03 
!I 110 5.78 2 290 45.72 1,791.73 18.13 27.59 2.52 5.45 5,014 20.30 

Total 
stratified 35,364 1!2 2,438 30,358 49.32 
Unstratified 35,230 8.40 32 2,438 0.82 0.05 5.99 0.63 0.14 >0.00 29,014 58.80 

1Areas were approximated by straight line integration, thus minor discrepancies exist between sum of strata and total unstratified region. 

Karaginskii Gulf (Fig. 8). Ringed seals were not numerous probably move southward with the advancing pack ice in late 

offshore, except to the west of St. Lawrence Island (Fig. 7), where winter, away from the preferred breeding habitat in the north. 

many were seen in a rather narrow band associated with thin ice. 

The mea.'1 group size(± 95% CI) north oflat. 60°N was 1.20±0.08 Ribbon Seals 

(Table 3). 


In southeastern Bering Sea, ringed seals were present from north Apparently, ribbon seals were absent north of lat. 61 °N, except in 
of the Pribilof Islands to outer Bristol Bay, mainly well north of the one location southwest of St. Lawrence Island (Figs. 10, 11) but 
ice front (Figs. 7, 8, 9). Densities were low and group size south of were abundant from the Prlbilof Islands west to Olyutorskii Bay 
lat. 60°N was 1.04±0.02 (Table 3). Those seen 15 to 50 km offshore (Fig. 12). Most of these were situated from the ice edge to about 100 
probably were immature or nonbreeding animals. These animals km north. The distribution appears to have been continuous, with 

Table 3.-Comparative statistics for ribbon and ringed seals from NMFS aerial surveys conducted 6-23 April in northern and southeastern Bering Sea. 

Estimated 

Stratum Percent 
No. of seals counted Average group size total/stratum 

Species and area of area No. of Individuals Seals 
Groups/nmi2 

No. of 
stratum (nmi2 ) sampled transects Total pernmi2 Variance per group Variance No. groups Variance seals Variance 

Ribbon seals, 

southeastern 35,441 4.21 32 9 0.006 >0.00 1.13 0.016 0.005 >0.00 214 5,236 
Ribbon seals, 

nort~ern 13,54 7 3.76 18 0 0.000 0.00 0 0.000 
Ringed seals, 
southeastern 35 ,44! 4.2! 32 25 0.017 >0.00 1.04 0.002 0.016 >0.00 594 66,549 
Ringed seals, 
northern !3,547 3.76 18 30 0.059 0.002 1.20 0.040 0.049 O.Dl 799 326,959 
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no major clumping of breeding groups into eastern and western 
segments, as suggested by Fedoseev and Shmakova (footnote 8). 

Density estimates generated from the NMFS surveys were ex
tremely low (Table 3). No estimates were generated for areas cov
ered by the ADF&G and TINRO surveys. 

Spotted Seals 

Although virtually absent from the northern Bering Sea, spotted 
seals were widely distributed in the ice front from Bristol Bay to 
Karaginskii Gulf (Figs. 13, 14, 15). The highest densities were in 1) 
outer Bristol Bay, 2) central Bering Sea from about long. 175°W to 
180°, and 3) Karaginskii Gulf. Density estimates (stratified) from 
the NMFS surveys in the Bristol Bay region ranged from about 0.05 
to 6.3 seals/nmi2 , with a mean (not stratified) of0.37±0.06 (Table 
4). Densities clearly were greatest in the ice front, decreasing 
northward into the pack ice. Seals collected by Burns (unpubl. data) 
in the Bristol Bay concentration in March 1976 were principally 
subadults, suggesting that there is some age-segregation at that 
time. The larger groups there also included a few harbor seals, 
which are abundant in the nearshore zone of that area. 

Bearded Seals 

These seals were nearly ubiquitous in the Bering Sea pack ice but 
apparently were concentrated in three or four areas: I) To the west 
and north of St. Lawrence Island, 2) in southwestern Anadyr Gulf, 
3) about 40 to 60 km north of the ice front in the central Bering Sea, 
and 4) in the area between the Pribiloflslands and Bristol Bay (Figs. 
16, 17, 18). A few were sighted also along the Koryak coast and in 
Karaginskii Gulf. Densities computed from the NMFS surveys were 
higher in the northern than in the southern areas (Tables 5, 6). 

Overall Relative Abundance 

As is apparent from the foregoing descriptions of the distribution 
of each species, the pinnipeds of the Bering Sea pack ice were not 
uniformly distributed. Each species tended to be most abundant in a 
slightly to extremely different part of the pack ice than did the 
others, presumably because of different habitat requirements and, 
perhaps, interspecific competition for food or space. For walruses, 
ringed seals, and bearded seals, the centers of abundance were well 

Table 4.-Spotted seal statistics from NMFS aerial surveys conducted 6-15 April 1976 in southeastern Bering Sea. Data were treated by stratified and unstratified 
methods. 

Estimated 

Stratum• Percent 
No. of spotted seals counted Average group size Groups/nmi2 total/stratum 

Density area of area No. of Individuals Variance Seals Variance Variance No. of Variance 
stratum (nmi2 ) sampled transects Total per nmi2 (X 10-3) per group (x w- 3) No. groups (x w- 3) seals (X 106) 

I 5,872 3.34 12 9 0.046 0.1 1.50 11.7 0,03 >0.0 269 0.02 
2 8,475 4.03 22 18 0.053 >0.0 1.20 1.1 0.04 >0.0 446 O.o3 
3 14,762 4.02 30 41 0.069 >0.0 1.58 1.6 0.04 >0.0 1,020 0.08 
4 382 5.05 3 2 0.121 1.0 1.00 0.0 0.12 1.0 40 >0.00 
5 217 17.08 6 7 0.189 0.8 1.40 6.0 0.14 0.4 41 >0.00 
6 581 3.41 2 7 0.354 4.8 1.75 22.9 0.20 0.9 206 0.02 
7 240 4.55 2 4 0.366 I. 7 1.33 II. I 0.28 0.3 88 >0.00 
8 214 8.60 4 7 0.380 2.7 lAO 6.0 0.27 1.1 81 >0.00 
9 2,530 6.45 19 84 0.515 1.0 1.59 1.0 0.33 0.3 1,302 0.06 

10 733 3.74 2 27 0.985 1.0 1.23 0.8 0.80 0.2 722 >0.00 
II 108 9.60 4 12 l.I61 54.2 2.40 6.0 0.48 7.3 125 >0.00 

12 476 2.97 3 27 1.909 106.9 2.08 5.7 0.92 11.2 909 0.24 
13 385 3.92 2 54 2.577 241.9 1.46 2.0 2.45 113.6 1,377 0.34 
14 666 6.06 8 254 6.290 492.4 4.62 74.6 1.36 15.9 4,190 2.05 

Total 
stratified 35,587 119 553 10,876 2.84 
Unstratified 35,441 4.21 32 552 0.370 3.3 2.21 4.4 0.17 0.3 13,125 39.79 

1Areas were approximated by straight line integration, thus minor discrepancies exist between sum of strata and total unstratified region. 

Table 5.-Bearded seal statistics from NMFS aerial surveys conducted 12-23 Apri11976 in northern Bering Sea. Data were treated by stratified and unstratified methods. 

Estimated 

Stratum• Percent 
No. of bearded seals counted Average group size Groups/nmi' total/stratum 

Density area of area No. of Individuals Variance Seals Variance Variance No. of Variance 
stratum (nmi2) sampled transects Total per nmi 2 (x w- 3) per group (X J0-3) No. groups (x w- 3) seals (X 103) 

3,580 5.66 18 7 O.o35 >0.0 1.00 0.0 0.04 >0.0 124 1.6 
2 6,642 2.13 9 II 0,078 0.1 I. 10 1.0 O.o? 0.1 516 43.3 
3 2,738 3.96 8 14 0.129 0.3 1.17 1.3 0.11 0.2 354 26.6 
4 189 2.40 2 2 0.440 407.8 1.00 0.0 0.44 407.8 83 142.3 
5 43 8.70 2 2 0.537 0.0 1.00 0.0 0.54 0.0 23 0.0 
6 221 8.80 2 8 0.822 6.6 2.00 100.0 0.41 1.7 182 3.1 
7 86 6.53 3 5 0.893 3.1 1.67 11.1 0.54 0.0 77 0.2 
8 131 5.81 3 7 0.918 41.6 1.75 22.9 0.53 13.6 120 6.8 
9 129 4.34 2 6 1.067 >0.0 1.50 8.3 0.71 1.6 138 >0.0 

10 43 8.70 2 10 2.682 260.2 2.00 10.0 1.34 65.0 115 4.4 

Total 
stratified 13,802 51 72 1,732 228.3 

Unstratified 13,547 3.76 18 72 0.141 0.1 1.35 1.0 0.10 >0.0 1,917 186.6 

1Areas were approximated by straight line integration, thus minor discrepancies exist between sum of strata and total unstratified region. 
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Table 6.-Bearded seal statistics from NMFS aerial surveys conducted 6-15 Aprill976 in southeastern Bering Sea. Data were treated by stratified and unstratified 
methods. 

Estimated 

Stratum' Percent 
No. of bearded seals counted Average group size Groups/nmi2 total/stratum 

Density 
stratum 

area 
(nmi2) 

of area 
sampled 

No. of 
transects Total 

Individuals 
per nmi 2 

Variance 
(x w-•> 

Seals 
per group 

Variance 
(x w-•> No. groups 

Variance 
(x w-•> 

No. of 
seals 

Variance 
(X 10") 

14.040 4.07 34 12 0.021 >0.0 1.20 1.8 0.02 >0.0 295 29.4 
2 5,974 3.71 27 5 0.023 >0.0 1.00 0.0 0.02 >0.0 135 2.7 
3 5,883 3.44 19 5 0.025 >0.0 1.00 0.0 0.03 >0.0 145 5.6 
4 4,586 4.15 18 9 0.047 >0.0 1.13 1.6 0.04 >0.0 217 6.6 
5 382 I 1.45 11 4 0.091 0.2 1.00 0.0 0.09 0.2 35 0.3 
6 269 14.01 6 6 0.159 0.3 1.20 4.0 0.13 0.2 43 0.2 
7 165 5.90 2 2 0.205 4.0 2.00 0.10 34 1.0 
8 1,535 7.40 18 24 0.211 0.3 1.09 0.8 0.19 0.3 324 7.4 
9 471 3.87 2 4 0.219 0.7 1.00 0.0 0.22 0.7 103 1.4 

10 218 6.34 2 4 0.289 7.4 1.33 11.1 0.22 2.7 63 3.3 
11 322 7.28 4 7 0.298 0.4 1.17 2.8 0.26 0.3 96 0.4 
12 110 4.98 2 2 0.365 10.3 1.00 0.0 0.37 10.3 40 1.2 
13 641 8.19 11 21 G.400 1.5 1.17 0.8 0.34 1.1 256 5.7 
14 495 4.35 2 9 0.418 2.2 1.00 0.0 0.42 2.2 207 5.1 
15 374 4.35 6 8 0.491 1.1 1.14 2.0 0.43 1.4 184 1.5 
16 157 2.91 2 8 1.748 308.4 2.67 277.8 0.66 43.4 275 71.8 

Total 
stratified 35,622 166 130 2,452 145.9 
Unstratified 35,441 4.21 32 124 0.083 >0.0 1.16 0.3 0.07 >0.0 2,948 367.6 

1Areas were approximated by 11traight line .integration, thus minor discrepancies exist between sum of strata and total unstratified region. 

inside of the pack ice; those of the ribbon and spotted seals were in 
the ice front itself. 

Within the ice front, the spotted seals showed essentially three 
centers of abundance, in the southeastern, central, and southwest
ern sectors, whereas the ribbon seals were centered primarily in the 
west-central front zone (Fig. 19). In the inner pack ice, walruses 
were centered in the southeastern and north-central sectors, as had 
been shown previously by Kenyon (footnotes 5, 6). 

The ringed seals were abundant in patches in the southwestern, 
northern, and southeastern sectors, mainly outside of the areas 
inhabited by the walruses. Bearded seals were most abundant in the 
southeastern, central, and northern sectors in and around the areas 
occupied by both the walruses and the ringed seals. 

Compartmenting the surveyed area into six sectors, in which the 
survey effort was approximately comparable, we find that the 
ringed and bearded seals and walruses all showed their greatest 
abundance within the same (north-central) sector, and that both the 
ribbon and the spotted seal were most abundant in the west-central 
sector (Table 7). Although walruses and spotted seals were the two 
most frequently sighted species in the southeastern sector, each was 
more abundant in another part of the Bering Sea pack ice; similarly, 

Table ?.-Comparative abundance of pinnipeds sighted (no./min.) in relation 
to location in the Bering Sea pack ice, April1976.1 

Sector of pack ice' 

South- East- West- South- North- North-
Pinniped eastern central central western central western 

Walrus 1.2-76.0 1.2-8.2 0.2- 1.0 0 0.6-197.5 0.4-1.3 

Ringed seal 0.2- 1.6 0.2-0.8 0.2 0.2- 1.0 0.2- 4.4 0.2-0.6 

Ribbon seal 0.2- 0.6 0.2-0.9 0.2- 6.0 0.2- 1.2 3.0 0 

Spotted seal 0.4-22.0 0.4-7.0 0.4-24.5 0.5-11.9 0 0.4 

Bearded seal 0.2- 2.2 0.2-0.9 0.2- 3.0 0.5- 1.0 0.2- 5.0 0.2-3.0 


'Data from all surveys, combined. 
•southeastern = long. 160° to 168°W, south of lat. 6l 0 N; East-central = long. 

168° to 174°W, south of lat. 61°N; West-central = long. 174°W to 176°E, south 
of lat. 61°N; Southwestern = long. 176° to 162°E; North-central = long. 168° to 
176°W, north of lat. 61°N; Northwestern = long. 176°W to 178°E, north of lat. 
61°N. 

ribbon and ringed seals showed centers of abundance in the south
western sector, but each was more abundant elsewhere. 

DISCUSSION 

The winter pack ice of the Bering Sea is by no means a uniform 
covering over the water, nor is the marine environment beneath it of 
uniform physical or biotic composition (Hood and Calder 1981). A 
wide variety of ice and aquatic habitats is available here, as is 
indicated by the unusual diversity of marine mammals inhabiting 
this region (Fay 1974). Because the margin of the ice was exception
ally far south in April1976, extending to the edge of the continental 
shelf in the eastern Bering Sea and well beyond it in the west, the 
variety ofhabitats available to these mammals was even greater than 
normal. The partitioning of those habitats among the five species of 
ice-associated pinnipeds, therefore, probably was about maximal at 
that time. 

The actual densities of pinnipeds in each sector of the ice cer
tainly were greater than could be estimated from the counts along 
the survey strips, for only the animals that were lying on the ice were 
included in the computations. At all times, some proportion of the 
animals is in the water, swimming, feeding, or courting, where only 
a small proportion of them can be seen from the air. For this reason, 
each of the estimates of abundance certainly is very conservative, 
and the degree of conservatism differs greatly between species. For 
example, the probability is very high that a much lower proportion 
of the ringed seals than of any other species was on the ice, and a 
much higher proportion of walruses and spotted seals. Therefore, 
comparison of estimated densities among the five species within 
any given region or overall is not a reliable indicator of their relative 
abundance. Nevertheless, the estimated densities of a given species 
in different areas probably can be relied on as approximations of 
that species' relative abundance in each area. 

Nearly all of the walruses which were sighted during the several 
aerial surveys described in this and earlier reports were situated in 
the north-central sector near St. Lawrence Island, and in the south
eastern sector, between Bristol Bay and the Pribiloflslands. During 
the winter, these are major areas of ice formation and divergence, 
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where leads and polynyas are plentiful (Burns eta!. 198012), and the 
benthic food supply presumably is adequate. Ringed and bearded 
seals, like the walruses, also were situated for the most part well 
north of the southern border of the pack ice, but they were more 
widely distributed, presumably because of their greater ability to 
make and maintain breathing holes in even the denser parts of the 
pack. The distribution of the bearded seal!), in general, overlapped 
those of both the walruses and the ringed seals to a high degree but 
extended also into a broad sector of the western ice where neither of 
the other two species was sighted. Earlier, Braham et a!. (1977 13) 

had indicated that the mean group size of bearded seals in the 
northern Bering Sea was significantly larger than in the southeastern 
sector, implying that more of the northern animals were pairs of 
adults. Reevaluation of those data, however, indicates no difference 
between sectors. 

Most ofthe ringed seals sighted during our surveys pmbably were 
immature or nonbreeding individuals, for the breeding adults in this 
month (April) mainly inhabit the shorefast ice and haul out only in 
lairs beneath the drifted snow (Fedoseev 1965; Burns 1970; Smith 
and Stirling 1975). The presence of these seals in considerable 
numbers in the southeastern sector of the Bering Sea pack ice is 
reported here for the first time. Previous information from that 
region by Kosygin (1966) from shipboard surveys in Apri11962 and 
1963, indicated that they were absent there. Their regular presence 
was confirmed, however, by several shipboard sightings from the 
icebreaker CGC Glacier in April1971 (J. J. Burns, unpubl. data) 
and by numerous shipboard sightings from the ZRS Zvyagino in 
February-March 1981, during joint Soviet-American investigations 
of marine mammals.14 

The predominant inhabitants of the outer 200 km of the pack, all 
across the Bering Sea, were the ribbon and spotted seals, whose 
preferred pupping habitat appears to be in the "front" zone, just 
inside the southern edge of the pack ice (Burns eta!. 1972, footnote 
12). The front is made up of more or less rectangular floes, about 10 
to 20 m in diameter, which are formed from larger fields of ice by the 
action of sea swells. Ribbon seals were found throughout the front, 
from Bristol Bay to Karaginskii Gulf, but were most abundant in the 
west -central sector, over deep waters south of the continental shelf. 
Spotted seals also were widely distributed in the front but tended to 
be concentrated only in those parts which were situated over waters 
about 200 m or less in depth, i.e., along the Koryak-Kamchatka 
coast, in the central sector, and in southern Bristol Bay. A high 
proportion of those in Bristol Bay appeared to be immature and 
nonbreeding animals, with which were mixed a few harbor seals. 

Pinnipeds were scarce to absent in the ice over most ofthe eastern 
Bering Sea shelf, north of lat. 60°N, as noted in previous surveys by 
Kenyon (footnotes 5, 6). That region, which comprises most of the 
inner shelf oceanographic domain, appears to be shunned in part 
because of its dense, heavy ice cover (McNutt 1981); it may be little 
used also because of poor secondary production of zooplankton, 
ichthyoplankton, and benthos on which forage fishes and the pin
nipeds themselves might feed (Alton 1974; Motoda and Minoda 
1974; Waldron 1981). 

12Burns, J. J., L. H. Shapiro, and F. H. Fay. 1980. The relationships of marine 
mammal distributions, densities, and activities to sea ice conditions. Final report, 
R.U. 248/249, 172 p. Outer Continental Shelf Environmental Assessment Program, 
NOAA Environ. Res. Lab., Boulder, Colo. 

13 Braham, H. W., R. D. Everitt, B. D. Krogman, D. J. Rugh, and D. E. Withrow. 
1977. Marine mammals of the Bering Sea: Preliminary analysis of distribution and 
abundance, 1975· 76. Processed rep., 90 p. Northwest and Alaska Fisheries Center, 
National Marine Fisheries Service, NOAA, Seattle, WA 98115. 

14 F. H. Fay, Associate Professor, Institute of Marine Science, University of. 
Alaska, Fairbanks, AK 99701, pers. commun. Apri1198l. 
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Figure 2.-Computer plot of aerial survey strips flown over eastern Bering Sea by NMFS scientists in April1976. Dots depict corners oflO x 10 minute latitude 
by longitude cells which were overflown by the aircraft. 
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Figure 4.-Computer plots of walrus density from NMFS aerial surveys 6-23 Aprill9'16. 
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Figure 10.-Computer plot of ribbon seal density from NMFS aerial surveys, 6-23 April1976. 
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Figure 12.-Computer plot of ribbon seal deusity from TINRO aerial surveys, 12·26 Aprill976. 
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Figure 13.-Computer plot of spotted seal density from NMFS aerial surveys, 6-23 Apri11976. 
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Figure 15.-Computer plot of spotted seal density from TINRO aerial surveys, 12·26 Aprill976. 
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Figure 16.-Computer plot of bearded seal density from NMFS aerial surveys, 6-23 Aprill976. 
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