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I. Summary

This is the final report of a 3-year study intended to develop a program of
monitoring abundance of ringed seals in Alaska through aerial surveys. In
this report, results of aerial surveys of ringed seals on the shorefast ice
of the eastern Chukchi Sea and Beaufort Sea in May-June 1987 are ·reported
and compared with results of similar surveys conducted in 1985 and 1986.

Surveys were flown at approximately 130 knots in a Twin Otter aircraft
equipped with bubble windows, GNS-500 navigation system and a radar
altimeter. Counts of hauled-out seals were made during late May and early
June along a series of ,transects oriented east-west (Chukchi Sea) or
north-south {Beaufort Sea) . Observers (usually 2) each counted seals in a
strip transect either 1,350 ft (300 ft altitude) or 2,250 ft (500 ft
altitude) wide. .

The selected data base in 1987 included 4,317 nmof trackline and 2,166 nm 2

of area (both fast· and pack ice) actually surveyed. In the Chukchi Sea,
between Kotzebue Sound and Point Barrow, 16% of all fast ice was surveyed;
in the Beaufort Sea we surveyed 14% of all fast ice between Poi nt Barrow
and the U~S.-Canada Demarcation line. Coverage was similar to that in 1985
and 1986.' '

The density of seals on the fast ice in 1987 was highest in the Chukchi Sea
from Kotzebue Sound to Point Lay; mean density was 4.0 seals/nm2 • Density
in the n6rthern Chukchi Sea was considerably lower (2.6 seals/nm2 ). In the
Beaufort Sea, the observed density of seals was lowest between Barrow and
Lonely (3.1' seals/nm2 ), much higher between Lonely and Flaxman Island (8.1
seals/nm2 ) and between Barter Island and the U.S.-Canada Demarcation line
(7.7/nm2 ), and highest between Flaxman Island and Barter Island (12.0
seals/nm 2 ).

, '

Replicate surveys were conducted at 300 ft and 500 ft altitudes in 1986 and
1987 to determine whether density estimates at different altitudes were
comparable. For 5 systematic altitude comparisons, the 500-ft density of
seals at holes was 76% of that determined at 300 ft, or,conversely, 1.32
times more seals were counted at 300 ft. Based on these data, all density
estimates for seals at holes which were made from counts conducted at 500
ft were multiplied ,by a correction factor of 1.32. Only corrected data
were used in inter-annual and geographic comparisons.

Comparisons of experienced and inexperienced observers indicated that
counts by inexperienced observers were usually 5%-42% lower. Counts of
different experienced observers were comparable. Tests using 2 experienced
observers counting a single strip suggested that 'a single~ trained ob'server
sees about 82% of the seals hauled out on the ice. This is a relatively
high proportion compared to estimates for other species in different
environments, but nonetheless means that density estimates for hauled-out
seals based on aerial surveys by experienced observers are probably low by
at least 18%. This does not include seals that are in the water and cannot
be counted.

Analysis of the relationship between the variance of the mean and the
number of transects selected demonstrated that the variance dropped rapidly
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until approximately 50% 'of all pos ible transects were selected from the
database, after which the varianc declined gradually. Analysis of the
combined Chukchi-Beaufdrt data ba~e indicated that cove~~ge of 60% of all
possible transects redJced varianc~ in data sets to reasonable levels, but
that coverage of ~O%: resulted i~ considerably greater precision. The
variance was lowest fon seals at hol s.I. . ,

I i

For 1985-1987, the smallest 95% cJn idence :limits for density of seals at
holes occurred in sectdrs C1, B1, ~ d B3 (±9%-23%). Confidence limits for
the Beaufort Sea as a ,whole were ;t.~-10% for seals at holes and ±14%-33%
for all seals; comparable values Tor the Chukchi Sea were ±9%-13% and
±1l%-13%. I, ,

The relationship between ice defor~ tion and seal distribution and density
was quite consistent frpm year to ye r; seals were less abundant in rougher
ice (>20% deformation).: Even afte'r data were adjusted to express density
in relation to area of iflat ice onlY, seals were more abundant in areas of
lower deformation. Thi~indicates It at area? of flat ice were preferred.

I

Ringed seals were genetally less ~ lundant within 2 nm of the coast than
they were farther from shore, par;tl cul arly in the Chukchi Sea where the
coastline is simple wi~h no offshor~ barrie~ islands. In the Chukchi Sea
there was no clear oved:fll pattern lim density relative to distance from the
fast ice edge for 1985-1987. In the Beaufort Sea prior to the beginning of
breakup, seals were le~s abundant In ar the ,edge. After the ice began to
crack, densities within 4 nm of the dge were as high as 12 seals/nm2 , with
most seals occurring albngcracks, and decr~ased rapidly b6th toward shore
and s~award. ,We believe this incne se in density is due to an influx of
seals from other areas into the hi9',hi y, fractured b'oundary zone between fast
and pack ice, rather than a rediStribution of seals from immediately
adjacent areas. !' , ,

I

Inter-annual variations in densities recorded for pack ice were large.
Much of, the pack ice surveyed f was' near the fast ice edge, where
distribution changes m,ark,edly as "teakuP begi ns, and probably was not
typical of the pack icd as a whole!. In, the Beaufort Sea, density in pack
ice decreased with dis tance from t e edge, and the dens ity of seals at
holes appeared to stabil ize about 1~,.Jnm from ,the edge at, abo,ut 1 seal/nm2

•

In all sectors of the qhukchi Sea,! he density of total seals in the fast
ice was 1.6-1.7 times greater in f 86 than in either '1985 or 1987. The
total estimated number lof seals anid"'195% confidence limits in the Chukchi
Sea ranged from-18,400 ~ 1,700 in 1~~5 to 35~000 ± 3,000 in 1986. The 1987
estil!Jate of~0,200 ±[ 2,300. wasJ similar to, 1985. Densities were
conslstently hlgher souyh of POlnt ~fY than to the north.

In the Beaufort Sea, an~ual and ge6g aphicvariations in density were less
regular. Survey timin~ relative it breakup differed among years; 1986
surveys oC,curred before bre,akup, 1~~7 surveys occurred after beginning of
breakup, and 1985 surveys were mixed The densities in all sectors except
B1 were 'higher in 1986 than in 19 5. For the area between Barrow and
Flaxman Island, the density of to al -seals increased from 2.7 to 3.5
seals/nm2 from 1985 to ~986, and t6e estimated number of seals within the
20-m depth contour from 9,800 ± Ii, 00 to 13,000 ± 1,600. In 1987, the
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density and the estimategj\lWJn.~er_ of se,a.l,s,J.ot';, that area were considerably
higher, 5.24 seals/nm2 ana·~9~400 ± 3,700 ledl~, but this probably included
seals that had moved in from other preas as ice began to break up.

Observed changes in group size, the percent of seals at cracks, and
distribution relative to the fast ice edge in 1985-1987, in combination,
suggested that a substantial influx of ringed seals into the Beaufort Sea
occurrep as the ice began to crack and break up. Before breakup, group
size was about 1.3 seals/group, increasing to 1.6 or more seals/group later
on. Similarly, during breakup the percentage of seals at cracks increased
from less than 20%-30% of total seals to often more than 50%.

Industri~l activity in the Beaufort Sea from 1985-1987 consisted mostly of
construction and ,operation of artificial islands. There was a steady
decline in activity from 1985, when both seismic exploration and artificial
island activity were underway, to 1987 when there was little or'no offshore
activity in the study area. Our data indicate that in 1985-1986 there we're
no apparent broad-scale effects of industrial ac'tivity that coul d be'
measured by aerial surveys. However, while aerial surveys are useful in
monitoring long-term trends in abundance over large areas, they are not
well-suited to detecting" small-scale differences in geographically
restricted areas. The 1985-1987 aerial survey data do not el iminate the
possibility that local effects may occur which would more appropriately be
detected by other techniques, or that regional effects could occur at
greater levels of industrial activity.

II. Introduction

A. Study rationale

Ringed seals (Phoca hispida) ~re a major ecological component of the arctic
and subarctic marine fauna. Their importance to northern peoples living on
the shores of ice-covered seas has been well described by Smith (1973:118)
as ·follows: "This medium-sized hair seal .•• has provided the primary
and most constant source of protein and fuel for the coastal dwellers since
the development of the Eskimo maritime culture some 2,500 years ago."
Despite' a trend in recent years toward decreased hunting in some areas,
many thousands of ringed seals are still harvested annually in the U.S.,
U.S.S.R~, and Canada (Lowry et al. 1982; Davis et al. 1980).

Ringed seals are the major, prey of polar bears (Ursus maritimus) (Smith
1980; ADF&G unpublished), and in some areas they may be significant sources
of food for arctic foxes (Alopex lagopus) (Smith 1976), and walruses
(Odobenus rosmarus) ,( Lowry and Fay 1984). Ri nged seals prey on small
fi shes and ,crustaceans (Lowry et a1. 1980) and may compete for food with
other pinnipeds (Lowry and Frost 1981) as well as sea birds, arctic cod
(Boreogadus sa fda), and bowheadwha1es (Ba1aena mys t i cetus) (Lowry et a1.
1978; Frost and Lowry 1984). An understanding of patterns of ringed seal
abundance and distribution and the factors which influence ~observed

patterns is esSential to understanding ecological processes and
interactions in waters of northern Alaska.

Factors' limiting the abundance of ringed seals are poorly known. In some
areas ,the combined removals by polar bears and humans may equal the
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sustainable yie'ld of liocal populatljOnS (Smith 1975). Habitat attributes
such as food availability and icecohditions undoubtedly affect ringed seal
numbers and productivi~y, but the,. ctual mediating factors are far from
clear (Stirling et al. , 1977; Lowry et ale 1980; Smith and Hammill 1981).
Human activities such as those assO iated with exploration and development
of offshore oil and gas' reserves maya 1so influence ringed seal numbers.

I i

In recognition of their: ecological Ii portance and the possibil ity that they
may be impacted by: human acttv ties, ,the Outer' Continental Shel f
Environmental, Assessmert Program i OCSEAP), has, since 1975, sponsored
studies of the biology and ecology ,0 ringed seals in Alaska. Studies have
addressed basic biological paramete',r (Burns: and Eley 1978; Frost and Lowry
1981), food habits and trophic relationships (Lowry et al. 1978, 1980,
1981a, b; Lowry, and; Frost 1981) distribution, characteristics, and
utilization of ringed ~eal lairs ( urns an~ Kelly 1982; Burns and Frost
1988; Kelly et ale 1986), and dist ibutionand abundance of seals hauled
out duri ng the molt (B'urns and El e 1978; Burns et a1. 1981a; Burns and
Kelly 1982). These stu!dies have ai s , to some extent, addressed the issue
of possible effects o~ Outer Co~ inental , Shelf (OCS) exploration and
development activities \:In the distr'i ution, density, and behavior of ringed
seals (Burns et ale 1Q81a; Burns a d Kelly 1982; Burns and Frost 1988;
Frost and Lowry in press; Kelly eta. 1986;;Kelly'etal. in press).

In 1984, the N'ational Oteanic and At~osPheriC Administration (NOAA) and the
Minerals Management Seri~ice (MMS) ~e~uested the submission of proposals to
begin a program of monitoring the Ir~nged s~al population off Alaska with
particular attention td possible ef~ctsof: DCS activities. The contract
was awarded to the Ala~ka Departm~n of Fi~h and Game (ADF&G), and work
began on 1 January 1985. In Feb uary 1985, a research protocol was
developed by ADF&G and finalized in: onsultation ,with NOAA and MMS. During
the period from Januar:-y to June I 985, riinged seal aerial survey data
collected by ADF&G during 1970-19 4 were reanalyzed. Results of the
analyses, including plo~s of all t~a sects and rirtged seal sightings, were
submitted to NOAA and MMS in a progr ss report in July 1985, and have been
incorporated, as approp'r;ate, in g~ graphical and temporal comparisons of
ringed seal distributio~ and abundan1e in this report (Frost et ale 1985!).
B,ecause these earlier surveys were," conducted using different methodology
and less accurate navigation, and i the Chukchi Sea were flown on much
later dates and therefore in differ nt ice conditions, their utility was
1imited to very genera l!compari sons ~ I .
Ringed seal aerial survyys based U~Ot the design ~pecified by the research
protoco1 were flown duri ng May and June of 1985, 1986, and 1987. The
surveys were satisfacto1rily complete and the data have been analyzed to
determine factors affecting survey Ic unts, regional and temporal trends in
ringed seal' abundancd, habitat! actors' affecting distribution and
abundance, and the effects of ind strial activities on seal density.
Results of 1985 and 1986 aeri a1 s:u veys were presented in Frost et a1.
(l985b, 1987). The resul ts of 1987 surveys, as well as comprehens i ve

'analyses of the three :years of sUr eys combined, are presented in this
final report. '[
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Although some consideration has been given to the possibility of censusing
ringed seals from ships during the summer open-water season (McLaren 1961),
aeri a1 surveys have become the standard census method in recent years
(e~g., Burns and Harbo 1972; Stirling et al. 1977 and 1981! and~; ~ingsley

et al~ 1985). Since ringed seal surveys are flown in late spring~ aspects
of the biology of seals that influence their distribution during that
period are' particularly significant for the design of surveys and the
interpretation of results. ' ,

'B. Background on ringed seal biology . _
:,~~1;:~:.~t:;;'.{,:i;)~~i . -\-''': ~/'A>;,'I1~,~~;~'" ~

The· distribution of ring~d·seals in Alaskan waters is strongly correlated
to that of sea ice (Burns 1970; Fay 1974). In the Bering, Chukchi, and
Beaufort seas, ~inged seals are most abundant in association with seasonal
ice, although they occur in multi-year ice in the far north polar region.
The seasonal expansion and contraction of the sea ice habitat requires that
a significant proportion of the population is "migratory" while, during the
same annual cycle, other animals may be relatively sedentary or undertake
only short seasonal movements. The dynami cs of these seasonal movements
are poorly known. Marking studies undertaken in the Canadian Beaufort Sea

·have demonstrated both local and long-distance (e.g., to Alaska and
Siberia) movements (Smith and Stirling 1978; 1. G.Smith, pers. commun.).

During summer and eqrly autumn ringed seals are abundant in nearshore ice
remnants in the Beaufort Sea and in the pack' ice of the Chukch i and
Beaufort seas (Burns et al. 1981~; Frost and Lowry 1981). They also occur
in ice-free waters of the Beaufort Sea and in open water close to the ice
edge in the Chukchi Sea. Wi th the onset of freeze-up, many ri nged seals
move southward and are common in grease and slush ice in areas south of the.
advancing pack. They become increasingly abundant in' the coastal zone
throughout autumn and early"winter. In mid-winter they are abundant in the
Chukchi Sea,. Bering Strait,. and northern Bering Sea. They occur as far
south as Nunfvak Island and Bristol Bay,depending on ice conditions, ina
partic'ular year, but are generally not abundant south of Norton Sound
except in nearshore areas (Lowry et al. 1982). By about mid-March,
directional movements are no longer apparent. During March and April,
adult seals are occupied with establishing and maintaining territories,
bearing· and nurturing pups, and breeding. Partitioning of habitat based on
age, sex, reproductivest~tus, ora combination thereof apparently occurs
during late winter and spring, with adults predominating in and near the
fast ice, subadults in the flaw zone, and both occurring in driftind pack
ice (McLaren 1958; Fedoseev 1965; Burns et al. 1981b). Few ringed seal s
are found in the ice front and fringe zones at the southern extent of
seasonal, sea ice in the Bering Sea (Burns et al. 1981~).

Northward movement, mainly by subadults, begins in April and is well
underway by May. Adults migrate as the fast ice breaks up, pups remain in
the ice remnants or move into the adjacent pack, and immature animals are
most numerous in the pack. Many ringed seals pass through Bering Strait in
May and June. A small proportion of the population, mainly juveniles, may
remain in ice-free areas of the Bering and southern Chukchi seas during
summer, but most move farther north with the receding ice (Burns et al.
1981Q; Lowryet al. 1982).
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II I. Objectives

Although cra~ks may fdrm occasion~lly in areas covered by shorefast ice,
seals are basically d~pendent on ~breathing, holes for access to air from
about November until M~y or June.: hese holes may be initially formed by
breaking through thiniice with the head or, nose~ but as the ice thickens
they are kept open by ~brading with front flipper claws. Since many seals
may surface in crack~ and lead~ whenever they occur, the pattern of
freeze-up may greatly jnfluence the ultimate distribution pattern of seals
in the sho~efast ice (~ee Smith et:al. 1978~ fig. 4).

, i

As the winter progresses, snow mayl ccumulate over some or all ofa seal IS

breathing holes. Deeper snow drif s ·form principally on the leeward and
windward sides of pressure ridges ~nd hummoiks, r~sulting in snow depths of
1 to 2 meters. Someti~e during the winter, seals will enlarge one or more
of their breathing hol~s to a diame er large enough to allow them to haul
out onto the surface of the ice and excavate a lair. The minimum depth of
snow required for lair formation is 20-30' cm (Smith' and Stirling 1975;
Burns and Kelly 1982; Burns and Frost 1988). ', l ' '

,
Lairs are of 2 basiq types--haul ut lairs which are single-chambered
structures usually more or less ov,ai in shape; and pupping lairs which are
more c6mplex structure~, usually ~i1h sever~l chambers and 1 or more side
tunnels. Lairs are us~dfor resting as well as social functions such as
the birth and c~re of ~ups. Char~c eristics and dimensions of lairs have
been well descri bed I:>y Smi th and Sti rl i n'g (1975) and Burns and Frost
(1988). I 'i
As day length and tempJrature incrJa e in the spring, increasing numbers of
ringed seals appear hauled out :n ar breathing holes or lairs. This
hauling-out is ,associa[ted with th:e annual molt which occurs in May-July
(McLaren 1958). The numbers of s~ ls seen hauled out in particular fast
ice areas.varies with~ the normal' chronology of hauling out of resident
seals, as well as possible influxes lof sealS from adjacent areas. McLaren
(1961) first recognized that timi~g of the haulout period varies with
latitude, and that thelpeak of ha~l ut occurs progressively later in more
northerly areas. Smith and Hammil~ (1981) working at Popham Bay (64°17 I N)
recorded seals hauled Qut as early:a 9 May, with:peak densities reached on
1 June in part of the ~tudy area.' In another portion of their study area
peak densities were not reached until 21 June, possibly due to an
immigration of seals.: Finley C1 79) watched seals at Freemans Cove
(7,5°06 I N) and Aston Bay (73°43 I N). The haulout began in this region in
early June, with the m~ximum numbe~ of basking seals counted on 22 June in
Freemans Cove and 29 June in Aston aYe He thought the late June peak at
As ton Bay, which occutred on the: ast day; of the study, was due to an
i nfl ux of sea 1s from tins tab1e ice I reas. Off the north coas t of Alas ka ,
Burns and Harbo (1972) [found that ~'e maximum nu~bers of seals were hauled
out in the second and.third weeks of June.

I '

il
-[ I

An understanding of pa~terns of ri~g d seal abundance and distribution, and
the factors that influence observed 'batterns, is essential to understanding
ecological pr?,cesses artj'd in.teracti:o~~ in waters of nor,ther.n Alaska. ~h~s
research proJect was deslgned to address those questlons. Speclflc
objectives were to: i"
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1. identify temporal and,),spatial trends ,in ringed seal abundance and
relate these to currer(t'~~ri«(histor:ic"popQlationstatus;

2. . identify habitat attributes that affect the distribution and abundance
of ringed seals;

3. compare the distribution and abundance of ringed seals in areas
subjected to industrial activities and in appropriate control areas;
where appropriate, rna ke recommenda ti ons for mi ti ga ti ng any adverse
environmental effects;

4. develop, implement, and refine a monitoring protocol for long-term
studies on the distribution and abundance of ringed seals in Alaskan
coas ta1 wa ters.

IV. Methods

A. Study area

In 1985-1987 aerial surveys were conducted over the shorefast ice and some
areas of adjacent pack ice_of the Chukchi and Beaufort seas from southern
Kotzebue Sound north and east to the U.S.-Canada border. _The study area
was divided into 11 sectors that corresponded to those used in previous
surveys and reports (Burns and Harbo 1972; Burns and El ey 1978). Sector
boundaries corresponded to easily identifiable landmarks' such as capes,
points, villages, or radar installations (Figure 1). The only sector
boundary that has changed since the first surveys in 1970 is the one
between sectors B3 (Olikto~ to Flaxman) and B4 (Flaxman to Barter Island).
That line was moved from Bullen Point to mid-Flaxman Island during the
analysis of data from the early 1980's because of confusion between Flaxman
Island and Flaxman Airforce Base, a name used on some older charts for
Bullen Point (Burns et al. 1981a; Burns and Kelly 1982). The mid-Flaxman
boundary was used in analysis of ·1985-1987 data and was also incorporated
in any re-analysis of historical data.

Shorefast ice begins to form along the coast in October or November as day
length shortens and air and water temperatures cool. In some years, when
weather is cold and calm, freezeup may occur quite rapidly, resulting in
extensive areas' of flat, shorefast ice. In other years when storms occur
during freezeup or temperatures fluctuate greatly, freezeup may occur over
a more extended period and result in shorefast ice containing rubble
fields, hummocks, and pressure ridges. These areas accumulate snow and are
suitable for the excavation of ringed seal lairs.

Freezeup commences earliest in most northerly areas, occurring as soon as
early October in the Beaufort Sea, and progressively later' to the south.
In northern Bering Sea, freezing of the shorefast ice may not occur until
mid- to late November. Conversely, breakup occurs earliest to the south
and progresses northward. In 1arge embayments, 1ike Kotzebue' Sound,
shorefast ice may remain until June, melting and rotting 'in place~. Along
the open Chukchi Sea coast, cracking and breaking of the shorefast ice
usually begins in mid- to late May, compared to early to mid-June along the'
Beaufort Sea coast. There is considerable annual variability in the
progression of freezeup and bre~kup.
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The shorefast ice' grows in thi ckness and extent throughout the wi nter,
until about April or May, depending on' l'ai'titude. Its seaward extent
deperids on coastal topography, bathymetry, and weather as they affect the
ridging, grounding, and, therefore, stability of the ice, but generally
coincides roughly with the 20-m contour (Stringer 1982). Near major
promontories, such as Cape Lisburne, the shorefast ice may extend only a
mile 'or two, in contrast to the' central Beaufort Sea where it extends tens
of miles. '

Contact between the shorefast ice and the drifting ice is marked by a
well-defined shear line (Reimnitz and Barnes 1974) or less distinct shear
zone (Burns 1970; Shapiro and Burns 1975). In the Chukchi Sea by mid-May,
the interface between shorefast and pack ice is well defined by the open
water of the Chukchi polynya (Stringer 1982). In the Beaufort Sea at the
time of our surveys in June, the seaward extent of the shorefast ice is
less obvious, consisting of a fairly broad zone of large pressure ridges'
created when the pack ice impinged on the edge of shorefast ice. There are
often large expanses of attached ice seaward of this zone'of ridge~, which
form a temporary extension of the shorefast ice (Shapiro and Barry 1978).

As the ice begins to break up in June, the attached fast ice is the first
to break off, followed by sequential cracking and breaking at ridge systems
progressively closer'to shore. Thus, what is part of the "attached"
shorefast ice one day may be detached and part of the drifti ng pack ice,
just a few days later. '

B. Aerial survey design

Surveys of 10 sectors (all those shown in Figure 1 except C3) were flown
between 21 May and 16 June during the 3 years 1985-1987, beginning with the
southernmost sector in Kotzebue Sound and proceeding north and east.
Surveys in the Chukchi Sea generally occurred during late May and thos~ in
the Beaufort Sea during early June.

Surveys were condOcted between 1000 and 1600 hrs true local time to
coincide with the time of day when maximal numbers of seals haul out (Burns
and Harbo 1972; Smith 1975;, Finley 1979; Smith and Hammill 1981). This
,diel pattern follows daily fluctuations in temperature and incident
radiation (Finley 1979). On a few days when survey conditions were
cons idered excellent, the survey wi ndow was .extended to 1700 to allow
completion of a sector. '

The aircraft used was a Twin Otter equipped with over-sized, custom, bubble
windows, auxiliary internal fuel tank, radar altimeter, and GNS-500
navigation system. An on-board data recording system, which was linked to
the GNS-500 and radar altimeter, was used to mark time, altitude, and
latitude and longitude at beginning and end points of each transect~ as
well as other positions of interest. The aircraft and data-recording
system'were provided by NOAA. All surveys were flown at an indicated
airspeed of approximately 120 knots, and true ground speed of 110-130
knots. In the Chukchi Sea, most surveys were flown at 500 ft altitude in
1985 and 1986. In 1987, sector C1 was surveyed at 500 ft. All other
sectors in the Chukchi Sea (C2-C6) were flown at 300 ft because of
extensive surface meltwater which made seals difficult to 'see at 500 ft.
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In the Beaufort Sea. ~ow cloud Ce~lingS and persistent fog necessitated a
survey altitude of 300\ft in all ye rs. In;some sectors (Cl, C6, and Bl),
some lines were flown ~t altitudeS f both 1300 ft and ,500 ft to enable an
assessment of the effect of altitudeon surv:ey results.'i ' I I I

, ,I I "

Three scientific persobnel participated in i each :survey:a navigator who
recorded weather, ice: conditions~ and na~igationalinformation, and 2
observers stationed o~ either side of ther aircraft just forward of the
wings. On some days, the navigator or a fo~rth person served as a back-up
observer. Each observ~r counted ~h seals in the strip ~n his or her side
of the aircraft. Strip width \V~ried according to! altitude and was
determi,ned,b,y inclino~eter angles, hichwe,'re in,',dicated," by marks on the
wi ndows. At 500 ft t t~e transecd egan 0.\125 nril out from the centerl i ne
and extended out to O.~ nm for ani ffectivewidth of 0.375 nm (2,250 ft).
At 300 ft, the inclin:ometer angles remain~d the same and the effective
strip width was reduced to 0.225 nm (1,350 frt) (Figure 2).

t I ,;
Within sectors, transedts Were flown along l~nes bf latitude in the Chukchi'
Sea and longitude in t~e Beaufort Se . The positions of the shoreward ends
of all transect 1ines Iwere verif~,·~ld against US,$S ~opographic m,aps a,s a
check on the accuracyl of the GNS. In th~ Chu~chl Sea, transects were
intended to bea standa'rd 16 nm 10 g, or in sector Cl, from one shore of

I , "

Kotzebue Sound to thel other. Be,c use the shor'efast ice band was very
narrow in some areas, land the 1earl be tween i fast: and pack ice as much as
50 nm wide, many transJcts were, ih fact, cbnside~ably shorter than 16 nm.
In the Beaufort Sea, t~ansect lengih was 24-~6 nm: Inmost sectors (except
those with extensive open water) se eral transects were7 extended to 40 nm
offshore to provide additional cov!elage of the pack ice. The edge of the
fas t ice along transects w,as recortled duri:ng the survey whenever it was
identifiable. In thos~ instances ~hen it was not~ the edge was determined
based on satellite pho~ographs tak~n during ~he same time period. The data
were coded accordingly.! ,f > t ' '

j ! I, i
The survey was flown I according to, a stratified random strip transect
design. Transect line~ were spaced lapproximately 2 nmbetween centerlirtes
(2 minutes of latitude, 6 minutes of longitude); ,within each sector,
approximately 60% of the possibl~ transects were randomly selected and
flown. Replicate surve~s were flo~n ,in somelsectdrs on one or more days.

',I ~ I i,

Al'I data were record.ed!bY I-minutJ interval:s. When the airc~aft came on
transect, the naVlga,tor called! a mar~ to: observers; all three
simultaneously started digital .1s opwatches. 'Each observer recorded
siqhtings, or other' obs1ervations, b

l
minute', on data sheets. The ending

time of each transect w1as not~d to Itne nearest sec~nd., ,

All seal shauled out ol the i ce wer~ i denti!fied to species (either 'ri nged
or bearded (Erignathusl barbatus) seals), counted" and noted as being by
ho~es or cracks. Seal~i at differerljtl holes .wrre cO,untedas separate groups,
whl1e those around a slrgle hole w~r~ consld~red ~s part of the sa~e ~roup.
When seals were seen spaced out.alohg crack;s, the total number wlthln the
transect was recorded rather than ,a isting bf individuals. In addition to
seals. all I'olar bear" polar jb ar tratks. ,be1ukhas (De1phinapteru,
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ringed seal aerial surveys:
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1eucas), and bowhead whales were 'r corded, as was any evi dence of on-i ce
human activity such as; artificial i~lands, seismic trails, ice roads, and
drill ships.

.I

Four ice variables were recorded; I,t pe, cover, deformation, and meltwater
(Table 1). Type was classified as ither fast ice or pack ice. Cover was
recorded' in octas (eighths) and ,w s in almost all instances 8 octas.
Deformation and meltwaiter were es't mated by percent coverage; categories
included 0%-5%, 5%-10%, 10%-20%, and thence by 10% increments to 100%. Any
ridging, drifts, or jumbled 'are~s were considered deformed ice. The
meltwater category inc'uded overfl,o from river runoff as well as actual
standing meltwater. I

I

1 I ,

Weather reports ,were obtained ati egularintervals from flight service
stations' at the airpott facil iti~s"l nearest to the area being surveyed.
Variables recorded included air t~mperature, wind speed and direction,
visibility, and cloud Gover (Tablel ). Not~tions were also made by survey
personnel regarding 10c:a1 visibili1t and c1pud cover at the beginning and
ending points of each; 1ine. In, a dition, .wind~and telTlperature readings
were obtained by the aiircraft at sur ey altitude. ,. I '
Coastal winds and temp~ratures wer~ sometimes sub~tantia11y different from
conditions off shore rat survey i i1titude, and neither may have ,been
representative of conditions on tbeice where the seals were hauled out.
The absence of open water in the fa t ice and the melted condition of the
snow usually precluded :the inferents of surfacewlnds from indicators such
as white caps or blowing snow. ~

C. Data analysis

Counts of seals at cracks and at holes were added separately for each
I-minute interval. Ending times' of transects were recorded to the nearest
second but rounded up :or down to; the nearest whole minute for analysis.
The lengths of transect lines were IC 1cu1ated from beginning and ending GNS
positions and divided Oy total elapsed time to obtain ground speed. The
area surveyed per minute interval: ras calculated by multiplying speed x
interval x strip width) Each minute interval therefore had assigned to it
1a. titude and 10n.gitude; (of the begitnning. po.·•. int),. area (nm 2

),. 1.oca1 time,
counts of seals at ho1~s and cracks, and lC. and weather condltlons. Each
minute block was assigned to a sect r by comparing its position to sector
boundaries. InadditiQn, the sho~t~st straight-line distances from shore
and from the fast ic¢ edge wer~ Idetermined fOr each minute block by'
comparing positions for each int~~va1 to digitized data files for the
coastline (based on US~S 1:250,000 Fopographic maps) and for the ice edge
(based on. e.ither actua;., fi e1d obs'elva ti ons or, i. n parts of the Beaufort
Sea, on satellite photographs). i .
Densities of seals we~e calculat~ using' the ~~tio estimator (Cochran
1977); i.e., number bf seals cbJnted divided by the area surveyed.
Variance of the densit~ was calcu~a ed using the model unbiased estimator
(Cochran 1977 , formula! 6.27) modifi d to account for total, sampling area
(Estes and Gilbert 197~). Sample 6nit was a survey leg or portion thereof
(e.g., minute interval)! that confo~m d to requirelT]ents of the analysis.

!
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Table 1. Environmental d~t'a"rec'orded during""Weria1 surveys.

Air temperature determined at nearest
weather station or by aircraft at survey
a1 titude •.

Distance from aircraft that observers can
see at survey altitude.

From nearest weather station or calculated
by aircraft GNS. Direction to nearest
degree true. Speed recorded as 0-5, 6-10,
11-15, 16-20, and >20 knots.

Cloud cover in octas (1-8) with ~ .
representing an obscured sky, and 0 a clear
sky.

Proportion of the ice surface covered by
water, including river runoff or standing
meltwater. Categories the same as for ice
deformation.

Proportion of the ice surface that is
deformed by broken ice,. ice j umb1es ,
pressure ridges, snow drifts; 0=0%-5%
deformed; 1=5%-10%; 2=10%-20%; 3=20%-30%,
etc.

Ice cover in octas (eighths). Ice of 8/8
coverage may have cracks and/or small .1 eads
in it.

Definition

0-9

Va1ue(s)

Fast Shorefast, anchored to the beach, solid
cover wi th or wi thout occas iona1 cracks,
pressure ridges, and shear lines.

Pack Ice drifting and separated from the fast
ice by a lead approximately parallel to the
shore, and/or a major shear zone.

0-9

0-9

0-8

·nmVisibil ity

Cloud cover

Meltwater

Wind speed/
direction

Temperature

Ice deformation

Variable

Ice cover

Ice type

I
I
I
I
I
I
I
I
I
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I 'Surveys;
I
tSurvey effort

v.

I

I ~
For each year, a se1ect'ed data bas~ was created for each sector , to be used
in geographic and in~er-annua1 'cbmparisohs. The selected data were
screened to eliminate qup1icate linelsand all transects flown in less than
optimal survey conditio~s (e.g., wtn~ speed ~20 knots, excessive sun gla~e,
fog or snow that reduc:ed visibilftY). ForT 1986;, when some surveys were
conducted both before l and after i~he beginning of breakup, only those
occurring before break~p were inc1utJed in the se1 ected data base. Other
non-selected data werei used. to aS'SlSS the [effects of parameters such as
altHude or date of survey on survey resultsl ,

, ' :, f"" ' .

Non-selected data inclu!ded transects flown i'n poor weather or at alternate
altitudes, replicate surveys of the' arne lines, and surveys occurring after
breakup had begun. r i '

- I I
I

Results of 1987 Ae~ial
!

A.
;

During aerial surveys iin May-June i987, we expended approximately 84 hours
of flight time in th~ successfully compl;eted sectors, divided almost
equally between the 8~aufort andl hukchi' seas. The aircraft flew an
estimated 10,080 nm dU~ing survey flights, of which approximately 6,000 nm
were on surv~y track11ne (Table 2). In the Chukchi- Sea, coverage was
greatest in sector Cl,!which had t e greatest a~ea of fast ice. In the
8e~ufort Sea, coverage iwas greatest I in sectprs. 81 and 83,~here rep1 icate
f11ghts were m~de to I compare res~lts at, d1fferent a1t1tudes, and to
investigate day-to-daYivariabilitYj in counts. In sectors Cl and C2,
several. s.ets. of rep1icar.e lines wer:.;,e flown t;o test the ef.fects O.f alti~ude
and of d1 fferent sun ang1 es on observer counts. 'In sector C6, all 11 nes
except one were, flown ~wice at the, arne altHude,' several days apart. In
sector 81, one set of 'I lines was 1~ll own twice at 300 ft altitude, 2 days
apart, and another set ~f 81ines ~as flown ionce at 500 ft and 3 ti~es at
300 ft, over a period of 11 days. !Muchof sector' 83 was surveyed tWlce at
300 ft, 5 days apart. Sector 85 was surveye~ comp;letely for the first time
in 1987. - In previous iyears, eit~e time :constraints or ice conditions
precluded its comp1etio~. :

If'
The selected data set from which de:n ity calculations for the fast ice were
made contained 186 transect lines; and an ,area 'of 1,517 nm 2 (Table 3,
Figure 1)., This repres1ented 62% of the tot~l number of possible lines at
2-nm intervals, and coverage by area of 16% of all fast, ice in the Chukchi
Sea and 14% of all fast i ice in the ~ aufort $ea study areas.

I ' ,
Factors affecting survey count~

, f' I

1. Observer comparis6ns - r J

During most surveys, alsingle expJr'enced, dbserver counted seals on each
side of' the aircraft. r Right- and~ Ileft-sid~ observers remained the same
tllroughout the survey I. p~riod. . ~rbm 22-2~ May!, severa.1 inexperien~ed
back-up observers partl1 C1 pated 1nl he surveys ~nd prov1 ded comparatlVe
counts. Rear observati~m posts did ot have: bubble windows but visibility
was otherwi se sati sfattory. Re'su ts of I' compari sons of primary and
secondary observ,ers are[presented ir Table 4

1
In all comparisons combined,
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Table 2. Dates, number of legs, miles on track, and total area surveyed
for each sector:*,,;duri ng ri nged I seaJ"aeri a1 surveys conducted
20 May-16 Jun~·1987. Table includes all data collected.
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Number and p~rcent of lin s surveyed, miles on track, and area
surveyed by [sector for senected data only, 1987. Only these
data were us:ed in denSiiy calculafions. '

! ' r i

. i

I.

I
I
I
I
I
I
I
'I
I
I
I
.1
I
I
I
I
I
I
I

Area surveyed (nm2 )

fast pack
i

I
i

58 ; 746 507 53
5Z : 360

,
63 99

73 •370 117 50
69 .346 156 0

I

50 ! 168 '76 0
I

64 : 430 161 32
62 ,591 227 38
61 603 112 ' 159
63 ,396 53 125
67 ,307 45 93

62 4,,317 1,517 649

!

t
I
I

I
r
i

'J
f

18
21
19
18

, 12

21
21
23
15
18

186

I'I
Number! % of 1ines Mil es on

of line~ in sedt r track (nm)
j

C1
C2
C4
C5
C6 '

B1
B2
B3
B4
B5

Sector

Table 3.

Total

":;,
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22 May 6 ' 213 35.5 144 24.0 t=5.02
df=5
p<0.01

23 May 22 382 ' . ' 17.4 309 14.0 t=2.67
df=21
p<0.02

6 149 24.8 125 20.8 t=4.00
df=5
p<0.02

24 May 20 175 8.8 142 7.1' t=2.26
df=19
p<0.04

17

Comparative counts of ringed seals made by primary and inexperienced
secondary observers, May-June 1987~
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Table 4.

Date
#

legs

Primary Observer

number x seals/
of seals leg

Secondary Observer

number x seals/
of seals leg

Paired
t-test
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Counts of left and right observers were cOlJlpared for each survey flight.
Left and right sides were significan ly different (p<0.05), as measured by
a chi-square test, on 10 of 29 fli~hts (Table 5). Some of the differences
were attributable to la~ge numbers b seals at cra~ks, and for others there
was no obv i ous exp1ana t i on. Overa 11, when all fl i ghts on a11 days were
combined, there was less than a 1% rdl'fferenc~ in. the total counts of seals
made by left' and right ,observers (6 553 vs 6,595); the difference was not
s~gnifican:: by eith.er _paired t o,rj Wilcoxon signed rank tests (paired
t-0.13, df-28, p>0.8, z,I.157, p>0.2 ns). . .

i
I

In 1987, spring weather had already begun melting snow on the surface of
the fast ice by the time our survey began. Unlike the 2 previous years
when little or no surface melt was present, in late May 1987 there were
extensive areas of dinty ice and eltwater. Because of this, survey
altitude in the Chukchi Sea was ie uced from 500 ft to 300 ft for all
sectors except Cl. ! .

I
1" f

In Sector Cl, which was! flown at 500 ft, 26% of the ice was classified as
having greater than 3P% meltwater The density of seals in 0%-30%
meltwate~ was 3.57/nm2 , ~ompared to~2 27/nm2 in greater than 30% meltwater.
In sectors C2-C4 combine!d, flown at:3 0 ft, the density in 0%-30% meltwater
was 4.95/nm2 , and in greater than 30% meltwater it was2.79/nm2 • Thus, 1.6
to 1.8 times as many Se~ls were coun ed in a~eas without extensive surface
meltwater. It is unkndwn whether 1 e lower densities ~ere due to fewer
seals on the ice or to qifficulty in seeing seals in areas with disruptive
coloring caused by meltw~ter.

i
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ounted ·78% as many seals as did
f 67% to 85% on individual flights.

Meltwater

Alti tude

inexperienced back-up: observers
experienced observers, with a range

I
I

Prior to 1987, all se¢tors in th~ Chukchi Sea were surveyed at 500 ft
altitude arrd those in the Beaufort Sea at 300 ft. In 1987~ due to advanced
melt conditions in the; Chukchi Se:al all Chukchi sectors except Cl were
flown at 300 ft." As in 'previous ye?,.1's. ' all ~eaufort Sea s,ectors were flown
at 300 ft due to the re~ularoccurrence of low cloud ceilings and/or fog.,
Porti ons of sectors Cl:and Bl were! urveyed, at both 300 ft and 500 ft to
determine comp~rability, of co~nts lalt the 2 altitudes. Test. lines were
flown consecutlvely at one altltude, and then, on the return fllght, at the
other. sm,all dif"ference••• s in time of tay and in lighting were considered to
have a negli~ible effect on results~ .

. ,
. t I

For all 1987 altitude ~omparisons, rensities of seals at holes based on
counts at 500 ft were 71%-76% of ;tlilose at 300 ft;· all,. comparisons were
statistically significa:nt (Table 6). For the 3 flights combined, the
500-ft density was 75% ':of that dete mined at 300 ft or, conversely,' 1.33
times as many seals/nm2 were counted t 300 ft as at 500 ft.

. I
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21 May 360 374 367 0.27 ns '
22 May 251 305 278 5.24 <0.025

151 186 168.5 3.64 ns
59 92 75.5 7.21 <0.01

23 May 16 12 14 0.57 ns
366 374 370 0.09 ns
149 181 165 3.10 ns

24 May 20 13 16.5 1.48 ns
16 12 14 0.57 ns

, '139 183 161 6.01 <0.025
28 May 167 217 192 6.51 <0.025

152 88 120 17.07 <0.005
29 May 71 77 74 0.24 ns
31 May 106 149 127.5 7.25 <0.01

93 112 102.'5 1. 76 ns
33 46 39.5 2.14 ns

2 June 269 276 272.5 0.09 ns
83 63 73 2.74 ns

3 June 392 462 427 5.74 <0.025
4 June 99 102 100.5 0.04 ns
5 June 108 101 104.5 0.23 ns

107 112 109.5 0.11 ns
6 June 575 605 590 0.76 ns
7 June 210 176 193 2.99 ns

553 499 526 2.77 ns
11 June 1.142 910 1',026 26.23 <0.005

69 62 65.5 0.37 ns
12 June 609 517 563 7.52 <0.01
13 June 188 289 238.5 21.39 <0.005

Total 6,553 6,595 6,574 0.13 ns

Table 5. Results of chi-squar~ analyses of the differences in counts
between 1eft an'dlfi ght'c'observers 'f6rl1987 ri nged sea1 surveys.

1 ns = not significant
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Survey date left
Number of seals

right expected
X2

(df=l)
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Table 6.
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Sector

I C1 .5/22

.. i

20

, ,
I

I
I
I'
I
'I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Student's
t-test

t=2.676
df=10
p<0.05

t=3.365
df=6
p<0.02

,t=3.19
df=10.
p<O.Ol

0.28

0.09·

0.351.91

2.23

0.7047

62

120
,

4

6

6

I

l.,
I

! .

I

I
1

!
I,
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I
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I
I

28

4

6

6

Comparison pf densities f ringed seals at holes derived from
surveys flown at 300 ftland 500!.ft altitudes. in sectors C1 and B1
during May-June 1987, fast ice only. . .

. . ..•... ! . : '1 ." ."
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. ~OO ft r I . I 500 ft
# of are~ seals/ is· I # of area seals/
1egs. nm 2 nm 2 dI 1eg's nm 2 nm 2 sd
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C. Habitat factors affecting distribution and abundance
~' ,

1. Ice'deformation

The percentage of the ice surface that was deformed by pressure ridges, ice
jumbles, or snow drifts was recorded by 10% increments for each minute of
all survey transects. The 0%-10% category was further subdivided as 0%~5%

or 5%-10% deformation.

In the Chukchi Sea in 1987,99% of all fast ice was less than 40% deformed,
and 79% was less than 10%. The density of seals was highest'
(4.6 seals/nm2 ) in the 0%-5% category, where 67% of the number of seals
occurred on 56% of the fast ice area, and decreased steadily with
increasing deformation (Table 7). Seal density in 0%-10% areas was over 1.
seal/nm2 greater than in the next deformation category. Ice in Kotzebue
Sound was considerably flatter than in more northern Chukchi Sea sectors.
Ninety-eight percent of all fast ice in sector Cl was ,less than 10%
deformed~ compared to 62% in sectors C2-C6. Cracks~ and therefore seals at
cracks, were not abundant in the Chukchi Sea. However, virtually all seals
at cracks occurred in ice of 0%-5% deformation. '

In the Beaufort Sea, the pattern of seal density in relation to 'ice
deformation was similar to the Chukchi Sea, with more seals occurring in
flat ice than in rougher ice. Ninety-nine percent of all fast ice was less
than 40% deformed, but, unlike the Chukchi Sea, only 41% was less than 10%
deformed. The density of seals was greatest in the 0%-10% category, where
48% of the seals occurred on 41% of the fast ice area (Table 8).' As in the
Chukchi Sea, the density of seals in 0%-10% ice was over 1 seal/nm2 greater
than in 10%-20% ice. '

Cracks were more numerous and more broadly distributed in the Beaufort Sea
than in the Chukchi Sea. The density of seals at cracks in the Beaufort
was greatest in 0%-5% deformation (3.48/nm2 ) and considerably less in other
deformation categories (1.27-2.25/nm2 ). Cracks are most often present and
visible in large expanses of flat ice.

2. Distance from shore and fast ice edge

The effect of distance from shore and from the fast ice edge on the density
of hauled-out seals was examined for each sector by comparing the density
of seals by 2-nm increments. In all comparisons in both the Chukchi and
Beaufort seas, seals at holes were 1ess abundant 0-2 nm from shore than
they were 2-4 nm off shore (Tables 9 and 10). In most sectors, the density
within 2 nm of shore was the lowest on any part of the fast ice.

A similar analysis of density with distance from the fast ice edge
indicated that in the Chukchi Sea, seals were, generally more numerous
within 0-4 nm of the fast ice edge than farther away (Table 11).' The
exception was sector C5, from Point Lay to Wainwright, were.seals were half
as abundant within 2 nm of the edge as elsewhere. Seals at cracks were
present in substantial numbers only in sector C4, and density was greatest
near the edge'. For all Chukchi Sea sectors combi ned, the density of seals
at holes on the fast ice was 28% higher within 2 nm of the edge than 2-4 nm
away (Figure 3A). This analysis excluded sector Cl,where distance from
the edge waS not applicable for most lines since all of Kotzebue Sound was
fast ,ice.
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Table 7. Ringed seal d~nsity (total seals) in, relation to ice deformation
in the Chukchr Sea in 1987 ' fast ice only.

I
,

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

6.88

6.03

6.41

5.31

4.67

4.09

1.85

Density
seals/nm2

0-5 ~00.7 18 693 I 23
i rI

5-10 125.7 2.3 758 25

126.4

I

l
1,451O-lO(combined) 41 48

I t
10··20 170.3 3:1 904 : 30

I 2[1
-,,

548 t20··30 [17.4 , 18
I

I30··40
I 82 31 34 . 2 ,6
I I " i

>40 r 5.4 f1
! 10 <1

I
,

I
2,995Total 553.7

i
I

\
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Table 8. ~inged seal d~nSity (tota'll~eals) in relation to ice deformation
,n the 8eaufort Sea (secttjS 81-84) in 1987, fast ice only.

Deformation Area s~rve~~ Seals
(percent) Inm2 perceit numbe~ percent

. Deformation I Area surVe'yJd Seals Dens ity
(percent) "nm 2 perceit number percent seals/nm2

I

i
I
f r

0-5 435.5 56.4 2,013 67.2 4.62
I

171.5
i

5-10 22.2 572 : 19.1 3.34
i I

O-lO(combined) ~07.0 I ?,585 :78.16 86.3 4.26,
II

10-20 124.0 160<1 324 , 10.8 2.61
I

20-30 31.5 4.1 73 2.4 2.32

30-40 6.4 o 8 7: 0.2 1.09.,

>40 2.9 0.:4 6 ' 0.2 2.07

771.8
,

Total 2,995
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Table 9. Density of ring~d seals at holes"6nVshorefast ice of the Chukchi
Sea in relation to distance from shore, May-Jun~ 1987.

Distance from Sector density (seals/nm2 )
shore (nm) C1 C2 C4 C5 C6

0-2 1.53 2.43 2.79 2.44 1.84

2..4 3.86 3.03 4.80 2.60 2.70

. 4-6 3.91 3.63 3.25 2.92 5.33

6-8 3.38 8.98 4.03 2.88 2.55

8-10 5.40 3.87 2.05 2.87 .

Table 10. Density of ringed seals at holes on the shorefast ice of the
Beaufort Sea in relation to distance from shore, May-June
1987.

Distance from Sector density
. 2

(seals/nm )
shore (nm) B1 B2 B3 B4 B5

0-2 1.40 1.91 . 2.75 3.08 5.66

2-4 2.10 3.00 2.89 3.55 5.47

4:"6 2.57 3.99 5.37 4.23 7.75

6-8 3.21 5.84 3.53 1.90 16.90

8-10 3.59 5.80 3.08 3.95
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Table 11. Density of lringedsealS at holes on shorefast ice of the Chukchi
Sea in rel~tion to distance fro~ the fast i~e edge, May-June
1987. f i

I ,

f

Distance i ,

from fast Secto~ densitv;{seals/nm2 )
ice edge (nm) CZ C4

I

C5 . C6 Total

I

0-2 8.82 4.33 1.29 3.35 4.20

2-4 3.68 4.13 2.56 3.54 3.48
l

4-6 2.41 3.46 2.62 2.11 2.66

6-8 2.13 3.10 2'.47 2.02 2.55

8-10 2.57 2.22 1.82 2.24

I
I
I
I
I
I
I
I
I,

I
I
I
I
I
I
I
I
I
I

B1-4

2~66 4.07 3.62 3.65
f

4~24 4.40 3.63 3.97, ,
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Density of !ringedseals at holes on snorefast ice of the
Beaufort S~~ in relati6n to distanc~ from the fast ice edg~,
June 1987. i
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Relationship between seal density (seals/~m2) and
distance from the fast ice edge in 1987. A - Chukchi
Sea, not including sector C1, B - Beaufort Sea,
sectors B1-B4.
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!,
In the Beaufort Sea (se~tors BI-B4), the den,sity of. seals at holes on fast
ice was highest withinl 0-6 nm ofl he edgei, and:was similar across that
entire region (Tabl~ 12). Seals a~ dracks w,re abundant only in sectors B3
and B4, but they, too, :were most num~rouSwi!thin 6 nm of the edge. In the
pack ice, densities,were lower aiM seals 'at cracks were more broadly
distributed, but the de~sity OfbothJseals at holes and those at cracks was
highest within 2 nm of rhe edge (FiP1re 3B). , I

3 Pack ice I '

T~ta1 coverage of the pack ice in Jh· Chu kchi Sea: i n 1987 was 176 nm'. all
in sectors CI-C4. The 'combined ChukthiSeadensity of total seals on pack
ice was 3.67 seals/nm2.1 Most of thb~e were ieals ~t holes.

i 'I I

In the Beaufort ' Sea" !total cover~ge of, pack ice in sectors BI-B4 was
355 nm 2

• An additional 193 nm2 was ~~rveyed 1 week later in sector B5. The
density of total seals' in pack ied in sectorsBI-B4, combined was 3.32
seals/nm2

• in marked cbntrast to ~h~ Chukch~ S~a. 62% of those (2.05/nm2)
were seals at cracks. Densities of keals at! holes were similar in sectors
BI-B4 (range 1.1-1.5,se~ls/nm2). Hb~everl seals at crack~ ranged from less
than 0.5/nm2 in sector~ Bl and B2J to over 2 seals/nm2 in sectors B3 and
B4. Sector B5 was fl ow~ about a we'e~ 1ater than ~he other sectors and the
density in pack ice (~.3 seals/nm2 l wasa~out 2,.5 ,times higher than in
sector~ BI-B4 combineq. j ~J

The trend' in dens i ty oh the pack he re1ative to the fast ice edge was
,similar to that on faSt ice: mor seals were :seenclose to the edge
(Figure 3). For both seals at hOliej and s~als at cracks in the Beaufort
Sea, the de,riSity, was hi~,he, st with,in f,', nm of t,' he e~,ge, intermediate ,2-10 nm
from the edge, and lowest 10-20 nm distant. The density of total seals
nearest the edge was 6.~/nm2, Gompa~ d to 3.2/nm2 between 2 ahdl0 nm, and
2.3/nm2 seaward of, 10 Inm. Less af_ea of pack ice was surveyed in the
Chukchi Sea, but the trend was similfr, with 4~4 seals/nm2 within 4 nm of
the edge, 3.2/nm2 betwesn 4 and 10nm, and 2.2 beyond 10 nm.

I, ,I "
D. Temporal and Spati,' Patterns ln Abundatice

1. Regional patterns I I

Densities of total sealk on the fa~ ice ot'the Chukchi Sea in 1987 were
greatest south of Poi nt! Lay (sec, tor:"sJCl-C4) and we•• re con, s, iderab ly lower t,o,
the north (Tabl e 13).j .The mean:' dens ity: of total seals for the, 3
southernmost sectors comblned (Cl-£4) was 4!.0 seals/nm~, compared to 2.6
seal s/nm~ for the morel northern s~ tors C5, and :C6 .Mos t of the seals
counted ln the Chukchi 'Ise~ were se~n~athOles .. S~als at cracks ~ccounted
for 1% of the total seals ln sectors l-C6 co,mblned(range 0%-6%).

, I' I ." ' ,
In the Beaufort Sea, de~sities were lowest 1n the West between Barrow and
Lonely (3 .1 seal s/nm2) ,lover twi c~la hi gh iin the' central Beaufort regi on
between Lonely and Flaxman Island {S 1 seals(nm2) and the eastern Beaufort
between Barter Island ahd Demarcatib Point (7.7/nm2 ), and 4 times as high
between Fl axman and Ba~ter Is 1and ( 2.0 sea:l s/nm2) • However, the sector
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Table 13. Density of ringed seals on shorefast ice and pack ice in the
, Chukchi and Beaufort.seas, May:-Jun~~ 1987.'f1:;O,,-"" 1,·' .. " " ~,' . 'l'-'!: ,,~•.,

1 In 1987,' snow melt occurred much earlier than in the previous 2 survey
years. Sector C1 was surveyed at 500 ft, but observers subsequently
decided that the remaining Chukchi Sea sectors should be flown at 300 ft
due to extensive meltwater and poor sightability of seals at 500 ft. All
densities of seals at holes in Clhave been multiplied by the correction
factor 1.32 to make them comparable to data from other sectors that were,
surveyed at 300 ft.

total

1.39

1.66

4.13

3.31

8.35

3.33

3.32

4.37

3.67

2.91

4.57 ,

1.57

0.15

0.74

0.00

cracks
Sealslnmz

Pack ice

2.76

3.82

1.57

holes

32 1.14 0.25

39 1.170.49

159 1.48 2.65

125 1.09 2.23

93 2.70 5:65

230 1.38 1.95

355 1.28 2.05

4491.57 2.80

53

99

23

o
'0

176 ,3.20 0.47

total

3.10

4.44

8.08

12.05

7.71

4.82

5.51

5.68

3.92 ,

4.56

3.80

2.59

2.70

3.62

0.11

0.08

4.51

8.53

1.02

1.08

1. 79

1. 74

0.01

0.03

0.23

0.00

0.05

0.03

cracks'
Seals/nmz

holes

156, 2.59

76 2.65

C5

C6

ALL, 892 3~58

Fast ice

Beaufort
B1 161 3.00

B2 227 4.35

B3 112 3.57

B4 53 3~52

B5 45 6.69

B1~B3 501 3.74

B1-B4 554 3.72

.BI-B5599 3.94

Chukchi 1
Cl 506 3.92

C263 4.53

C4 92 3.57

Sector
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83-B5 data may not be tomparable to that f~om sectors Bl andB2. Breakup
was apparently well advanced by the lime we f1 ew sectors B3-B5, despite the
relatively early date. i :
Observed densities of deals were e~ rapo1ated to estimate the total number
of ringed seals hauled out on the sh~refast ice of, the Chukchi and Beaufort
seas in May-June 1987 by mU1ti. P1Yin,glthe den$ity il.n eaCh. secto.r by the area
of fast ice coverage (Table 14). Calculations indicated means and 95%
confidence intervals on 20,200 ±2,00 total seals hauled out on fast ice
in the Chukchi Sea, and 24,100 '±I 6;800 in the Beaufort Sea. These
estimates do not account for seal s~hat were in the water at the time of
the surveys, sea1sthatlwere missed !by observers, pr seals in the pack ice.
The Beaufort. Sea estima';t.... e includes .. V.[bry high,. numbe.rs of, seals at cracks insectors B3-B5.· i' :

I ,. '

2. Temporal variability , '
': i :

During 1987 surveys, portions of s~v ra1 sectors were flown more than once
to test for t.empora1 variability~ IIh the Ch,ukchi Sea (sectors C2 and C6),
2 sets of 11 nes were if1 owntw1 ce, I up, to A days apart. There, was no
significant difference iin the, densit~ of seals at' holes or total seals in
either comparison (Tab1~ 15). 'I '
In the Beaufort Sea~ ~ replicate ~dhta set~ were compared. Two sets of
lines in secto: B~ ~ere(f1?wn 2-3 qa}s apart!un.der similar ice co~dit~ons.
There was no slgnlf1can~ d1ffe. rence '.lln the dens1ty of total seals 1n e1ther
comparison. Three pairS of surveysr (sectorslBl and B3) occurred 5-11 days
apart. In all 3, the :Idensity of :sfa1s at iho1es and of total seals was
significantly greater on the later date. '. '.

In sector Bl, the Posit~on of the;c edge, ~nd t~erefore the'area of fast
ice surveyed, remained ~imi1arthrdubhout our surVeys. In sector B3, the
ice edge was breaking up quite rapil:Jly, and the :tota1 fast ice area was
reduced by approximately 23% betweenl the 6 June and 11 June surveys. To

,ensure that 'density comJi>arisons for; Sector 83 were made between comparable
areas, we compared (a) only the are~alwithin 6 nm 9f land and (b) all ice,
both fast and pack. Ir, both comp~~i sons., S. i gnifi cant1y more seals were
hauled out on the later', date (4.90 :vs 11.75 isea1s/nm2 within 6 nm of land
and 4.91 vs 11.38 sea1s~nm2 for fast and pac~ ice,;combined). The increase
was greatest for seals a;t cracks., I '

, , I " I
We also calculated average groupsiz (the' ntlmber of seals hauled out at a
single hole) and the de:nsity of grp ps for~arly :and mid-June surveys in
the Beaufort Sea (Table 16). In s ctor B3:, the average group size was
significantly greater f(k the 1ater l Surveys (1.5 vs 1.8, t=2.311, p<0.05).
In Bl, the difference was not signilficant (1.3 vs 1.4, t=1.518, p>O.I).
The density of groupsin:creased inqo~h sectors, wi,th the greatest increase
,inBI. Group size was also comparatlve1y large in sectors B4 and B5 which
were surveyed late in th~ study peri

l
Ol1

t
. !' ,

E. Density of seals in[ relation t4 'ndustri~l ac~ivities

In spring of 1987 therejwas 1itt1e'li dustrial activitY1n the study area.
We saw no evidence of onrice seismiq urveys,:or i~e roads other than those
leading to artificial isrands. I I
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Density - seals/nm2 Fast ice' Estimated number
Sector (±95% confidence interval) area - nm2 of hauled-out seals

B1 - 3.10 (±0.37) 1,050 3,260 ± 390

B2 - 4.44 (±0.53) 1,770 7,860± ,940

B3 8.08 (±2.96) 780 6,300 ± 2,310

84 12.05 (±11.94) 410 4,940 ± 4.900

B5 7.71 (±2.A5) 240 1,850 ± 590

Beaufort
Total 5.68 (±1.6P . 4,250 24,140 ± 6,840

C1 3.92 (±0.69) 2,390 9,370 ± 1,650

C2 -4.56 (±l. 74) 655 2,990 ± 1,140

C4 3.80 (±1.20) 715 2,720 ± 860

C5 2.59 (±0.31) 995 2,580 ± 310

C6 2.70 (±1.27) 830 2,240 ± 1~070

Chukchi
Total 3.62 (±0.41) 5,585 20,220 ± 2,290

Grand
Total 9,835 44,360 ± 9,130

I
I
I

;

I
I
I
I
I
I
I
I
I
Iii

:1
:1

I
I
I
'I

Table 14.
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Density and estimated numbers (95% confidence limits) of total
ringed seals :;!iauled out on,zthe .fa's;t ice in the study area
during aerial surveys conducted in May-June 1987.
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Table 15. Comparison of ringed seal densities derived from replicate surveys of the same lines flown on
different days~ Only seals on shorefast ice are included.

Replicate t . Repl icate 2 ...
Sector , dens i ty .(seal s/nm2 ) density (seals/nm2 ) Student's

(altitude) legs date holes cracks total date holes cracks total t-test

C2 6 23 May 6.32 0.0 6.32 23 May 6.10 0.06 6.16 holes t=0.170, df=10, n.s.
---.- -- Totalt=0~124;--af=10,' n~s:c~~~-

C6 12 31 May 2.65 0.05 2.70 4 June 2.60 0.0 2.60 holes t=0.231, df=22, n.s.
e total t=0.468, df=22, n.s.

Bl 7 31 May 2.64 0.0 2.64 2 June 2.52 0.22 2.74 holes t=0.459, df=12, n.s;
~.---- ........_-- - ~ ~~._.• _._.......,.., _.~.~_. ~~

~.

---, ..-c--~.~ _ .-.,-__~____ .__•._~~~,_~ •. _. - ..•-

- - . t:<ltci I~i;'o.-374;-dt=i2; n:s:-- ~---~~-~~-

.
Bl 8 2 June 3.06 0.15 3.21 5 June 3.70 0.0 3.70 'holes t=2.70, df=14, p<0.02

total t=2.07, df=14, n.s.
-~-..,- - ~ -_. - -- - . - - -_.~

~-~- _._~.. _--- ---- . .,...., --- ~.~. - _.- - .-'.'-'- ---.

B1 8 5 June 3.70 0.0 3.70 13 June 8.06 0.51 8.58 holes t=8.89, df=14, p<O.OOl
total t=10.25, df=14, p<O.OO1

._ ... _ ••._.,__ • __._ ••• k •• "_ - -"-~-",",--.'------

Bl 8 2 June 3.06 0.15 . 3.21 13 June 8.06 0.51 8.58 ho1es t=lO. 77, df=14, p<O.OO1
cracks t=3.01, df=14, p<O.Ol
tota·l t=ll. 97, df=14,' p<O.OOl

"1 83 15 6 June 3.,71 2.51 6.23 11 June 5.11 6.08 11.19 holes t=7.07, df=28, p<O.OOl
cracks t=4.61, df=28, p<O.OOl
total t=5.83, df=28, p<O.OOl

- - _.- - _._- - - ... _.- -- - - -
w
o

-
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B1 2 June 3.06 2.32 1.25
13 June 8.06 5.81 1.39

B2 3,5 June 4.35 3.27 1.33

B3 6,7 June 3.71 2.41 1.53·
11 June 5.11 3.10 1. 78

B4 7 June 3.52 1.80 1.96

B5 12 June 6.69 3.14 2.13

31
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Comparison of, average, group size and density of groups for seals
.at holes in the fast ice, in the Beaufort, Sea, June 1987 •
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Table 16.

Sector Date Seals/nm2 Groups/nm2 Group size
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During 1987 a~ria1 su~veys, as in the 2 previous ye~rs, there were 3
artificial islands ~ocated in the stp,dy area: in the region between 01iktok
and Prudhoe Bay (F,gure 4). They: were: (1) Seal Island, located 10 nm
w,est of Prudhoe Bay, (2,,), Northsta~ ~sland, 10cat~,d 4 nm west-northwest of
Seal Island, and (3) Sandpiper Is1dnd, located 5.5 nm west-northwest of
Northstar Island. All ~ islands w~r~ inacti~e du~ing winter and spring of
1986-87. ; I : i

Surveys were conducted in the ViCini~y of th~ 3'islandstwice in 1987, on 6
and 1,1 June. Th, e, ShO, rt,e, st straig"ht,',,~~ine diS, ',',tan,ces, fro,m, artificial islands
to each minute sighting block were determined by comparing positions, for
each interval to positiqns for the, islands. Densities were then calculated
for 2-nm concentric cirk1es centere at the artificial islands, out to a
distance of, 10nm. Since the is:1ands were less than 10 nm apart and
interactive effects we~e possib1e/ a density in relation to all- islands
were also calculated us!ing the minjmum distance from any of the 3 'islands
for each I-minute Sight1ng block. ,I

There was no consistent trend in 'seal density with distance from the 3
non-operational is1andsl (Table' 17),. Seals were more numerous near Seal
Island, less numerous n~ar Northstar, and differed between the 2 surveys at
Sandpiper. At Seal IS:,l and, where the density was very high near the
island, there was a large crack in the ice running perpendicular to the
shore, both to the nort~ and to the south. This ,crack, which appeared to
be caused by the island, may have provided an ~venue along which seals
penetrated into the nea~shore fast ,ce.

When all 3 islands were conSidered in agg,regate, the densities in the
0-2 nm 'distance interval were' 12%-;0% lower than those" in, the 2-4 nm
i nterva 1• The dens ityj differences betweenl these 2 i nterva1s were not
significant on either d~y (t-tests,i >0.05).! Samp'le si?es were very small
in the distance intervals closest toltheis1~nd: :5 minutes and 4.5 nm 2 in
the 0-2 nm and 2-4 nm i nterva1s comoi ned on i 6 June and 10-14 mi nutes and
9.0-12.5 nm 2 in those i~tervals on 11 June.' ,

,I I

Data from the 1987 su'rveys were !also ana,lyzed according to the 1986
industrial and control ~locks (Figurcel4) even, though there was little orno
offshore industrial activity. In: [he abs~nce of industrial activity,
density of total, seals ;;,"n the lIindU,',strialll ~lock was si g,nificant1 Y higher
(p<0;02), than in eithe~ control ar~a for both surveys (Table 18).

, ' , '~' ' " : ' "

The industrial block wa~ an areainiwhich so~e type of industrial activity'
(SU,C,h as seismic ,surve,YS or a,rt,if,iC, i~l ,iSlandS) ,h,ad occur,r,ed in 1986, and
included the ice withinll0 nm cif l~n. Cont~ol blocks were located to the
east and west of the ,industrial block and: were' areas with no obvious
industrial activity. Allthough they!were "con'tro1s': in the sense that there
was no industrial activ1ity there in 1986, t;heY,may or may not have been
enVironmentally ,comparable in term's of bathymetry, ice conditions, prey
ava~lability, etc. l' t' " ,
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Figure 4. Map of the Central Beaufort Sea showing locations of artificial
'islands and industrial and control blocks used in 1986 and 1987
data analyses.
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Seal 87-1 26 1.1 2~9 2.7 5.5
87-2 32 14 .4 9.5 10.4 5.9 4.8

Northstar 87-1 23 1.1 3.3 5.6 4.1 5.2
87-2 34 3.8 8.4 14.2 6.3 6.1

Sandpiper 87-1 27 '7 .1 7.6 2.2 4.2 3.9
I 87-2 34 6.8 '5.5 6.6 5.2 11.9'I

,I Any Island 87-1 45 4.7 6.7 2.4 4.1 4.0
87-2 50 7.1 ~.1 9.5 5.8 5.4
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Table 17. Density of iringed seals t holes in relation to distance
from 3 arti~icial island~ in the Beaufort Sea, June 1987.
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Table 18. Densities of ri~ged seals (seals/nm2 ) within 10 nm of land in
"industrial" anCl "control" blocks in the Beaufort Sea,

-June 1987. Standard deviations are given in parentheses.

Seals at holes Seals at cracks, Total seals
Block #legs density (SO) density (SO) density (SO)

Test 1 - 5-6 June

Industrial 4 3.80 (LOS) 3.38 (loll) 7.17 (loSS)

Control West 5 3.84 (0.57) 0.61 (0.37) 4As (O.77)

Control East 7 2.04 (D.S6) 1.51 (0.S5) 3.55 (0.70)

Test 2 - 11 June

Industrial 9 8.10 (1.41) 6.73 (4.51) 14.83 (5.23)
- ,

Control West 9 5.90 (0.40) 2.36 (2.23) 8.25 (2.34)

Control East 9 3.36 (0.55) 3.33 (2.43) 6.69 (2.43)
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VI. Discussion ,and Conpusions
• f

A. Survey effort f I
1 I

The total amount of suhey efford in terms of area surveyed of fast ice
and pack ice, is summa~ized for ,e~c secto~ in Table 19., The total area
surveyed was 3,409 nm 21,(,92% fast'ic,'el) in 19,~,5, 3,40,5 nm,2 (74% fast ice) in
1986, and 2,958 nm2 (71% fast ice) in 1987. Variations in total and
proportional coverage ~ere due m~sflY to ,intentional' adjustments to in
survey design. The requced fast ice coverage in .the Beaufort Sea in 1986
and 1987 was due largely to the dec~~ion not to attempt 90% coverage of all
lines in sectors B2 an~dB3. Alsd,1 the intensiv~ grid around artificial
islands (lines spaced l!nm apart) w'as flown only i,n 1985. Survey design in
1986 and 1987 included, where posslible, 2-4 lines per sector extending
40 nm off shore i n ord~r to prov ide coverage of: pack ice. There was no
systematic attempt to o~tain pack iFe coverage in 1985. Overall, there was
considerable variability in pack iCS coveraQe due to annual variations in
the location of the faSt ice edge ;~nd the relationship between timing of
surveys and the begi nni ~g of breakup.

1
1

Alth~ugh we initially lintended, to', gather data o~ seal ~ensit!' for all
portlons of the Chukchl and Beaufor 'sea coasts,lt was lmposslble to do
so. In all 3 years, ~he shorefast lice from Poi~t Hope to Cape Lisburne
(sector C3) cons i stedof a very nar,rJw band, I seaward of whi ch was a 1ead of
variable width and a very extensiv~ shear~ zone.' These conditions made
aeda1 stri p transect surveys impra'dica1. furthe,tmore, steep cl iffs south
of Cape Lisburne cause •• severe downdhfts near shore and make flying over
the narrow band of fas;t ice difffdlt and 'unsafe. Also, while seals do
occur in su'ch habitats,ithis is not' the typeiof region which supports large
numbers of resident ani!mals. We a!lso did not obtain adequate coverage in
the Beaufort Sea eastiof Barter :Island (sector' B5).Reasons for this
include limited extenti of s'horefast ice, early 'and complex patterns of
breakup, and 1imitatioins on the' number of survey hours available. A
concerted effort to g~:t data for! this reg'ion in 1987', resulted in only
45 nm2 of fast ice surveyed. ' :

i f

The amount of fast i celarea survey~d, expressed as a percent of total fast
ice area in relationtb survey area! in thei selected data base was quite
consistent (Table 20). 'I'The differehde betwe~n the t Chukchi Sea and Beaufort
Sea in 1985 and 1986 is,due to the ~~ct that in those years all Chukchi Sea
sectors were surveyedar 500 ft (stnp ~idth.;2,250!ft) and all Beaufort Sea
sectors were surveyed !at 300 ft (stnp wldth 1,,350 ft). In' 1987, all
sectors except Cl were !surveyed a~ BOO ft ~nd th~ difference in coverage
was much less. When d~ta for ther~~ukchi a~d Beaufort seas are combined,
effort as reflected in the selected; data base was yirtually identical among
years: 14.3% coverage ~n 1985, 14~3t covera~e in 1986, and 15.0% coverage
in 1987.' ' ! lii,

, I

The total area of fast rtce surveyeq Table 19) can be compared to the area
included in the select~d data basei Table 20) as a partial evaluation of
survey ,performance. In, 1985, 58% :o~ ,all data cqllected was used in the
selected data base; this value incr ased to 70% in 1986 and 73% in 1987.
This increase reflects I both the tesults of analysis of 1985 data that
refined our definition jof the surve window: (Frost et al. 1985b), and an
increased abil ity of survey persdnhel to anticipate appropriate survey
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C1 Cape Espenberg - 542 20 491 '3 641 53
Cape Krusenstern

C2 Cape Krusenstern - 58 136 101 77 97 184
~oi nt Hope

C3 Point Hope - 0 ,0 0 0 0 0
Cape Li sburne

C4 Cape Lisburne 167 0 212 0 117 50
Point Lay

C5 Point Lay - 134 0 204 34 156 0
Wainwright

C6 Wainwright - 115 0 272 157 155 0
Barrow -- ---' --

Total Chukchi Sea ' 1,016 156 1,280 271 1,166 287

B1 Barrow - Lonely 382 7 456 145 357 96

B2 Lonely - Oliktok 820 0 318 ,12 255 38..
B3 Oliktok - Flaxman 631 63 345 305 214 229

B4 Flaxman - Barter 279 11 70 143 53 125

B5 Barter - 13 31 0 ~ 0 45 93
, Demarcation --

Total Beaufort Sea 2,125 112 1,249 605 924, 581

Total 3,141 268 2,529 876 2,090 868

37
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Total area survey'ed'('nm2 ) in fast 'and pack ice during ringed
seal aerial surveys conducted in May-June 1985-1987. All data
collected are included.

Table 19.
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128
208

202
447

128'
97

19
11

16
14

919
598

i5,800
:6,535
I
I

i5,858
:4,250
I
I

Aerial surv:ey coverage~d, ring ringed seal aerial surveys
conducted i1n May-June ~9815-1987': se1e~ted data only.
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Region
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Chukchi
Beaufort

Chukchi
Beaufort

Chukchi
Beaufort

Year

1985

1987

1986

Table 20.

I
I

; Area of
Area of fa~t ice \ Percent Area of
~ast ice SUrVeyed .coverage pack ice surveyed

-----"---_---:'--~---:-!,

! f '
I

'4,890: 946
:7,745 .861
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In 1985, the ice in the Chukchi Sea was flat and clean, low cloud ceilings
were not a problem, and all sectors were therefore flown at 500 ft. Some
of the Beaufort Sea sectors were initially flown at 500 ft, until it became
apparent to observers that greater ice deformation, dirtier ice, and
sometimes extensive meltwater made it difficult to detect seals at that
altitude. Furthermore, cloud ceilings and/or fog were often below 500 ft.
In response, all sectors, or parts of sectors,' were also surveyed at
300 ft. The observed mean densities at the 300 ftsurvey altitude were
from 23% to almost 300% greater than those at 500 ft (Frost et al. 1985Q).

Previous aerial surveys of ringed seals have generally been flown at
altitudes of 300 ft to 500 ft. The prefer.red altitude has usually been
500 ft, with 300ft considered an acceptable alternative when necessitated
by low' cloud ceilings and/or fog (Stirling et al. 1977 and 1981a, b;
Kingsley et al. 1982 and 1985; Burns et al. 1981; Burns and Kelly 1982T.·
Density estimates derived at the 2 altitudes have been compared or combined
without the use of correction factors. When the protocol for our surveys
was developed, we proposed a standard survey' altitude of 500 ft unless
conditions required otherwise. .

Previous studies have shown that weather8ffects the haul-out behavior, and
thus the observed densities of ringed seals (Burns and Harbo 1972; Finley
1979; Smith and Hammill 1981). Our survey methodology incorporated the
findings of those studies, which largely precluded further tests of weather
effects since we did not survey during extreme conditions that might have
markedly affected observed densities. Analysis of weather effects is
further complicated by the fact that weather reports were available only
from a 1imited number of coastal stations and may not have accurately
represented conditions in the survey areas on the ice surface.

The data collected in 1985 contained some legs flown at wind speeds of
21-25 and 26-30 knots, and air temperatures of _6° too-10°C. Analysis of
the data indicated a significantly lower density of seals on transects
flown at wind speeds of greater than 25 knots (Frost et al. 1985b).
Temperatures below _5°C and wind chills below -20°C also produced lower
density estimates, but those comparisons were considered inconclusive
because of small sample sizes. It was recommended that whenever possible
future surveys should be flown at wind speeds ~15 knots.

No surveys in 1986 or 1987 were intentionally flown at wind speeds greater
than 20 knots; most were flown in 5- to 15-knot winds but Some legs were
flown with 16-20 knot winds •. A multiple regression analysis of the effect
of wind and temperature on the density of seals at holes indicated that
wind speed, but'not temperature, was correlated with seal density (Frost et
al. 1987). Since less than 2%of the sample variability was attributable
to wind,w~believe that all data collected at wind speeds of ~ 20 knots
can be considered comparable.

2.' Altitude effects

39

• 1ft.

B. Aerial survey methodology

1. Influence of weather
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Although these compari~ons were n~t made o~ ideritical data sets and were
not necessarily' under the same weat er and :i ce, conditi ons, the difference
was large enough to'war~ant furthe~ ~nvestig~tion~

Altitude comparisons we're co'nducted ~n 2'secit:ors ('C6 and B1) in 1986 (Frost,
et al. 1987) and in 2 ~ectors (C1 ~rid B1) i~ 1987. For all comparisons in
whi ch the same 1i nes were flown onIthe saine day at both altitudes, the
d,e, nsities of seals at 'h~, l,e,s based d,n cou,nts ~,t 500,'. ft,' wer,e 71%,-86% of those
at 300 ft (Table 21) 1 All comp:a isons were ~tatistically significant
(p<0.05). For the 5 sYstematic al,tOtude cdmparisons combined, the 500-ft
density· of seals at ~oles was 7p~1 of thg,t determined at 300 ft, or"
conversely, 1.32 times] as many seaJls/nm2 were counted at 300 ft as at
500 ft (p<O.OOl)., 'y ,

In 1986, we conducted Jeparate ana; 'Ises of ';flat'" (0%-20% deformation) ice
and "rough" (20%-40% deformation) dte for the data sets used in altitude
comparisons (Frost et :al. ,1987). 'IThese c:omparisons suggested that ice
deformation might have an interactiV~ effect with :survey altitude, and that
the differenti a1 counts at 300 ft l ~nd 500 ft occurred primari ly in fl at
ice. H~wever,when ratiios of seal~, rn flat or roy, gh ice,' were, compared for
the ent1re 1986 data base, that d1d not app~ar to be the case. Data from

~987 ,surveY,os wer',e ~lso p"nalYle,od,aS:f~,a~,or, ra,ugh, ,ii••,ce and have been included,ln compansons uS1ng all sU1table r1ngedseal :survey data (Table 22).
Based on data sets from 5 years, la ti tude has n6 apparent effect on the
observed ratio of densi~ies (D) oflseals in!flat ~~d rough ice. At 300 ft
altitude, the ratio of Dflat:D~oug~anged f~om 1.0-1.8, and at 500,ft from
0.9-1.7. The ratios of densitieslin flat ice' or rough ice at the 2
altitudes were also sim~lar, and ge'n rally approximated the 1.32 correction
factor developed for altitude basel on 1986 and 1987 data sets (Dflat
300:0flat 500 = 1.2-1.6~ Drough 300: rough Sbo = 0~9-1.8).

Other investigators ha~e discussed the factors ~ffecting sightability of
animals from the air. " Caughley (1 74) stated tnat the 3 most important
factors are probably ground speed,-I strip width, and altitude, and that
si ghtabil i ty declines ~ith i ncrea:sJs ina~ 1 three. 'Data examined for
sightability biases by Gaughley (1974) and qughley et aT. (1976) indicated
that for elephants a 50% reduction lin surv~y altitude resulted in a 25%
increase in the numbe~ 'counted. ilrheir ar:Jalyse:s of wildebeest surveys
indicated that more varpability was associated wUh strip width than with
altitude, and that doubling strip ~idth (fr6m20a ~ to 400 m) resulted in
about a 50% reduction in estimated density. Survey speed was also found to
affect dens ity estimateS. l J' "
In all 1985-1987 surve~s of ring~d seals" air '~peed 'Was held constant.
However, altitude and~~rJp Width\. lar~ed b~tweeri areas ~n~ amongo ye~rs.
Our survey protocol speclfled that ~ncl1nometer angles def1n1ng str1p w1dth
would remain constant, tregardless bt altitu~e, to minimize disruption and
recalibration by observers during changes in altitude. Howe~er, this meant
that changes in strip width always loccurred concurrently with changes in
altitude, and the bias:es associat'e~ with the 2 variables could not be
tested independently. i Thus, we cO£IUld not determine whether the lower
densities observed at :500 ft vs ;310 ft were attributable to increased
altitude, increased str1p width, ori oth. ,
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Table 21. Comparison of~~nsities of ringed se~ls at holes derived from surveys

flown at 300 ft and 500 ft altitudes tn sectors C1, C6, and B1 during
May-June 1986-1987, fast ice only.

300 ft , 500 ft
# of area seals/ area seals/ Student's

Sector Date legs nm 2 nm 2 sd nm 2 nm 2 sd t-test '

C1 5;'2.2/87 4 59 2;58 0.19 120 1.91 0.35 t=3.365
df=6
p<Q.02

5/24/87 , 6 28 0.98 0.24 47 0.70 0.. 09 t=2.676
df=10
p<0.05

5/30/86 15 68.6, 2.93 0.41 113.7 2.35 0.40 t=3.90
" df=28

p<O.OOl

B1 ' 5/31/86 8 77.0 2.38 0.25 ' 128.4 1.71 0.22 t=5.62
df=14
p<O.OOl

6/2/87 6 39 2.94 0.47 62 2.23 0.28 t=3.19
df=10
p<O.01

All 39 271 2.49 . 0.18 ·471 1.88 0.16 t=15.61
df=76
p<O.OOl
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Table 22.'

Year

,,42 I
Densities of total ring~d seals '(seals/nm2 ) in flat and rough ice for I
surveys. conducted at 3001 ft and ,500 ft, 1981-1987. Data from 1985-1987
are from triis study. Data from 1981 and 1982 were collected by ADF&G
as part Of;RU #232 and.le-analY~ed as part of this study. I

I . J '\ ' l I
I 300 f' 500 ft I
I ice defo~~atidn ice deformation

0%~20% 20%-46,;,'J D flia t . 0%-20% 20%-40% 0 fl at I
"flat" II rough" 0 rough "fl at" "rough" D rough

I I :

1985, . BeaufortI
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Data collected -in 1981 and 1982, however, utilized a O.5-nm survey strip
that was' subdivided into';itnner,and outerO.25-nm bands for which counts
~ere kept separately. We compared densities for inner and outer strips and
those for inner strips and total strips for 1981 surveys conducted at
300 ft and 1982 surveys conducted at 500 ft. In both years, the densities
calculated for the inner 0.25-nm strips exceeded those for the outer strips
and for the total 0.5-nm strips, implying that fewer seals were missed
closer to the aircraft (Table 23). Inner strip densities exceeded the
total strip densities by 10% to 18%. Such comparisons indicate that the
actual distance between observer and animal, as well as increased strip
width, affect density estimates.

3. Observer comparisons

Duri ng most of the ADF&G aeri a1 surveys for ri nged seals in 1985-1987, a
s i ngl e tra i ned observer counted seals on each side of the aircraft. The
right-side observer (Frost) was the same in all 3 years. The left-side
observer was Gilbert in May 1985 and all of 1986 and Golden in June 1985
and all of 1987. Total counts of the numbers of seals seen by 1eft and
right observers for all survey days in a given year were compared through
paired t and Wilcoxon signed rank tests (Table 24). In no year was the
di fference between 1eft and ri ght observers s ignifi cant by either test.
Total counts of the left observer ranged from 7% less to 8% more than the
right observer.

Other investigators conducting aerial surveys of ringed seals have also
investigated the effects of observer bias by comparing counts of seals' on
the left and tight sides of the aircraft during simultaneous transects.
Stirling et al.(1977) found no significant differences in 8 comparisons of
ringed seal counts made in 1974 and 1975. Stirling et al.(l981a and b)
reported differences of 2% to 25% in surveys conducted during 1974-79 Tn
the eastern Beaufort Sea and Canadian High Arctic, but none of the
differences were significant. Tests of potential observer bias must be
made on relatively large samples, such as data from entire survey days,
rather than on a transect-by-transect basis since habitat variability and
clumped distribution of seals can cause substantial within-transect
differences. Ice conditi ons on the 1eft and ri ght sides of the aircraft
may be considerably different, and although one expects this to average out
as' more lines are surveyed, it is still possible for a few very large
groups of seals, or a few areas (such as newly refrozen leads) w~ere seals
are very abundant, to result in large differences in counts between the 2
sides of the aircraft.

During 1985-1987 aerial surveys for ringed seals, back~up observers
participated and provided comparative counts on 13 occasions (Table 25).'
Rear observation posts did not have bubble windows but visibility was
otherwise satisfactory. Seals occasionally dove into the water before they
came into view of the second observer, which, depending on the search
pattern of the back-up observer, may have resulted in some seals being
missed. Participants agr~ed that this generally was not a major problem.

Of the 13 compari sons, 7 were between an experienced primary observer and
an inexperienced back-up observer. In 5 of those comparisons, the
experienced observer counted significantly more seals (p<0.05). In 6
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1981
, (300 ft) 81 70 1.62 11 .77 1.69, 0.92 0.96

82 592 I 1.43 '1 .06 1.24, 1.35 1.15
83 516 1.49 ;1 .07 1.28 1.39 1.16
84 130 1.67 1.93 1. 76 ' 0•.87 0.95

I i
1.34 : 1.10All '1,308 1.48 ,I 19 1.24

I

t ' 1982 ' I

(500 ft) 81 106 1.31 '0 67 0.99 ' 1.96 1.32
I 82 94 1.68 '1l23 1.45 1.37 , 1.16

83 243 1.85 Il32 1.58 1.40 1.17
84 47 1.11 'lloo ' 1.05 1.11 1.06

All 490 1.63 ,ll13 .1.38 I 1.44 1.18
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inner
total

Ratio
inner
outertotal

Density of tinged seals in inner 'and outer 0.25-nm survey strips
based on aefia1 surveys,sonducte~ by ADF&G ip'May-June 1981 and
1982. Inne~ and outer s~rips for 1981 extend from 750 ft to
2,250 ft an~ 2~250 ft t~ 3,750 ft from-the aircraft, and in 1982
from 0-1,500 ft and 1,500-3,000 ft. '
if' ,
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Table 23.
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May 1985 10 2,272 2~478 t=1.409, df=9 z=-0.459, .
p>O.I, ns p>0.6, ns

June 1985 13 1,751 1,859 t=0.996, df=12 z=-0~943,

p>0.3, ns p>0.3, ns '

May-June 1986 29 7,229 6,688 t=L79, df=28 z=·L774,
p>0.05, ns p>0.05, ns

May-June 1987 29 .6,553 6,595 t=0.13, df=28 z="·1.157,
p>0.9, ns p>0.2, ns

Comparison of the number of seals counted by left and right·
observers for ringed seal aerial surveys, May·June 1985·1987.

"" ',,'" . /.'"
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Wilcoxon
signed rank

f:" •

Paired
t-test

# seals
left rightnDate

Table 24.
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28 320 11.4 1306 10.9 t=1.071, df=27, p>0.2, ns
6 339 56.5 i147 ~7.8 t=1.512, df=5, p>o.l, ns

27 489 18.1

1
17.0 t=1.686, df=26, p>O.l, ns

5 84 16.8 78 ' 15.6 t=0.48, df=4, p>0.6, ns
14 88 6.3 3 6.6 t=0.219, df=13, p>0.8, ns
8 42 5.3 58 7.3 t=0.928, df=7, p>O. 3, ns

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

t=1.74, df=13, p>O.l, ns

t=0.598, df=13, p>0.5, ns

t=2.386, df=13, p<0.04

t=3.162, df=21, p<O.OO1

t=5.019, df=5, p<O.Ol

t=3.485, df=27, p<0.002

t=2.260, df=19, p<0.04

6.0

7.1

30.0

31.1

30.5

24.0

15.5

8.8

28.1

31.6

40.3

10.3

18.9

35.5

442

393

213

221

564

175

531

6

14

14

22

28

20

#
legs

I, I
!

Comparison of counts ofi~inged seals made by experienced and
inexperienc~d observers:during aerial .surveys conducted during
May-June. 1985-1987. ·1 ---.- _

Primary observer .:Bbck-up observer
, : I

number o~ xseals/ number of xseals/ Paired
seals: leg ; sf_a_l_s__'....,_l_eg . _t_-t_e_s_t ____

l::
,f::
I ~44
i J34

'! 1
1
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Table 25.

Date

Back';'up
Inexperienced

22 May 1985 '

22 May 1985

23 May 1986

31 May 1986

22 May 1987

23 May 1987

24 May 1987

Baclc-up
Experienced

30 May 1985

24 May 1986

25 May 1986 .

26 May 1986

27 May 1986

27 May 1986
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compari sons between experJ~nced observers t or with a novi ce observer who
had' receiVed some trairiiifg~ differences wEtre not significant (p>O.l).
Inexperi enced observers undercounted by 5%-42% in all but one compari son.
In contrast t when both observers were experienced, there was no pattern to
which observer had the highest count.

Using the counts of primary and experienced back-up observers, calculations
were made to estimate the proportion of total seals present that were seen
by a single observer. Calculations were made using the formula from

, Caughley (1974) in which, based on the differential counts of 2 observers,
he determined the probabil i ty that a group of elephants was seen by one
observer (p), seen' by both observers . (p2), seen by one or the other

'(2p(1-p)), or missed by both ((1-p)2). The probability p can be estimated
from the, relationship:

2p(1-p)/p2=S/B
from which
p=2B/(2B+S)

where S is the number of groups seen by a single obse'rver only and B is the
number seen by both. The number missed is represented by M=S2/4B. Based
on 4 comparisons (Table 26), p=0.83 for groups (range=0.79~0.86) and 0.82
for individual seals (range=0.74-0.86). In other words t the counts suggest
that a single observer sees about 83% of the groups and 82% of the seals
haLiled out on the ice. This is a relatively high proportion compared to
the estimated 40% determined by Caughley for elephants in wooded areas of
Uganda.

Using these data, the probability that seals were seen by both observers
was 0.7 t and that they were seen by only one or the other was 0.3. It is
evident that, while the numbers of seals counted by experienced primary and
back-up observers were not statistically different, neither observer saw
a11 of the sea1s present, nor did the 2 observers see all of the same
seals. Individual observers missed, on the average, 18% of the seals in
the survey strip. 'This indicates that, at a minimum (i.e., not taking into
account the proportion of seals that are in the water and thus not able to
be counted) the density estimates resulting from 'these aerial surveys are
low by about 18%.

4. Survey coverage

In order to arrive at a sampling plan for our initial 1985 surveys, we
analyzed the relationship between variance and sampling intensity using a
set of transects from 1981 ringed seal aerial surveys in the Beaufort Sea.
That analysis indicated that the variance (square of the standard

"deviation) of the mean density estimate dropped rapidly until about 50% of
all possible transects were selected from the data base, with a slower,
steady decrease as additional transects were incorporated. Based on that,
sampling intensity was set at 60% of all possible lines within each sector,

" except for sectors B2and B3 where coverage was 90% of all lines.

This relationship was re~nalyzed using data collected in ,sectors B2 and B3
in 1985 and the same pattern was found (Frost et ale 1985Q). In addition,
we analyzed and plotted the ratio between 1.96 standard deviations of the
mean and the mean density for each sector. This ratio measures the

f'
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Table 26. Number of g:roups of seals, and nU(l1bersof seals seen by one or
both observ~rs during corparative counts by primary and
experi enced: back-up observers. P = ,probabil i ty that a gi Yen
seal is seeh. by a given bbserver~ SA 1= number seen only by
observer A. r SR= numb~r seen on~y by pbserver B. B = number
seen by both oDservers., M = number missed. See text for ~,
formulas anp explanation ,
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nUr!lber
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groups 40,
number I

l !i
groups lOf
number I

I Ii .gr0ups 9:
number II

I
groups 92'
number
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I
I
I
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, 0.83
0.82

238 0.86
0.85

212 0.82 '
0.78

61 0.79
0.86

64 0.79
0.74

574

Estimated
total # . P

394 17

SB B , M

26 174 ; 5

23 142 ' 7

10 38 3

12 40 3

71

i
I
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I
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I

I
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Date

30 May 1985

24 May 1986

16 June 1986

28 May' 1987
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confidence interval around the mean density 'such that a value of 0.10 would
indicate that the 95% confidence limits are equ'al to the mean plus or minus
10%. A test of the regression line indicated that there was no significant
difference in the size of the confidence int~rval with sampling intensities
ranging from 38%-92%. With a sampling intensity of 60%, density estimates
should have 95% confidence intervals of ±5%-15%.

For 1986 surveys, we attempted to obtain 90% coverage in sector 83 and 60%
coverage in other areas. However, due to a storm that occurred during the
survey period, adequate data were obtained from only 15 of 38 lines in

. sector 83 (39.5% coverage). We analyzed the relationship between the
number of transects selected from the 1986 data base and the variance of
the mean for sectors C1 and 82/83 combined, and examined the ratio between
1.96 standard deviations and mean density for each sector in 1985 and 1986 .

. Sampling intensity of 50%-60% of all possible lines was jUdged adequate,
and 95% confidence intervals for all Chukchi and all 8eaufort sea data were
equal to the mean plus or minus 9%-10% (Frost et al. 1987).

The relationship between the number of transects selected from the data
base and the variance of the mean is shown by year for 4 sectors or sector
combinations in Figures 5-8. Each point represents the mean of 6 separate
calculations which randomly selected the indicated number of transects from
the data base. Several patterns are evident from these figures. In all
cases, the variance dropped rapidly up until approximately 50%. of all
possible transects were selected from the data base, after which the
variance decl i ned gradually. Vari ance was veryerrati c when only a few
transects were selected. In all cases, the variance was much lower when
only seals at holes were included in the data. There was some evidence of
year-to-year differences in variability in data sets: data for sectors C1,
C4, and 82/83 combined were most variable in 1987, while data for sectors
C5/C6 combined were most variable in 1986.

The information shown in Figures 5-8 is summarized in Table 27. Again, it
is evident that data sets that include only seals at holes are less
variable than those. that include all seals. Also, the variability becomes
less as data' sets include more legs. If the variance indicated by
including all legs surveyed in the data base represents the realistic
minimum for a given area, these figures can be used to indicate how much
greater the variance is when only 60% or 90% of possible lines are flown.
If 60% of possible lines are flown variance is predicted to be 1.24-3.35
times greater for seals at holes and 1.09-4.19 times greater for all seals.
If 90% of all possible lines are flown, variance would be 1.0-1.36 times
greater for seals at holes and 1.05-1.34 ti~es greater for all seals. In
aggregate, these analyses indicate that while coverage of 60% of all
possible legs reduces variance in data sets to reasonable levels, coverage

. of 90% results in considerably greater precision ..

Although we att~mpted to obtain 60% coverage in all sectors.in all years,
for various reasons the actual percent of all possible transects in the
selected' data ranged from 38% to 90%. We divided the value for. 1.96
standard deviations by the mean density estimate for all seals in each
sector for each year, and plotted that value against the percent of all
possible legs flown (Figure 9A). Although there was a slight trend evident
(i.e., the. greatest coverage (90%) had the lowest value (0.06)), t,he
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Figure 6. Relationship between the number of transects selected from
the data base and the error variance of the mean density
estimate for sector 'C4. Each point represents the mean of
6 separate calculations.
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Figure 9. Relationship between 1.96 standard deviations diVided by the
mean density of all seals and percent of all possible legs
flown for each sector 1985-1987. A. all sectors included.
B. data from sector B3 in 1985 (89 4 5% ~overage) deleted:
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I ,

relationship was not statisticall) significant (~=0.167, p>0.39). If the
sector with 90% cover~ge 'is delete~ (Figure 9B), there is virtually no
trend (R=0.036, p>0.85):. This indfcates that the :amount of variability was
quite constant over th~ range of sa~pling intensities accomplished during
th iss tudy. " , ' , ; l
Since~thiscalculated ~alue (1.96 is andard ~eviations/mean density) is an
index of the size off the 95% ¢oInfidence limlts around mean density
estimates, it can be u~ed to compar~ the vari abil i ty of dens ity estimates
among sectors and years (Table 281). The' indiyidual sectors with the
smallest confidence limjts for dens:ity of se~ls at holes were Cl (±9%-23%),
B1. (±12%-20%) , and B3 (±14%-19%). i donfidenc;e limits for total seals were
somewhat greater, especially where Icracks iwere :numeroLis as occurred in
sectors B3 and B4 in 1987. Variaqill ity was greatly reduced when several
sectors were combined tp make larg~r data s~ts.Confidence limits for the
Beaufort Sea as a whole were ±9%~10% for seals at holes and ±14%-33% for
all.seals; comparab,le V~',l,ues for th~".,'jChUkChil,sea w,~:e ±,9

0

,%-1,3,% and ±~1%:1~%.
ObV10usly, seals along !cracks had a much greater'lnfluence on Varlab1l1ty
in density estimates inithe Beaufor~ Sea tha~ in the Chukchi Sea.

! ! l
C. Factors.affect i ng 1bundance of~ lea1s ': '

1 C Ice deformation I i ' ,

T~e results of our 1985-1987 sur~e sin the Ch:ukchi and Beaufort seas
indicate that the r;elationship I Ibetween, ice, deformation and seal
distribution and density was quite consistent from year to year (Table 29).
Seals were less abundan1t in roughetlice. The greatest difference was for
ice of 0%-20% deformattlon, where de~sities were generally ,1.5 to 2 times
higher than in ice of g~eater defor~ation.

Numerous investigators) have not~! that ice' conditions affect the
distribution of ringed seals and, in particular, that stable shorefast ice
is their preferred breeding habitatl (McLaren ,1958; Burns 1970; Smith 1973).
Studies conducted in the Canadian Ar tic have addressed the effects of ice
condi ti ons in terms of percent coverage (fro~ unbtoken fast to broken open
pack), or relative to the degree oflcracking (sol;id, cracking, or rotten)
(Kingsley et al. 1985; IStirling eti al. 1981b). These studies found that
seals preferred areas w'th little tip~n waterr and :seemed to avoid areas of
rotten, flooded ice. I~e conditionsl in Alas:ka at: the time of our surveys
were quite different than those :experienced during surveys in Canada.
Surveys were flown ove~ mostly unbr~ken fas't ice, and' not in areas where

, signi,ficant amounts of ~pen waterwe~re,' present. Our surveys were 1,'ntended
to occur b.eforesubstantial cracki n~ and me.l ting .o:f the fast ice occurred.
Although 1n some years, breakup co enced earl1e,rthan usual, and such
conditions were .presenti,during our:"strV,eys, t,he va,riables. used in Canadian
studies have not been r~le~ant to o~r data.

, I ' i
Burns et al. (1981a) fi~st reportedfon ringed seal 'distribution relative to
the percent of i ce sU~face that was deformed by hummocks, and pressure

, ri dges. They found that ri nged sea l~. showed a s i:gnifi cant preference for
less deformed fast ice, iwith the density in i,ce of :0%-30% deformation about
1.3 times higher than in ice of 3Qod-50% deformation, and 2 times higher
than in >50% deformatio~. Burns and Kelly (1982) reported similar results

. from da~a collected in 11982. Ii'
f

I
I
I
I
I
I
I
I
I
I
I
I
I
I
·1
I
I
I
I



I
I
I
I
I
:m

'I
:1
I
'I
,I
'I
I
in
n
I
I
I
I

I

57
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Table 28. Comparison of the 95% confidence limits on ringed seal density
estimates (1.96 standard deviations divided by mean density of
seals) for sectors surveyed in May-June, 1985-1987.

95% confidence interval

seals at holes, total seals
Sector 1985 1986 1987 1985 1986 1987

C1 0.10 0.09 0.23' 0.19 0.14 0.23
C2 0.49 ' 0.30 0.38 ' 0~43 0.36 0.38
C4 0.22 0.16 0.26 0.24 0.14 0.31
C5 0.39 0.27 0.12 0.39 0.29 0.12
C6 0.30 0.33 0.49 0.30 0.53' 0.47

All Chukchi 0.10 0.09 0.13 0.12 0.11 0.13

B1 0.20 0.15 0.12 0.24 0.15' 0.12
B2 0.26 0.11 0.12 0.26 0.12 0.12
B3 0.14 0.15 0.19 0.23 0.18 0.37
B4 0.15 0.30 0.24 0.16 0.35 0.99

All Beaufort 0.10 0.10 0.09 0.14 0.16 0.33

B1-83 0.11 0.10 0.08 0.16 0.11 0.20
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Table 29. Density of ringed seals { otal seals/nm2 ) in :relation to ice I'f deformation !n the BeaUfOr and Chukchi seas, 19B5-1987.I

I
II Sealslnm2

Deformation ,Chukchi

+B7
Beaufort II

1:t (percent) 1985 , 1986 1985 1986 1987
:1

I:J'I 0-10 3.2 5.6 ".3 2.1 5.0 6.4I
"

I
"

I 10-20 2.5 4.2 :2.6 3~7 3.9 5.3,I

I

.1

20-30 2.4 3.9 2.3 3.4 2.6 4.7

I30-40 1.5 2.4 1.1 2J9 2.0 4.1I
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2. Distance from the fast ice edge

In the Chukchi Sea there was no clear overall pattern in density relative
to distance from the fast ice edge for 1985-1987 (Figure 12). In some
sectors, seals were more abundant within 0-4 nm of the edge while in others
the reverse was true, and within sectors differences were not consistent
between years. For example, in sector C6~ seals were least abundant near
the edge i~ 1985, most abundant near the edge in 1987 and showed no clear
trend in 1986~ By themselves, the 1987 data (Figure 3) suggest a
relationship between the fast ice edge and seal density, but when all 3
years are considered, no firm conclusions can be drawn. '

, '

The results of 1985-1987 surveys in the Chukchi and Beaufort seas
corroborate these earlier 'studies (Figure 10)~~ In all years, regardless of
whether annual densities were high or low, hauled-out seals were less
abundant in rough ice.

To assess whether seals actually preferred large, flat areas for hauling
out, or whether lower abundance in rough ice was related to the absolute
availability of flat areas on which to lie, we examined whether the reduced
densities in rough ice' were proportional to the reductions in available
flat areas. '

Results of a linear .regression of density on ice deformation for all years
,combined (Figure 11A) indicated that density was highly correlated with
deformation (R=0.98, p<0.01). To determine whether the lower densities in
rougher ice were simply proportional to the availability of flat ice areas,
we corrected all densities as density per area of flat ice: for example,
in' an area of 30%-40% deformati on, total area in that category was
multiplied by 0.65 and a corrected density calculated based on that
corrected area (Table 30). Corrected density was then regressed against
percent deformation (Figure 11B). This relationship was also significant
(R=0.86, p<0.05), indicating that the relationship between, flatness and
higher density is not simply due to the availability of flat ice to haul
out on, but that areas with. large amounts of rougher ice are less desirable,
and that flat ,ice areas are preferred. The slope of the line was less in
the comparison using corrected densities, indicating that absolute
availability of flat ice areas is of some importance. The reasonS why
ringed seals prefer flatter ice are unknown, but may have to do with their
abil ity to detect approachi ng predators in more open areas. .

The preference by ringed seals for flatter ice was evident for all surveys
flown during early June, before breakup began. However, when 1986-87 data
from later surveys were analyzed, results indicated_that once the ice had
begun to crack and break up~ there was no longer an apparent correlation
between density and deformation (1986 .:. R=0.47, p>0.5; 1987 - R=0.88,
p>O.l). Densities were as high or higher in rougher ice as they were in
flat ice areas (Table 31).

, In the Beaufort Sea, analysis of density relative to distance from the fast
ice edge was complicated by difficulties in determining the exact location
of the "edge~1I The delineation between fast ice and 'pack was usually
abrupt in the Chukchi Sea, and was often marked by an' open 1ead. In the
western Beaufort Sea (sector B1) this was also ,usually the case. However,
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A.
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Relationship ,between seal density (total seals/nm2)
andice deformation for Chukchi Sea and Beaufort Sea
data, 1985-1987 combined. A - uncorrected density,
B - density corrected for flat ice areas only. See
text, for explanation .
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Table 30. ~ombined.de:nsit~es (l9~5119~7) ~f ringed seals (total seals/nm2 )

. In. relot10n: to lee defrrt10n 1n the .Beaufort Sea.

0··10 712 676 3,209: 4.51 4.75

10-20 516 439 2,233 4.33 5.09

20-30 476 357 1,636 3.44 4.58

30-40 246 160 643 2.61 4.02

>40 142 78 310 2.18 3.97
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Table 31. Density of rHig'ed seals (total seals/nm2 ) in relation to ice
deformation in early and mid-June 1986-87, Beaufort Sea.

Ice June 1986 June 1987
deformation early middle early middle

0-10 5.0 7.6 ,6.4 9.3

10-20 3.9 9.8 5.3 8.5

20-30 2.6 6.4 4.7 11.3'

30...40 2.0 6.9 4.1 15.0
~

1.9>40 1.9
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in the central and easter:Q. ~~aufort S.ea, particularly sectors B2 and B3,
identifying the edge from~;r,thEr"'survey aircraft'" was often difficult. Here
the edge was not a sharp 'break to obviously different ice, but rather a

,transition zone of pressure ridges~ shear lines, and 'refrozen leads.
Identification of the edge was further complicated by the fact that, in the
Beaufort Sea, large expanses of "attached fast ice" (Stringer 1982) form
seaward of the true fast ice zone. Early in the survey period this
attach~d fast ice is contiguouS with stable shorefast ice and the two are
extremely difficult to differentiate during surveys. As breakup begins,
the attached fast ice sheet begins to fracture along ridge and shear lines,
approximately parallel to shore, and the area of Hfast ice" may decrease
SUbstantially in only a few days. It is usually possible to determine the
location of the fast ice edge from satellite photographs. However, because
of the large scale of these photos, the accuracy of ice edge positions is
probably plus or minus 2-4 nm. .

These fact0rs cause problems in determining patterns in seal abundance
relative to the fast ice edg~. Nonetheless, based on 1985-1987 data, there
was a fairly clear relationship in the Beaufort Sea between seal abundance
and distance from the edge (Figure 13). When surveys were conducted prior
to the beginning of breakup, seals were less abundant near the edge. For
all sectors combined in the.pre-breakup 1986 data set, density within 4 nm
of the edge was 1~8 total seals/nm2 , compared to 2.5/nm2 beyond 4 nm•.

In 1986, additional surveys were flown a week later after a storm and after
the attached fast ice had started to break up (Frost et al. 1987). In
these post-storm surveys, the density of seals in sector B3 was
approximately 12/nm2 within 4 nm of the edge, with about half of those
occurri ng at cracks. Dens iti es beyond 4 nm from the edge were about 50%
lower. In 1987, all surveys were flown after the ice had begun to break up
under conditions similar to those during 1986 post-storm surveys. As in
the 1986 post-storm data, 1987 densities near the edge were also higher:
7.6 total sealslnm2 within 0-4 nm of the edge compared to 3.3/nm2 from
4-10 nm away (Figure 13). In sector B3, there were over 12 seals/nm2

within 4 nm of the edge, and about two-thirds .of them were at cracks.

Analysis of 1985 data was more complicated. Preliminary analyses of
density with distance to the ice edge presented in Frost et al. (1985)
indicated that densities were low near the edge and higher farther away.
However, re-examination of-the 1985 satellite ice photos indicated that in
sector B3 the actual fast ice edge was much closer to shore than we placed
it in the 1985 report, -and that the "edge" referred to then was the seaward
extent of the attached fast ice~ It is now obvious, 'a'fter additional
experience in the area, that an early breakup was underway in sector B3,
and that in terms of seal distribution patterns the fast ice edge was
better approximated by the 20-m depth contour than by the apparent "edge
determined in 1985.' Therefore, 1985 data were reanalyzed as distance from
the 20-mdepth contour. That analysis, as in 1986 and 1987 under breakup
conditions, indicated that density in mid-June was highest near the edge:
3.6 seals/nm2 within 4 nm of the "edge" compared to 2.5 beyond 4 nm. Early
Jun~ data, before breakup began, showed similar densities within and beyond
4 nm of the edge (1.6 vs 1.5/nm2 ).
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3. Distance from shore

Canadian investigators also found that ringed seals occurred in highest
densities in cracking ice, rather than on unbroken fast or rotten, melting
ice (Stirling et al. 1981a and b and Kingsley et al. 1985). They suggested
that these cracking conditions OCCur near or behind the edge and that the
as SOC iated hi gh densities of seals represented either a collapse in the
winter underwater social structure and the opportunity for more animals to
haul out at newly available sites, or an influx of seals from other areas.
Smith (1973) also believed that the increase in seals in his study area
near Home Bay after 15 June was due to an influx from other areas.

In, aggregate, these data;~i'~fu"gge,st that t~ei gi,?tributi~m and abundance of
ringed seals in the BeaOfort· Sea relatlVe\'i'i'tb the lce edge changes as
breakup be~ins. The distribution shifts from one where seals are
relatively widely distributed at holes away from the unstable fast ice
edge, to one where large numbers of seals Occur near the edge, especially
along newly formed narrow cracks. We believe this increase in density is
due to an influx of seals from other areas into the highly fractured
boundary zone between fast and pack ice, rather than simply a
redistribution of seals from immediately adjacent areas or a change in
haul-out behavior. Whereas the density of seals at holes 4-10 nm from'the
fast ice edge of sector B3 in 1986 increased 1.7 times after the ice began
to break up (from 2.8 seals/nm2 to 4.7 seals/nm2 ), the density near the
edge increased 4-fold (from 1.6 seals/nm2 to 6.5 seals/nm2 ). Comparisons
of early and late surveys in sector Bl in 1985 and 1987 also indicated an
increase in density between the two that occurred mostly near the fast ice
edge. In 1985, the increase within 4 nm of the edge was almost 400%, from
0~8 to 3.1 seals/nm2 , compared to a 24% increase at 4-10 nm from the edge.
In 1987, density ,within 4 nm of the edge increased from 3.9 to 14.5

.seals/nm2 , and beyond 4 nm, from 2.6 to 6.9 seals/nm2 •

Based on results of all 3 years of surveys, ringed seals were generally
1ess abundant withi n 2 nm of the coast than they were farther off shore
(Table 32, Figure 14). This tendency was the most consistent and
pronounced in the Chukchi Sea (R=0.906, p<0.05) where the coastl ine is
simple with no offshore barrier islands, and where depth increases quite
rapidly with distance from shore. In the Beaufort Sea, coastal topography
differs greatly among sectors, there are numerous barrier islands and
several large, very shallow embayments (Harrison Bay, Camden Bay, and Smith
Bay), and the width of the fast ice is quite variable. Sectors Bl and B2,
with relatively simple coast line and extensive fast ice, showed the same
pattern as the Chukchi Sea, with densities within 2 nm of land consistently
lower than farther off shore. Sectors B3 and B4 were less consistent,
probably because the fast ice edge was much closer to shore, extensive
barrier islands occur in these sectors, and in 1987 breakup was underway
during our surveys and there had already been a large influx of seals at
cracks. When seals at cracks were omitted from the 1987 data (there were
very few seals at cracks in the selected data base for other years), the
trend of increasing density with distance from shore for 1985-1987 combined
was significant for sectors BI-B3 (R=0.96, p<O.OI, Figure 14B).

In their 1970 surveys, Burns and Harbo (1972) also found a tendency for
density to increase with increasing distance from shore in sector B2 (their
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68 I
ringed seal sl -Table 32. Density of Itota1 seals) )n relation to distance Ifrom shore in the ChUkCh1 and Beaufort seas, 1985-1987.I , . .

'I

'I;1 Distance from shore (nm)
, ,I Sector Year 0-2

t 1 2-4. 4-6 6-8 8-10
I I II It

,I I i

Cl 1985 2.6 2.6 2.8 3.1 2.9 Ii 1986 3.6 4.7 4.8 7.7 6.7
'I '1987 1.5 3.9 3.9 3.4 5.4

i'i I

II C2 1985 3.1 2.6 2.7
1986 3.0 3.6 6.8 6.8
1987: 2.5 3.0 3.6 9.0

C4 1985 ' 1.2 3.6 4.2 2.5 3.4 I
I 1986 4.5 4~9 5.2 6.9 4.7

1987 2.8 5.7 3.3 4.0 3.9 IC5 1985 1.3 3.3 2.1 1.8 1.3
" 198'6 1.9 3.1 2.7 2.7 2.1

1987 2.4 2.6 2.9 2.9 2.1 'I
C6 ' 1985 1.3 I 2.3 2.2 2.3 1.3

1986 1.7
. r

2.2 3.0 3.7 2.6 II
1987 1.8 !. 2.9 5.3 2.6 2.9

I 3.1B1 1985 1.3 1.8 2.8 2.2 I1986 1.9 I 2.7 2.8 2.5 1.5"

1987 1.4 I 2.2 2.6 3.6 3.6
I ;

I:1 B2 1985 0.2
f,

2.0 1.9 2.0 2.0
" 1986 2.6 3.9 ~.5 3.9 3.9

\ 1987 1.9 I 3.0 4.1 5.8 5.8
! IB3 ' 1985 1.3 f 2.1 3.3 4.1 6.8

" 1986 4.8 3.8 $.5 3.5 4.1
1987 6.2 " 5.0 13.3 ' 7.3 7.3 I' f

B4 1986 0.2
I

1.8 2.2 2.8 2.5'. 1986 4.5 5.4 19.9 10.3 6.9f

I1987 [26.9
11

0

•

0 5.2 4.7 4.0
j

I
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sector IV). In'HudsoniBay, Smith [(l975) found no clear relationship of
densitY relative, to dis~,ance from s~olre. ,In ',Ho,me B',ay (Ba,ffin Island) Smith
(1973) found that seals fwere much less abundant beyond 18 miles from shore.

I ' i -:

The factors contributing to onshor~-offshore;abundance patterns are poorly
understood, but may include such thjnlgsas depth, ice topography, proximity
to active ice areas, and prey availability•• In the very,nearshore region,
ice may freeze all the ~ay to the b6ttom, entirely:extluding seals.

, I I '
4. Pack Ice I

, '

- I
Although· the primary objective o'f our surveys; was to determine the
distribution and abund~nce of ringl d seals on the shorefast ice, some
survey 1ines extended il')to the pack! lce. In gener:al, coverage of the pack
ice in these and earlier aerial surveys has not be~n extensive in any year,
and has not included every sector eve~y year. i

Inter-annual variationsbn denSjtje~eCOrdedfor Aack ice were large, with
va 1ues for the same sef=tor di fferi n by as much! as a factor of 8 or 9
between years. For example, in sec~or C2 we.coun~ed 8.0 seals/nm2 on pack
ice in 1985 compared to 11.3 seals/nrt12

1 in 1986: and 4.6/nm2 in 1987. Whereas
densities in fast ice's'ince 1970 haVe -fluctuated 'from about 50% below to
40% above the mean, derisities in patk ice have ~luctuated by over 100%.
Part of this may be beca'use much of:the pack ice s4rveyed was near the fast
ice.edge, which isan a~ea ~here di~tribution ~harges markedly as breakup
beglns. Surveys conducted ln the (same calendar :week may reflect vastly
different ice condition~ or breakuplchronology fro~ one jear to the next.

'In the Beaufort Sea, density int~e pack' ice ~enerallY decreased with
distance from the fast 1ce edge. Regressions of seal density on distance
from the edge out to 2d nmwere s i:gr' ifi cant for seal sat holes and total

" seals in all 3 years (Table 33). In 1985 and 1987~ years when the ice was
beginning to crack and break up dur,i g some of our surveys, the density of
sea'ls at cracks was sig'nificantly hilgher within a few miles of the edge,
and lower but generallylsimilar irt t~e pack ice f~rther off shor~. In the
early June 1986 surveys , seal s atc~,acks were not more abundant near the
edge; there was no signi~icant tren~ ~n density with distan~e from the edge
(R=0.429, ,p>0.2). Ho~ever, 1 w~ek later after breakup had begun,
distribution of seals at cracks was similar to that in 1985 and 1987:
sea'ls at cracks were muc:h more abundaht near 'the edge (R=0.845, p<0.002).

Pack ice dens iti es based
l

on surveys lc~nducted very ,near the edge shoul d not
be used to estimate the number ofl seals in offshore areas. This is
particularly true if there is any in~ication, that;' breakup and aggregation
of seals near the edge was underway at the time of the surveys. The ,data
for ~9~5-1,987 sugges~ th,at, for al1,lsur~ey,s", densiti.esof seals at holes
stablllze about 10 mlles from the fast lce edge at Just under 1 seal/nm2

(Table 34). The density of seals: at cracks was: more variable, but the
range (0.4-2.1/nm2 ) was Iconsiderabl~ less farther offshore than nearer the

,edge (0.3.,.5.5/nm 2).; I. '
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Table 33. Density of rin'ged seals in the pack ice relative to distance
from the'fast ice edge, Beaufort Sea, 1985-1987.

1985
Seals at holes/nm2 (total seals)

1986 1987
Distance ear1y 1ate

0-2 ,1.7 (3.9) 2.6 (2.7) 2.5 (12.9) 2.0 (6.6)

2-4 1.8 (3.9) 1.7 (1.9) 1.8 (7.4) 1.5 '(2.7)

4-6 1.6 (3.8) 2.0 (2.1) 0.9 (4.4) 1.3 (3.2)

6-8 1.7 (3.6) 1.7 (1.8) 0.7 (5.5) 1.3 (3.8)

8-10 1.5 (2.6) 0.9 (2.0) 0.9 (3.3) 1.4 (3.2)

10-12 ' O.9( 2.0) 1.1 (1.7) 0.7(3.2) 0.6 (2.1)

12-14 1.1 (2.1) 0.7 (0.9) 0.4 (3.5) 0.8 (1.6)

14-16 1.0 (1.8) , 0.4 (0.4) 0.9 (3.1) 0.9 (2.7)

16-18 0.6 (1.7) 1.1 (1.4) 0.9 (2.0) 1.7 (3.1)

18-20 0.1 (1.9) 0 (1. 2) 0.5 (1.4) 0.3 (0.3)

IT'



1985 1.6 (3.6) o.16
f

( 0.35) 0;.9 (2.0) 0.16 (0.28)

1986 Early L8 (2.1) 0.21! (0.22) 0~8 (1.2) 0.19 (0.23)
Late 1.4 (6.9) 0.22i (0.66) 0~6 (2.7) 0.09 (0.46)

r

I

0~9 (2.6) (0 ..59 )1987 1.9 (5.1) r 0.22; (0.59) 0.13
I

Density of ringed seals! Ise~ls/nm2) in'the pack ice from 0-10
and 10-20 n~ from the fast lce edge, Beaufort Sea, 1985-1987.
Values without parenthe'ses are for seals at holes only; values
in parentheses are for tJtal seals. '
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, D. Ringed seal abundance
.. I'

1. Chukchi Sea

Aerial surveys for ringed seals conducted in 1985-1987 were the most
extensive and systematic ever flown in the Chukchi Sea, and the first for
which between-year statistical comparisons were possible. In all sectors
of the Chukchi Sea, the density, of total seals on the fast ice was
significantly greater in 1986 than in either 1985 or 1987 (Table 35). The
combined Chukchi Sea density of total seals in 1986 was 1.6 times the 1985
density and 1.7 times the 1987 density. Seals at holes were also more
abundant in 1986 in every sector except C2 where 1986 and 1987 densities
were ,similar. In all 3 years for all sectors combined, the density of
seals at cracks was quite low, equalling only 1%-6% of total seals. Sector
C2 in 1985 and 1986 (11% and 17%) and C6 in 1986 (22%) were the only
sectors where more than 10% of the total seals were located along cracks.

Based on 1985-1987 data" densities in the Chukchi Sea south of Point Lay
(sectors CI-C4) were consistently higher than densities to the north in
sectors C5 and C6 (Table 36). This was not the case in data reported by
Burns and Eley (1978) for June 1976, when sector Cl, Kotzebue Sound, had
the lowest density in the entire Chukchi Sea (0.93/nm2 ) and sector C6 had
the second highest (4.96/nm 2 ) (Frost et ale 1985b). However, 1976 surveys
were flown duri ng the second week in June, a1most 3 weeks 1ater than our
surveys. We think the low density in Kotzebue Sound, and probably the high
density in C6, reflects the 'different timing of the surveys rather than a
lower density of seals. In 1986 and 1987 when we returned to Kotzebue
Sound in mid-June to conduct belukha whale surveys, we saw very few ringed
seals hauled out on the iceJ Although the fast ice was still in place, the
ice was rotten and melting and conditions were very poor for hauling out.
Since we observed considerably higher densities of seals in the Beaufort
Sea in mid-June than in early June it is reasonable to think that the
northern Chukchi Sea experiences a similar increase.

The analysis of pre-1986 northern Chukchi Sea aefial survey data presented
in Frost et ale (1985b) indicated a steady decline in the density of ringed
seals in t~e northeri Chukchi Sea from 1970 through 1985. When 1986 and
1987 data are added to that analysis, it, appears that the 1985-1987
densities, although variable from year to year, are consistently lower than
those reported for the 1970's (Figure 15). The difference in densities is,
in actuality, probably greater than Figure 14 indicates, since some of the
earlier surveys were flown at 500 ft, which results in estimates lower than
those obtained at 300 ft. It is unclear whether this apparent recent
decrease in densities between Point Lay and Wainwright is a real reflection
of changi ng seal abundance, or is an artifact, of survey methodology.
Surveys conducted in the 1970's consisted of lines flown parallel to
instead of perpendicular to the coast, and thUS, depending on the location
of lines relative to the fast ice edge, could reflect higher densities
found near the edge. In 2 of our 3 recent survey years, densities within
0-4 nm of the edge in sector C6 were 1.6-1.7 times greater than densities
away from the edge. The 1970 l s surveys were also conducted as much as 2
weeks later than 1985-1987 surveys , which means that they may reflect a
seasonal increase of hauled-out seals similar to what we found in the
Beaufort Sea. We conclude that recent surveys cannot be considered
comparable to those conducted in the 1970's, which were flown using
different survey methodology and ata later date.
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1987

Total

19861985

2.50 2.07 3.10
(0.21) (0.16) (0.19)
n=20 n=20 n=21

3.77 6.06 3.62
(0.18) (0.26) (0.21)
n=76 n=86 n=85

2.69 3.59 2.59
(0.41) (0.40) (0.16)
n=16 n=17 n=18

4.63· 6.81 3.80
(0.43) (0.38)' (0.61)

n=16 n=16 n=16

2.01 9.44 12.05
(0.16) (1.67) (6.09)
n=14 n=12 n=15

3.33 3.99 8.08
(0.39) (0.37) (1.51)
"=35 n=15 n=23

2.74 3.63 4.44
(0.31) (0.22) (0.27)
n=14 n=21 n=21

3.01 3.31 4.82
(0.24) (0.18) (0.49)
n=69 n=56 n=65

2.90 3.81 5.51
(0.23) (0.32) (0.93)
n=88 n=68 n=80

3.97 7.54 3.92
(0.30) (0.40) (0.35)
n=19 n=16 n=18

3.69 5.38 4.56
.(0.63) (0.78) (0.89)

n=17 n=22 n=21

2.44 4.00 2.70
(0.28) (0.88) (0.65)
n=14 n=15 n=12

I

1986 1987

0.92 0.03;
(0.35) (0.02).

0.17 . 0.23 ;
(0.08) (0.17)',

0.04 0.00;
(0.04 (0.00):

i
i

0.90 • 0.05 !
(0.52) '(0.08):

0.32 0.03 I
(0.11) !(0.03):

0.03' 0.08
(0.03) '(0.04) i

i
I

0.29 . 4.51 I

(0.20) 1(1.46)!

5.24 : 8.53
(2.04)(6.01)

0.10 . 1.08
(0.06) :(0.47) i

0.06 . 0.11
(0.00) :(0.06)

0.20 1.79
(0.30) ,(0.91)

1985
f

0.4'0
(0.1,5)

I
l

0.26
(0.1'8)

I,

,,
0.29 0.25 0.01,

(0.i6) (0.19) (0.00)
~

0.18
(0.09)

I
i

0.5~

(0.22)
I,
i

1.72
(0.35)

r

0.37
(0.12)

I
I

1.12
(0.24)

I
I.

t
1.03

(0.18)
I

t

. (g:gg),
l
I

0.0.0
(0.00)

I
i

0.23
(0.10)

19871986

,.
Seals at holes

1985

Comparison Q.fth~ de~~i~. ~es (seal.~/nm2) of ringed seals hauled
out on the fast lce 1n t~e Chukch1 and Beaufort seas, 1985-1987.
A11 data from surveys flown at 5QO ft have been corrected to
make results comparable tio data collected at 300 ft.

!'. : I '
.; . l

...: ; 1----.:..·--...;--"'--------
Mean density (SO)

~

3.68 7.29 3.92
(0.14) (0.26)! (0.35)

3.29 4.46 4.53
(0.62) (0.51) :(0.89)

I
I
'.

2.69 3.55. 2.59
(0.41) (0.37) (0.16)

4.37 6.64 3.57
(0.37) (0.41) '(0.47)

2.44. 3.10 2.65
(0.28) (0.40) ,(0.66)

2.32 2.07 3.00
(0.21) (0.16) (0.19)

2.15 3.60 4.35.
(0.29) (0.21) (0.27)

3.54 5.74 3.58
(0.14) (0.21) 1(0.20)

1.61 3.70 3.57
(0.11) (0.28) (0.35)

1.65 4.21 3.52
(0.12) (0.65) (0.44)

1.87 3.30 3.72
(0.10) (0.16) (0.16)

1.89 3.21 3.74
(0.12) (0.16) (0.11)

Cl

C4

C2

C5

C6

82

B4

61

63

61-63

All
61-64

Table 35.
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1985 1986 1987
Sector density rank density rank density rank

C1 3.97 2 7.54 1 3.92 2'

C2 3.69 3 5.38 3 4.56 1

C4 4.63 1 6.81 2 3.80 3

C5 2.69 4 3.59 5 2.59 5

C6 2.44 5 4.00 4 2.70 4

C1-C6 2.77 6.06 3.62
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Table 36.,

75

Comparison of ringed seal densities (total seals/nm2 ) on the
shorefast ~ceH0f:i'the Chukchi Se~I;9ased on surveys ,
conducted 1n-1985-1987. All data from surveys flown at 500 ft
have been corrected to make results comparable to 4ata collected
at 300 ft.
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Sector densities were mUlfi'p'iied' by total area of fast ice to estimate the
number of seals hauled out on fast ice of the Chukchi Sea in 1985-1987
{Table 37}. The total estimated number of seals in sectors CI-C6 ranged
from 18,400 ± 1,700 in 1985 to 35,100 ± 3,000 in 1986. The 1987 estimate,
20,200 ±, 2,300, was similar to 1985. The area of fast ice was variable
from year ,to year. In some areas, both density and area increased or
decreased from one year to the next, causing large differences in the
estimated number of seals. In other areas, changes in density were
partially masked by opposite changes in density and in the area of fast
ice.

2. Beaufort Sea

Annual and geographic variations in density were less regular in the
Beaufort Sea than in the Chukchi Sea (Table 35). In 1985', the density of
seals at holes was highest in sector Bl and lowest in B3, but because of
substantial numbers of seals at cracks, the density of total seals was
highest in sector B3. In 1986, densities of seals at holes and total seals
were significantly greater than in 1985 in all sectors except Bl, where the
density was significantly lower. In sectors Bl and B2 in 1987, all
densities were significantly greater than in the 2 previous years. In
sector B3, the density of seals at holes was similar to 1986, but seals at
cracks were far more numerous (4.5 vs 0.3/nm2 ). In both 1986 and 1987, the
densities of all types of seals were very high in sector B4, primarily
because of the large numbers of seals,at cracks (4.5-8.5/nm2 ). Breakup was
clearly underway in this sector when it was surveyed, with extensive
fracturing and cracking of the fast ice, suggesting that the densities were
probably not indicative of overwintering seal abundance. No' pre-breakup
surveys were available for sector B4 in 1986 for comparison, so changes in
distribution and abundance could not be assessed as they could be in the
central Beaufort Sea Where both pre- and post-breakup surveys were
conducted.

In the central Beaufort, the density of total seals was lowest in 1985,­
intermediate in 1986, and highest in 1987, but densities for 1986 and 1987
do not reflect the same ice conditions relative to breakup. Annual

, variability in the arriv,al of "spr ing" and the onset of breakup makes it
difficult to conduct surveys under exactly the same conditions from year to
year. Although the timing of surveys relative to calendar date can be held
constant from year to year, the timing relative to breakup is more
difficult to assess and control. For example, in some years, ice in the
Beaufort Sea remains white, unbroken, and relatively free'of meltwater
until, the second week in June. In 1985, several days of warm, sunny
weather produced "mid-June" conditions by June 2. In 1986, a storm from
7-11 June caused major changes in ice conditions. In 1987, by the time we
surveyed the central Beaufort Sea on 3-7 June, breakup was underway. The
chronology of breakup substantially affects the total area of fast ice
coverag~ and, consequently, estimates of the total number of seals on the
fast ice. In some areas, the ice breaks up at such a rapid rate that what
is classified as fast ice one day may be called pack ice several days
later. This was true in the Beaufort Sea in 1986 when the area of fast ice
in sector B3 (01iktok to Flaxman Island) decreased by almost 2,000 nm 2

between 6 and 12 June. '
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Table 37. Density and estimated numbers (95% confidence limits) of total seals hauled out on fast ice of the
Chukchi Sea during aerial surveys conducted in May-June 1985-1987. Densities based on counts made
at 500'ft have been multiplied by 1.32 to make them comparable to densities obtained at 300 ft.

1985 1986 1987
estimated estimated estimated
number of number of number of

fast ice hauled-out fast ice hauled-out fast ice hauled-out
Sector area-nm~ density seals area nm 2 dens ity seals area nm 2 density , seals

---~. ~.~.~. ~

_ _ • __~.~ _ _ __ ~_._~.~ __~_ _ •••~._~_.......,....., _-.,-';:~ct"__ - ~_. _".. __ ~-~~'-~--'_-~---,~._

Cl 2,590 3.97 8,800-11,800 2,515 7.54 17,000~20,900 2,390 3~92 7,800-11,000
(±0.59) (±O.78) (±O .69) .

C2 ,370 3.69900-1,800 650 5.38 2,500-4,500 655 4.56 1,800-4,100
~ ~ __(.±1.23). _ ---,"~ - -- . -..~ ~ --- -;- -,- -(±1-. S3l..,. - -,~ ~--- .~. -,-' ~~---- . ,~'-- .('±l';,74·J-· .....-- --.----- ---, '-.,--,

C4 845 4.63 3,200-4,600
(±0.84)

C5 610 . 2.69 . 1,200-2,100
(±0.80)

-. -- ----'C6--"-----"'- '--475""'- '2.44' "." '900;:1~400'

(±0.55)

990 6.81 6,000-7,500 715 3.80 1,900-3,600
(±0.74) (±1.20),

905 3.59 2,500-4,000 - '995 - 2.5'9 '-2~300-2;900

(±0.78) (±0.3I)

.. 740- - 4~OO-- T;700-;':4,-200" ' ... 830-- - '--2:1fj''''"' T~206~3,300

(±1. 72) (±1.27)

.Chukchi 4,890
Total

3.77 16,700-20,100
(±0.35)

5,800 6.06 32,200-38,100 5,585 3.62 17,900-22,500
(±0.51) (±0.41)

"'-J
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- - - - _. - - - - - - _. - .- - - - - -
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Breakup further compl icate"s the interpretatjon; of density information by
increas i ng the inci dence (of cr'a'cks and sealls at cracks. Whereas sea'l sat
holes in fast ice are assumed to be winter residents of an area, the status
of those at newly formed cracks or in broken ice is less certain. Because
breakup proceeds generally from south to north, and seals'migratenorth as
breakup progresses, many of the seals in cracked and broken ice may
represent an influx of nonresident,. migrating seals. In the Chukchi Sea,
this probably has had little effect on our surveys of the fast ice, since
surveys were conducted prior to significant break-up of the fast ice sheet.
In the Beaufort Sea, however,major changes in fast ice conditions with
concurrent changes in seal di stri buti on, have occurred· during the survey
period. In 1986, a 5-day period of high winds caused major changes in the
position of the ice edge and in the incidence of cracks. Replicate flights
conducted 3-4 days apart, ei ther before or after the storm and under
similar ice conditions, produced statistically comparable results, but data
from surveys before and after the period of high winds were significantly
different. ' Both the observed dens ity of tota1 sea1s and the proport ions of
seals at cracks increased greatly after the storm when ice conditi,ons
indicated the beginning of breakup. This increase could have been due to
one or more of several factors: (a) more "resident" seals hauling out as
the season progressed, (b) more hauled-out seals becoming visible as snow
melted and haul-out lairs collapsed, (c) seals abandoning holes and hauling
out at newly formed cracks, as suggested by concurrent increases in the
density of seals at cracks and decreases in the density of seals at holes
in sector B2, (d) seals moving into an area from another region, as
suggested by increases in total density and increases in the density of
seals, at cracks which far exceeded the relatively small decreases in seals
at holes, and (e) seal pups increasing in size and molting to adult pelage,
thus making them more visible to observers. Any of all of the above
factors may have been operative in a particular sector. .

The distribution of seals relative to each other and to the fast ice edge
changed markedly during our surveys. In early June 1985 and 1986, prior to
the onset of breakup, the density of seals at holes was similar (1985) or
lower (l986) within 0-4 nm of the ed'ge than it was elsewhere. Very few
seals at cracks were observed. Later in June in 1986, distribution
changed: near the ,edge (0-2 nm) seals at holes inc~eased from 1.1
seals/nm2 to 6.9/nm 2 , and seals at cracks increased from zero to 7.2/nm2

(in sector B3). In 1987, when all surveys were flown after the beginning
of breakup, densities near the edge were also very high: over 12 seals/nm2

occurred within 4 nm of the edge in B3, and over 7 seals/nm2 for all
Beaufort Sea sectors combined. Most of the seals were at cracks.

The average group size of seals at holes tended to increase with date, as
did the percent of total,seals found at cracks.~ Between early and mid-June
surveys in 1986, group size in sectors B1-B3 increased from about 1.3
seals/group to over 1.6 seals/group. In other years, the differences were
les~ pronounced, but the tendency was the same (Table 38). The percent of
seals at cracks also generally increased with date, particularly in the
central Beaufort Sea (Table 39). In sector B4, seals at cracks made up 18%
of total seals in 1985 and over 50% in 1986 and 1987. In contrast, in
sector B1 seals at cracks never made up more than 10% of the total seals.
In sectors B2 and B3, year-to-year differences were substantial, ranging
from less than 10% to over 50%.
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June 1987
early middle

on fast ice of the Beaufort

June 1986
early mi,ddle

June 1986 June
i early mi!ddle early middle

Avera~e number of seals/qrOUD

June 19
early: middle
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June 1985
early middle
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Average gro~p size of Jinged seals
Sea, 1985-11987. I
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In combination, we think these observed changes in group size and in
percent of seals at crack"s'suggest that a "<~ubstantial influx of ringed
seals occurs in the Beaufort Sea as breakup begins. Before breakup beings,
group size is about 1.3 seals/group, seals at cracks make up less than
20%-30% of 'total seals, and densities are not particularly high near' the
fast ice edge. After breakup begins and new seals move into the area,
distribution changes considerably. In 1986, when surveys occurred both
before and after the beginning of breakup in sector B3, we were able to
compare areas under both conditions. These comparisons indicated that most
of the incoming seals were found near the fast ice/pack ice boundary zone.
Comparable increases in observed density did not occur near shore; although
sea1s at, cracks were more abundant after the ice began to break uR, the
density of seals at holes was actually slightly lower. In 1986, a similar
influx of seals probably also occurred in sectors B2 and 84, as suggested
by both the high proportion and high absolute density of seals at cracks in
those areas.

The dynamics in sector B1 were considerably different. Cracks, and seals
at cracks, were not common in any year in either early or mid-June surveys,
probably because of the effect Point Barrow has on stabilizing the fast ice
in that area. Ice conditions in sector B1 changed very little during the
1986 storm and the proportion and density of seals at cracks were similar
in early and mid-June surveys. Unlike sectors B2 and B3 where the density

'of groups actually decreased slightly in later surveys, in sector B1~ the
density of groups of seals as well as of seals increased (Frost et ale
1987). As in the other sectors, this could have been due to an influx of
nonres i dent seals whi ch, in the absence of cracks, haul ed out at other
seals' holes or lairs. Kelly et ale (1986) found that in most instances, a
seal maintains more than 1 lair. We think it is possible that the
nonresidents use these "empty" lairs before cracks form. Alternately, the
concurrent increases in sightings and density may have reflected a higher
proportion of seals hauled out on the later date, and/or a higher
proportion visible due to the collapse of lair ceilings as the snow melted.
Studies in Kotzebue Sound and the Beaufort Sea have shown that the duration
of haul-out events doubles from March to June and that the onset of basking
(hauling out on the surface of the ice instead of inside a lair) varies
considerably among individuals (Kelly et al. 1986). Since those studies
terminated in early June, it is unknown whether or not haul-out duration
continues to increase after that time.

Other investigators have reported' similar increases in density' and/or
changes in distribution as the spring season advances. Helle (1980)
documented a 10-fold increase in density of hauled-out ringed seals in the
Baltic Sea ~etween mid-April and late May and concluded that mid-April was
too early for surveys. Smi th (1973) found that counts in Home Bay were
approximately stable from 26 May until 5 or 6 June, increased and
fluctuated around a higher peak from 5-15 June, and increased again after
15 June. He suggested that increases after mid-June were probably due to
an influx of seals from another area.

Finley (1979) found that in some areas of the Canadian Arctic, densities of
ringed seals re~ained relatively stable from early June into July, whereas
in others there were great increases in density. He, like Smith,
attributed such increases to influxes of seals from other areas. As
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density increas~d, in tihese areas,l 'in1ey n,oted that seals aggregated in
larger numbers at holes and ln ver~ large groups along cracks. In Aston
Bay, the ratio of sea1!s to holes jincreased from 0.33:1 to 2.63:1 as the.
season progressed, wit~ as many as 119 seals found around a single hole.
Fi n1 ey suggested that :soci a1 stru'eture may brea'k, down as areas recei ve
influxes of seals from areas of :uhstab1e ice, lresulting in the larger
groups seen later in the season. t I He proposed, i as we have, that large
groups of seals at ho1~s and the pr~sente of many seals at cracks may be
indicative of seals that are non-r~sident, wherea~ small group size and few
seals at cracks represent relative ;stability in the local population.

In a further attempt t~ determine: Jhe cause and ;geOgraPhic extent of the
apparent influx of nonresident sea1L and to de~ermine ~whether there was
any portion of the fast ice where densities. remained 'more constant, we
compared 1986 densities: for all fas't ice with that: for fast ice within 6 nm
of land. Whereas pr~- and pos~-storm tomparisons for all fast ice
indicated differences [of greater; than 1. sea1/nm2 {25% to over 100%
increases or decreases)l' the chang~ near shore wah much less. Within 6 nm
of land (sectors 81-B3 combined), ~he density ofjsea1s at holes increased
only 6%, from 3.5 ~o 3.7 seal~/nm2. 'A1thoLgh the difference was
$ign~ficant ~t=4.763, ~<0.001), ~h~~e was considdrab1e overlap in the 95%
confl dence 1nterva1 of, the estlmated number off seals (5 ,017 ± 739 vs
5,380 ± 767, area = 1,450 nm2). .~ l I .

We suggested (Frost et:a1. 1987) tt at if for u~avoidab1e reasons future
surveys' must take p1acel after breakulp has b~gun a!1d cra,cks are widespread,
it might be possible to utilizet~e nearshore portion of transects for
annual comparisons. However, a cldser analysis ;of the 1986 data showed
that, although the combined sector' En-B3 densiti~s of seals at holes were
similar with.i~ 6 nm Of shore fod Ithe 2 survey: p~riods, the individual
sector densltles were i not (Tab1e~ ~O). The denslty of seals at holes
increased 26% between sUrveys in sector Bl, and decreased 17% in sector B3 •.

Although all. of our ~u~veys in: ~987. occurred, after the beginning of
breakup, we dld have re'p1lcate surveys ln sectors:Bl and B3, flown about a
week apart. The density of seals :at holes within 6 'nm of shore increased
83% during that period: in sector Bll, and increas¢d 52% in sector B3. In
combination, the figures in Table 4q indicate that the ~rea within 6 nm of
shore is not any moie suitable I10r inter~ann~a1 comparisons of, data
co11 ected under di fferent, ice condiiti ons than is the entire fas t ice zone.

We cone1 ude that in o~der for me~n~ngfU1 compar1 sons to be made between
years, surveys must be iconducted p'rior to the onset of breakup and before
seals have started to I move in fr~orh other areast and aggregate in large
~roupsnear the fa~t i ~e edge. In ls~me yea,rs, suc;h as 19.87, thi s may occur
ln early June,whl1e lin other yea'rs thelce may: be sUltab1e for surveys
until mid-June. The ~est indicati~ns ,of whethe'r or not conditions are
suitable are the percehtage of seals at cracks relative to total seals,
group size, the presenc:e of numeroos cracks, and tlhether the attached fast
ice in the central Beaufort Sea has begun to crack and break off from the
actual shore fast ice~. If this'l process is well advanced it can be
determined from satellite photos of the ice. I. Early in the process,
reconnaissance flights at low altitu~e are necessairy. .
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Table 40.' Density of seals,within 6 nmof.shore in early and mid-June,
1986-1987. i!If!""~' ~: " .. ! i 'I";;:"~

1986 Hole 3.46 3.71 2.38 3.00 4.56 3.79
Crack 0.01 2.66 0.0 0.86 0.02 3.04
Total 3.47 6.37 2.38 3.85 4.58 6.84

1987 Hole 2.91 4.53 1.93 3.53 3.19 4.86
Crack 2.19 4.28 0.04 0.78 2.04 5.78
Total 5.10 8.81 1.97 4.31 5.23 10.64
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Early in the season wher ice conditi ns are most ~uitable for surveys it is
'also most difficult to!, determine itlilt1e location of the fast ice edge. In
some sectors the problem is more acu e than others. In ,sector B1, the edge

,is usually well-defin~d. Howevet,in sectors: B2 and B3, it is very
difficult at low altitude to differentiate fast' ice from pack ice. We
therefore analyzed o~r ~ata in sever 1 different ~ays to see if there was a
fixed parameter that could be usetl to determine ending coordinates of
transect 1i nes before the surveys,' and whiC,h woul d produce dens iti es that
compare favorably with! those for lf~st ice' as a: whole. Using data from
sectors B2 and B3, where distinguishing th~ ice ~dge is most problematic,
we compared densities for all fast iice (edge; usualily determined by matching
satellite photographs ~ith field notations); with, those ,for ice within 10
and 20 nm of shore and for all ,ice within the 20-m depth contour, which,
according to Reimnitz a~d Kempema (1 84) and: Stringer (1982), approximately
delimits the seaward edge of fast: ice (Table 41). According to Reimnitz
and Kempema (l984) there is a hand of shoals in' the central and western
Beaufort Sea that -lies :approximate,ll along the 18- to 20-m depth contour.
These shoals cause pac~ ice to gro~nd and form a protective zone of ridges
which protects and stabilizes the fdst ice. For ~seals at holes and total
seals, density within the 20-nm con~our most clo$ely approximates density
on the fast ice (Fi gui1e 16). Wher~as the 20-m: depth, contour corre1a tes
with position of the I fast ice eqge, the 10-rim and 20-nm bounds are
arbitrary and may falll in very dif~erent places ,relative to the fast ice
edge in different sectbrs. We then~fore suggest' that future surveys use
the 20-m depth contoun to del imit the seaward end of survey 1ines, and
inter-annual comparisons be made onl for ice within the 20-m contour. By
so doing, a comparable: area is inc uded in the, data from year to year.
Also, this is the area most likely It be impacted ;by human activities.

The total number of sea~s within the l 20-m depth c~ntour in the Beaufort Sea
was estimated by multiplying the derSity of seal,s by the area of all ice
between shore and the :20-m depth contour. Shallow areas (<3 m) of large
embayments (Harri son and' Smi th ba~s) were excil uded from the ana lyses
because they freeze to ~he bottom. I The estimated !numbers of seals at holes
and total seals within 'ithe 20-m depth contot,lr wer,e higher in sectors B2-B4
in 1986 than in, 1985, with no overnap of 95% confidence, limits. Although
the density in sector B1 was silgnificantly Jower in 1986, the 95%
confidence 1imits: overl~pped consiqerably (Table ~2).

Compari sons between eanly June 198~ Isurveys 'and 1~87 surveys indi cate that
substantially more totaJ seal s w~re haule~ out: on ice within the 20-m
contour in 1987~ The number of seal~ at hol~s was more variable, with more
seals in some sectors ~nd less or; Similar humbe~s in others. As pointed
out in earlier discussions, the 1986 and 1Q87 surveys, although occurring
on approximately the sa~e dates, r~p~esentedldifferent ice conditions. The
mi d-June 1986 surveys i',n sector B3;,' Iconducte,.dafter breaku,p had beg,un, are
more comparable to 1987 surveys. ~,~stimates of the numbers of seals for
those surveys are simil;ar to- the 1?87 estimates: : 7,200 ± 900 for mid-June
1986 and 6,700 ± 2,200 ror 1987.;[1 i, - ,_

Historical data also i"dicate substantial year-to-year:variability in the
occupancy of nearshore !areas by ri'nged seals. Data are available for the
Alaskan Beaufort Sea since 1970 (Burhs and Harbo 1970; Burns and Eley 1978;
Burns et al. 1981a; Burhs and Kell~ 1982, reanalyzed in Frost et al. 1985).
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Holes Total
Year Zone nm density sd dens ity sd

1985 <20 m 322 1.98 0.14 2.80 0.14
fast 564 1.76 0.12 3.17 0.30
10 nm 246 1.87 0.17 2.36 0.31
20nm 477 1.82 0.12 3.22 0.37

1986 <20 m 320 3.99 0.21 4.15 0.24
fast 463 3.64 0.17 3.77 0.20
10 run 163 3.93 0.26 4.02 0.27
20 nm 346 3.82 0.18 3.98 0.21

1987 <10 m 354 4.15 0.23 6.16 0.69
, fast 340 4.09 0.22 5.64, 0.69
10 nm 226 3.44 0.28 6.19 0.81 '
20 nm 442 3.35 0.25 5.39 0.45'

Densities (seals/nm2 ) of ringed seals on different portions of
the ice in sec;tors";B2 and B3~'1985:.1987.. ,/.:-,' ',/ ."' ~
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Table 42. Density and estimated numbers (95% confidence limits) of ringed seals hauled out on ice within

the 20-m depth contciur during aerial surveys conducted in the Beaufort Sea, June 1985-1987.

nm 2 within 1985 1986 1987
Sector 20-m contour density number density number density number

A. Seals at Holes

B1 1,lbo 2.28 2,100-2,900 2.08 . 1,800-2,700 2.98 2,900-3,700
(±0.40) (±0.41) (±0.37)

B2 1,800 2.06 2,800-4,600 3.73 5,900-7,500 4.57 7,300":9,200
(±0.49) (±0.45) (±0.53)

B3 800 1.93 1,300-1,800 4.57 3,000-4,300 3.51 ' 2,300-3,400
(±0.34) (±OJ9)

.
(±0.68)

B4 450 1.77 600-1,000 4.08 1,300-2,400 3.16 1,000-1,800
(±0.43) (±1.25) (±0.84)

B1-B3 3,700 2.09 6,900-8,600 3.40 11 ,200-14,000 3.80 12,800-15,400
(±0.23) (±0.38) (±0.35)

B. All Seal s '

B1 1,100 2.40 2,200-3,200 2.08 , 1,800-2,700 3.10 3,000~3,800
(±0.46) (±0.41) (±0.38)

B2 1,800 2.31 3,200-5,100 3.77 6,000-7,600 4.75 7,500-9,600
(±0.54) (±0.46) , (±O. 56)

B3 800 " 3.12 1,700-3,300 5.01 3,300-4,700 8.33 4,500-8,800
(±0.98) (±0.90) (±2. 72)

B4 450 1.99 700-1,100 9.12 2,400-5,800 10.90 0-10,000
(±0.38) (±3.75) (±11. 34)

ex>
-...,J

BI-B3 3,700 2.66 8,000:"11,700 3.51 11,400-14,500 5.24 15,700-23,100
(±0.49) (±0.42) (±1. 00)
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During that periodt the density of ringed seals: on the fast ice of the
, I, I '

Beaufort Sea as a whole; dropped from a high of 3.~ seals/nm2 in 1975t to a
low of 1.1 seals/nm2 in 1977 t and isubsequently steadily, increased to 3.5
seals/nm2 by 1986 (Figure 17). Th~ density in any particular year ranged
from 50% below to 40% apove the me~n density for B years of surveys (1987
was not included because breakup had lready begun).

I , ,

E. Density of seals in :relation toli dustria'l activities
II

Construction and operation of artificial islands were the principal
industrial activities ~n our st~~ area during 1985-1987. Data were
obtained for 3 artifici~l islands: ;S alt Northst~rt and Sandpiper, for all
3 years of the survey I (Table 43).: In 1985, all 3 of the islands were
active: Seal was engaged in drilling dperatlons and Northstar and
Sandpiper were under construction.1 For all comparisons, the density of
seals at holes was 20%J80% lower wi hin2 nm of :the islands than it was
2-4 nm away., : 'II : i

During the 1986 survey~ Seal ISlan] was inactiJe and had been so all
winter; Northstar was ~inactive at] the time of isurvey but had been in
operation through April; and Sandpi:pr was currenfly active. The area was
surveyed before break-u:p on 6 Jun~,1 and after break-up had commenced on,
13-16 June. Unlike 198~, densities[w~re not consiStently lower within 2 nm
of the islands than th~y were elsewhere;, results for individual islands
were contradictory. Near Northstar (active, until; April) the density for
both surveys was slightl!y lower (3%+15%) with,in 2 ~m of the island than 2-4
nm away. Near Sandpiper the density was higher within 2 nm of the island
on one survey, and lowe~ on the oth~r. ' ,

I I
I '

During winter and sprjing of 198
f
6 87, all 3 ~rtifidal islands were

inactive. Neither construction norJdrilling oper:-ations occurred. As in
previous years, the islands were sur eyed twice in i 1987, on 6 and 11 June.
There was ~o con~istentrdifference in seal d~nsitYjwith distance from the 3
non-operatlonal lslands~ Seals were, more numerous near:, Seal Island, less
numerous near Northstar~ and differ~d between the ~ surveys at Sandpiper.

- ,t r""

Interpretation of the l data rega'ir ing differen:ces in density around
individual islands was tomplicated,: rnd the ,utility of such data limited,
by several f,actors: sample sizes we~e sma, 11 '(l7-8'0 nm 2 total per survey),
particularly within 2 hm of the' lslands where the sample for a survey
usually consisted of 1-3 minutes (It nm 2 ) of datai

; the islands were close
enough together (particularly seallJnd Northstar: islands which were only
4 nm apart) for interactive effects 0 oc'cur;; and: not an islands were in
similar operational status either ~ithin orfbetwe;en years. Consequently,
the data set shown i~ T~ble 43 couid not be:treat¢d as 18 replicate tests
of the effect of an artijficial island on seal: density.

To address the fi~st~wo of theJe problems wei determined the minimum
distance from any island in the data set from each!survey (Table 44). In 5
o! t.he 6 compariso~s" !the denS.ityj of seal~ at lholes ,was .12%-72% lower
wlthln 2 nm of any lsla~d than lt ~as 2-4 nm away. Inspectlon of the raw
data indicated that fdr ,theSingle~ exception (survey 86-1) the higher
density a~ 0-2 nm was p.~obablY an artifact ot; the ~a1 position was assigned
to the ml nute survey Hlterva1. Alt ough the den:s 1 ty of seals was lower

I ' ,i, , I '
( , I:
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j'.,;"

Density Qf ringed seals (total seals/nm2) in the Beaufort
Sea (sectors B1-B4) 1970-1987. Open squares indicate
post-breakup values for 1986 and 1987. Densities for
1985-1987 are for total seals within the 20-m depth contour.
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Table 43. The density ~f ringed s~a s at holes iri relation to distance I'I from 3 artificial islands in the Beaufqrt Sea, June 1985-1987.r I

i

I!

1985 o:J.nce from any island (nm)

IIsland Survey 0-2 '2J.4 4-6 ' 6..8 8-10
! I

Seal 85-1 0.7 i1l2 '1.1 1.7 1.3 Ii 85-2 :lL9 1.0 3.3 2.2
"

!ll6
:1

Northstar 85-1 0.8 ,2.2 1.4 0.9 I" 85-2 0.8 .lLO 5.8 1.5 1.5,.
;3l1

I

"., Sandpiper 85-1 0.6 1.0 1..0 1.1
j 85-2. 2.6 1414 . 1.8 1.9 1.6 I.1

:1

I l,
! I

I 1 '1986 l . i

"
Dts,ance from an~ island (nm)

I, Island Survey 0-2 2J.4 4-6 6-8 8-10
I

islaSeal 86-1 6.1 4.6 2.3 5.1 I86-2 '4! 6 6.5 5.0 5.6
'. 1

5 1 2
;,

5.0:1 Northstar 86-1 6.8 4.2 2.1 I'. 86-2 5.0 1519 5.7 8.8 5.3"

:313
"

Sandpiper 86-1 8.3 6.5 3.2 3.6

I:1 86-2 5.2 :612 6.8 9.,1 9.1
I,,

'I
I II

I·1987 oi~l.nce I,I I I ;i
(nm)!

from any island
j Island Survey I 0-2

t
2t4 4-6 6-8 8-10 I,i I

:i. i
:\ I

'111Seal 87-1 I 2.9 2.7 5.5

Iil 87-2 [14.4 :915 10.4 5.9 4.8I
'i I [f'I INorthstar 87-1 I 1.1 '3 3 5.6 4.1 5.2

87-2 I 3.8 1814 14.2 6.3 6.1 Ii [

1716,j Sandpiper 87-1 I 7.1 2.2 4.2 3.9
87-2 I 6.8 :515 6.6 5.2 11.9 II

. I 11I

I

I
II

I
r'



85-1 103 0.7 2.5 1.0 1.8 1.2
85..2 67 1.5 3.2 2.0 1.9 ' 1.4

86-1 34 6.5 3.9 6.6 2.0 3.7
86-2 75 5.1 6.3 5.4; 11.4 6.4

87-1 45 4.7 6.7 2.4 4.1 4.0
87..2 50 7.1 8.1 9.5 5.8 5.4

91
i?, ,

8-10
Distance from any island lnm)

0-2

The density of ringed seals at holes in relation to distance
from'any of 3 artificial islands in the Beaufort Sea. June
1985.1987'. ~ i"f . ,¥ ;,r;;~

Survey ,

Table 44.
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I,
near the islands in bo:th 1985 when all islands were active and 1987 when
none were active, the ~agnitude o~ he difference was mUch greater during
activity (50%-70%) than in its absen e (12%-30%). :

A block comparison of ~ndustrial a
f
n1 adjacent co~trol areas was also done

for all 3 years. In +985, indust.r1al activity, i including seismic lines,
ice roads, and islands', was widesp~ead, resultin,g in an industrial block
approximately 60 nm acnoss. In 19~~" the ohly obViousa,ctivities were the
artificial islands and:. associated! lce roads, resulting in an industrial
block which was only ;16 nm acrosS. During 1987 surveys there was no
offshore industrial activity; howe~elr, data 'were analyzed according to the
1986 industrial and control blocks [for comparativ~ purposes.

In both 1985 and 1986 he density :'o~ total seals! was significantly higher
in the industrial block than in the control' blocks (Figure 18). In 1987,
in the' absence of a~y offshorer industrial activity, density in the
"industrial" block was: .also higher than either icontrol, suggesting that
some characteristics other than the presence or ;absence of activity were
responsible for the difference.

Annua1 and 1ong-term ~ariabil ity fi "the occupancy of nearshore areas by
ringed seals make it necessary to cdnductr¢gular, and relatively extensive
surveys of areas in wh:ich smaller1stale comparisons are to be made. For
exampl e, the dens ity of ri nged sed1Sin the centra1 Be'aufort Sea (sectors
B2 and 83) decreased in: the mid- to late 1970's ahd subsequently increased
in the mid-1980's. ,This could ~e attributed ~o changes in industrial
activity,' which intens:ified in t~el late 1970'sl and early .1980's, then
gradually decreased. However, the/western ~eaufort Sea (sector Bl), which
experienced 1ittle or 'no seismic ot other indusltry activity, showed the
same fluctuations in density duri:ng this time period. Furthermore, the
major decline in density which occ~rlred in the st~dy area between 1975 and
1977 also occurred in t~e Canadian \Beaufort Sea (Stirling et al. 1981!).

I I I I

Wh'ile aerial surveys are useful in (monitoring long-term trends in abundance
over -large areas, th.y are noti ~ell-sutted to detecting small-scale
differences in' geographically restticted' areas. :In this study, aerial
survey data indicated ~ possible looal effect of~rtiftcial islands on the
density of ringed sealS. However~ linterpretation was complicated by the
fact that the minimum s:ighting unit was 1 minute o'r 2 nm; land and the edge
of shorefast, ice, whith may botH laffect seal densities, were variable
dista~ces fr0'!1~the 3 i~lands; arid Ithe preci's.iolJ of.navigational equipment
sometlmes vaned by ± I: nm. In anallyses of, lndus:tnaland control blocks,
the greatest diffi cul ~I' ies were ~i n obtai ni ng :an accurate measure of
industrial, activity and in designatihg comparable !control blocks. There is
considerable east-west ivariabilitYI in the B!eaufott Sea ,in ice topography,
extent of shorefast ide, and batHylnetry. :Contrbl and industrial blocks
were not necessarily cbmparable slmply because t~ey were adjacent, as is
indicated by higher densities in tHe "industrial!" blocks with or without
industrial ,activity. i II . :
In aggregate, analYSe~ of histqr~I'cal an~ reqent aerial survey data
emphasize the importan~e of matching research technique to the question at
hand. Our data indicate that lin 1985-~986 [there I were no apparent
broad-scale effects of iindustrial a¢tivity on th~ density of ringed seals
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Figure 18.- Seal density (total seals/nm2) in industrial and control
blocks in the Central Beaufort Sea, 1985-1987.
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I ,
as 'measured by aerial isurveys. BLlns and 'Frosti(1988) reached the same
conclusion for aerial ,.surveys con'dl!lcted in 1981--1982 in areas with and
without on-ice seismic', exploration,1 but ~hey alSo conclude~ that aeri~l
surveys are not welHsulted to! d1etectlng sma!ll-scale dlfferences ln
geographically restrict,ed areas. Thle aerial surv,ey data do not eliminate
the possibility of local effects wh'i¢h would be moi,re appropriately detected
by other techn i ques, orf the poss i b:i i ity that reg1 ona1 effects coul d occur
at different levels of ;industrial ~dtivity. , Mos( aerial surveys conducted
during peak years of industrial aqtijvity in the ;central Beaufort Sea did
not have sampling effo:rt or design suitable for: statistical analyses of
differences between relatively small areas. ' By conduct:ing on-ice studies,

'Burns and Kelly (1982) found that although a~rial surveys showed no
s i gnifi cant di fference:in dens i tie~ along sei smi ~ and control 1i nes, the
rate of alte~ation or refreezing of lairs and breathing holes within 150 m
of seismic 1ines was approximately double the rate at distances greater
than 150 m. Kelly et ~1. (1986, in' press) also reported results of on-ice
studies which indicate'd that ringed seals do respond to anthropogenic
disturbance. Burns and Frost (1988) found that seal structures were
abandoned at 3 times th~ rate in di~iurbed areas (31% of all structures) as
they were in areas 'fre'e of h','uIln,an-caused disturba,n,ce (10% of all
structures) • t ' :, ,

.1, I,

F. Implications of survey result~ 0 monitoring ~rogr~m

Analyses of 1985-1987l survey da!t1 have' ident'ified ,: several areas of
potential concern regdrding methodblogy for ae~ial surveys to monitor-

,changes in the distribubon and abUlnl'ance of ringe:d seals.

1. Comparisons ofexJ"erienced aJ,dinexpe;,ience~ observers indicate that
novi ce observers ~ee sign ifi cantly fewer s~a1s than do experi enced
observers. Survey personnel~ ust be adequately trained to count
ringed seals and ~,ClaSSifY id,el conditons b~fore serving as primary
observers.' Trai nting shoul d: i ncl ude' flyi,ng as back-up for an
experienced obser~er until comparable count~ are repeatedly obtained
in a variety of survey conditi.o~s.

" J. I

Surveys flown at l 500 ft r~sult in density estimates which are
significantly lowe~ than thos~ for surveys of the same area conducted
at 300 ft. We recommend tha't all surveys ;be conducted at 300 ft.
When surveys, that iwere conducted at different altitudes are compared,
densities --must first be corrected to, make: the results comparable.
Densities of sealsl at holes f~rlsurveys'at 5do ft should be multiplied
by 1.32 to make them equival~n~ to surveys ,at 300 ft. Estimates of
sea1s at cracks ~e,re not s i grifi cantly different, perhaps because
seals aggregated anong linear ~.atures are easier to see, and need not
be corrected. j ,1 :
Surveys within the same se~ or or ,geographic region should be
conducted under ~imilar ice 1 ~onditiohs wi~hin and between years.
Although calendar ~ate provid~sla rough! guideline for assuring similar
cond it ions, there iis cons i deral)1e annua1 va r'i abil ity in the onset of
breakup. Counts bf seal s onl rast ice that are made after breakup
begins are likely ~o include lia ge influxes Qf seals from ot~er areas,
and should not be considered representative of the overwintering,I ," !
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resident population. '. Factors such as" the amount of cracking, the
distribution of sealgBtrela'tive to the'edge, and the abundance of seals
at cracks must be used to interpret data and assess whether or not
significa~t changes in seal distribution have begun to occur.

4. In the Chukchi Sea, survey lines should extend from shore t6 the edge
of.fast ice, which is easily recognizable at survey altitude. In the
Beaufort Sea, where the edge of fast ice is often difficult to locate
without the use of satellite photographs, survey lines should ~xtend
from shore to the 20-m contour 1ine, which coincides approximately
with the edge of fast ice •. In large, very shallow embayments such as

. Smith Bay and Harri son Bay, transect 1i nes shoul d begi n at the 3-m
depth curve.

VI I. Recommendati ons For Future Studies

A. Future aerial monitoring surveys

We recommend that MMS continue a program of monitoring the abundance of
ringed seals on the shorefast ice of the Chukchi and Beaufort seas.
Surveys conducted d~ring 1985-1987 have allowed a substantial refinement of
survey protocol and have provided a large amount of "basel ine" data on
ringed seal distribution and abundance during May and June. During
1985-1987 oil and gas activity in the OCS region was minimal in the
Beaufort Sea and non";existent in the Chukchi Sea. We were therefore not
able to measure or monitor possible effects of OCS industrial activities on
ringed distribution and abundance.

Although it is impossible to accurately predict the probable timing and
magnitude of OCS activities, recent sales in the Beaufort Sea (sale 97) and
Chukchi Sea (sale 109) suggest that activity will increase within the next
few ·years. We therefore recommend that a 3-year series of ringed seal
monitoring surveys be conducted in 1991-1993. Those surveys should follow,
the protocol developed in this study and should incorporate the following:

1. surveys should include and emphasize areas leased in sale 97 ,(sectors
B1-B4) and sale 109 (C4-C6);

2. surveys should be conducted before breakup in order to ensure that
data are comparable;

3. survey coverage should extend from shore to the 20-m depth contour in
the Beaufort Sea, and from shore to the fast ice edge in the Chukchi
Sea •.

B. Effects of di sturbance on ri nged seal s

Aerial surveys provide the best means to look at large-scale patterns and
changes in ringed seal distribution. and abundance. Results of aerial
surveys indicate that industrial activities (primarily on-ice seismic
profiling) to date have not caused large~scale changes in seal distribution
(Frost and Lowry, in press). However, other studies (Kelly et al., in
press) indicate that seismic surveys and other activities can cause
localized changes in seal distribution and behavior. Further studies are
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required if the poss ble magnitLid and significance of disturbance on
ringed· seals are to be assessed. t Such studies should examine fine-scale
distr~bution .(using trained dogs ~oll~ca~elairsi and breath.ing holes) and
behav.lor (uslng telem~try) near re6l1stlc and representatlVe sources of
disturbance, such as aritificial isia ds, active d~illing rigs; seismic shot
lines, and ice roads or, air stripsl .. ! . .

f I '

C. Factors affecting (ringed ~eal !abundance
i ' I ' i"

It is clear from this :and other ,s~tl!ldies that the density of seals during
the spring haul-out peniod varies g~OgraPhi~allY ~nd temporally. Causes of
these variations are poorly known, but botl1physical factors (e.g., ice
characteristics, weather, and ocea~ography)andbiological processes (e.g.,
food availability, ptedation, all territorial;ity) are likely to be
involved. Research into all possible factors that could control ringed
seal distribution and iabundance i~ I needed in orger to' understand natural
variability, and to be~ter interpr~~ results of t~e monitoring program.

D. Other aspects of tringed seal'~istribution i

Ringed seals are wid~ly distriblted yea~-rounb in waters of northern
Alaska, but there' is Ivery little linformation qn their distribution and
abundance except for I,on the shdrefast ice in! spring. This study has
supplemented previousl~ available~~ta on abunda~ce of ringed seals in the
flaw zone and nearshore areas ofr pack ice during May-June. Substantial
numbers of seals inhabit these a~eas, and the;ir interaction with seal
density on the fast ice during br~akup is significant and' warrants further
study. In order to produce a vallid estimate of the total size of the
~inged sealpopulationloff Al~ska,~., rore in.form.atio.n is needed on densit~es
1n the offshore pack ~ce. Rlnged seal dlstrlbutlon and abundance dUrlng
the open-water season should be investigated in order to' evaluate important
habitats and processes~ and potenti~l effects oflOCS activities that occur
during July-November. . I '
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