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I. Suhmary

Th1s is the f1na1 report of a 3-year study intended to deve]op a program of
monitoring abundance of ringed -seals in Alaska through aerial surveys. In
this report, results of aerial surveys of r1nged 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
a1t1tude) wide. ‘

* The selected data base in 1987 included 4,317 nm of track11ne and 2,166 nm?
of area (both fast and pack ice) actua]]y surveyed. In the Chukch1 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 Point 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 northern Chukchi Sea was considerably Tower (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/rnm2), and highest between F]axman Island and Barter Isliand (12.0
seals/nm2).’

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 mu1t1p11ed by a correction factor of 1.32. Only corrected data
were used in inter- annual and geograph1c comparisons.

Comparisons of exper1enced 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 observer

~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. ‘

Ana1ysis of the. relationship between the variance of the mean “and the
number of transects selected demonstrated that the variance dropped rapidly




~The relationship betwéén 1ceAdef0rha
was quite consistent from year to year; seals were less abundant in rougher |

Inter-annual variations in densitie

i t
until approximately 50% of all poss
data base, after which the variance
combined Chukchi- Beaufqrt data base
possible transects reduced variance
that coverage of 90% jresulted in

{
variance was 1owest for seals at ho]es

ible transects were selected from the
declined gradually., Analysis of the
indicated that coverage of 60% of all
in data sets to reasonable 1evels, but
considerably greater precision. The

For 1985-1987, the smallest 959 conF1dence 11m1ts for density of seals at

holes occurred in sectors Cl1, Bl, ar
the Beaufort Sea as a whole were *9
for all seals; comparable values f
+11%-13%. , f

!

ice (>20% deformation). Even after
in relation to area of flat ice on]y

d B3 (%9%-23%). Confidence limits for
%-10% for seals ‘at holes and *14%-33%
or the Chukch1 Sea were +9%-13% and

tion and seal distribution and density

data were -adjusted to express density
, seals were more abundant in areas of

Tower deformat1on Th1s 1nd1catessthat areas of flat ice were preferred.

Ringed sea]s were general]y less ab
they were farther from shore, part
coastline is simple with no offshore

there was no clear overall pattern iin

fast ice edge for 1985-1987. 1In the
breakup, seals were 1ess abundant 'n
crack, densities w1th1n 4 nm of the e
most sea]s occurring a]ong cracks, a

undant within 2 nm of the coast than
cularly: in the Chukchi Sea where the

barrier islands. In the Chukchi Sea

density relative to distance from the
Beaufort Sea prior to the beginning of
car the edge. After the ice began to
xdge were as high as 12 seals/nm2, with
nd decreased rap1d1y both toward shore

and seaward. We believe this increase in dens1ty is due to an influx of
seals. from other areas into the high?y fractured boundary zone between fast

and pack ice, rather -than a redi
adjacent areas. 1 %

stribution of seals from immediately

s recorded for pack ice were large.

Much of - the pack dice surveyed | was "near the fast ice edge, where

distribution changes marked]y as b
typical of the pack ice as a whole.

reakup begins, and -probably was not
In. the Beaufort Sea, density in pack

ice decreased with d1stance from the edge, and the density of seals at

holes appeared to stab111ze about 10

nm from the edge at about 1 seal/nm2.

In all sectors of the. Chukch1 Sea,ithe density of total seals in the fast

total estimated numberlof seals and

ice was.1.6-1.7 times greater in 1986 than in either 1985 or 1987. The

95% confidence 1limits in the Chukchi

Sea ranged from- 18,400 + 1,700 in 1985 to 35,000 + 3,000 in 1986. The 1987

estimate of 20, 200 ﬁ 2 300 was

consistent]yAhigher south of Point %ay than to the north.

In the Beaufort Sea, an%ua] and geog

regular. Survey t1m1ng relative to breakup differed among years; 1986
surveys occurred before breakup, 1987 surveys occurred after beginning of

breakup, and 1985 surveys were mixed|

The densities in all sectors except

Bl were higher in 1986 than in 1985. For the area between Barrow and
Flaxman Island, the dens1ty of total "seals increased from 2.7 to 3.5

seals/nm2 from 1985 to &986, and the estimated number of seals within the

20-m depth contour from 9,800 = 1£800 to 13,000 + 1,600. In 1987, the
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dens1ty and the estimated. number of seals for. that area were considerably
higher, 5.24 seals/nm? and™19;400 + 3,700 sea]s, but this probably included
seals that had moved in from other areas as ice began to break up.

Observed changes in group size, ‘the percent of seals at cracks, and

‘distribution relative to the fast jce edge in 1985-1987, in combination,
~suggested that a substantial influx of ringed seals into the Beaufort Sea

occurred 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%.

~ Industrial activity in the Beaufort Sea from 1985-1987 consisted mostly of

construction and -operation of artificial dislands. = There was a steady

- decline 1in 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 were
no apparent broad-scale effects of industrial activity that could 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 eliminate the
possibility that Tocal effects may occur which would more appropriately be

detected by other techniques, or that reg1ona1 effects cou]d occur at

greater levels of industrial act1v1ty

II. Introduction

A.  Study rationale-

‘R1nged seals (Phoca h1sp1da) are 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). Ringed seals prey on small

fishes and -crustaceans (Lowry et al. 1980) and may compete for food with
other pinnipeds (Lowry and Frost 1981) as well as sea birds, arctic cod
(Boreogadus saida), and bowhead whales (Balaena mysticetus) (Lowry et al.
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 yield of local popu]at1ons (Smith 1975). Habitat attributes

such as food. ava11ab111ty and ice conditions undoubtedly affect ringed seal
numbers and product1v1ty, but the actual mediating factors are far from
clear (Stirling et al. 1977; Lowry let al. 1980; Smith and Hammill 1981).
Human activities such as those assocgiated with explorat1on and development
of offshore 0il and gas reserves may|also influence ringed seal numbers.

i

-In recognition of the1r‘eco1og1ca]Fimportance and the possibility that they

may be impacted by human activities, the Outer Continental Shelf
Environmental Assessment Program : (OCSEAP)’ has, since 1975, sponsored
studies of the biology and ecology of ringed seals in Alaska. Studies have
addressed basic biological parameters (Burnsiand Eley 1978; Frost and Lowry
1981), food habits and trophic relationships (Lowry et al. 1978, 1980,
198la, b; Lowry and Frost 1981), distribution, characteristics, and
utilization of ringed sea1 lairs (Burns and Kelly 1982; Burns and Frost

1988; Kelly et al. 1986), and distnibution and abundance of seals hauled

out dur1ng the molt (Burns and Eley 1978; Burns et al. 198la; Burns and
Kelly 1982). These stud1es have a1so, to some extent, addressed the jssue
of possible effects of Quter Cont1nenta1' Shelf (0CS) exploration and
development activities on the distribution, density, and behavior of ringed
seals (Burns et al. 198la; Burns and Kelly 1982; Burns and Frost 1988;

~ Frost and Lowry in press; Kelly et al. 1986; Kelly et al. in_press).

~In 1984, the National Ocean1c and Atmospherié'Administration (NOAA) and the

M1nerals Management Serv1ce (MMS) requested the submission of proposals to
begin a program of mon1tor1ng the ;ringed seal population off Alaska with
particular attention to possibie effects'ofJOCS activities. The contract
was awarded to the A]aska Department of Fish and Game (ADF&G), and work
began on 1 January 1985, In February 1985, a research protocol was
developed by ADF&G and finalized 1n consu]tat1on with NOAA and MMS. During
the period from January to June '1985, r1mged seal aerial survey data
collected by ADF&G during 1970- 1984 were reanalyzed. Results of the
analyses, including p]ots of all transects and ringed seal sightings, were
submitted to NOAA and MMS in a progress report in July 1985, and have been
incorporated, as appropr1ate, in geograph1ca1 and temporal comparisons of
ringed seal distribution and abundance in this report (Frost et al. 1985a).

Because these earlier surveys were.|conducted using different methodology

and less accurate nav1gat1on, and in the Chukchi Sea were flown on much
later dates and therefore in d1fferent ice conditions, their utility was
Timited to very general: compar1sons ‘

Ringed seal aerial surveys based upoL the design Specified by the research

protocol were flown dur1ng May and| June of 1985, 1986, and 1987. The

~surveys were satisfactorily completed and the data have been analyzed to

determine factors affect1ng survey counts, regional and temporal trends in

‘ringed seal’ abundance, hab1tatE factors affecting distribution and

abundance, and the effects of 1ndustria1 ‘activities on seal density.
Results of 1985 and 1986 aerial surveys were presented in Frost et al.

A(1985b 1987). The resu1ts of 1987 surveys, as well as comprehensive
analyses of the three years of surveys combined, are presented in this

final report ‘
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B. Background on r1nged sea] b101ogy

1 ‘.. ek a,u,m.,:z;;c._ N

The distribution of r1nged sea1s in Alaskan waters is strongly correlated
to that of sea ice (Burns 1970; Fay 1974). In the Bering, Chukchi, and
Beaufort seas, ringed 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 dynamics of these seasonal movements
are poorly known. Marking studies undertaken in the Canadian Beaufort Sea

-have demonstrated both Tlocal and long-distance (e.g., to Alaska and

Siberia) movements (Smith and St1r11ng 1978; T. G. Smith, pers. commun.).

' During summer and early autumn r1nged sea]s are abundant in nearshore ice

remnants in the Beaufort Sea and in the pack ice of the Chukchi and
Beaufort seas (Burns et al. 1981b; 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. With the onset of freeze- -up, many ringed 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 Nunivak Island and Bristol Bay, depending on ice conditions in a
particular 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 Apri],
adult -seals are occupied with establishing and maintaining territories,
bearing-and nurturing pups, and breeding. Partitioning of habitat based on
age, sex, reproductive status, or a combination thereof apparent]y occurs
dur1ng late winter and spring, with adults predom1nat1ng in- and near the
fast ice, subadults in the flaw zone, and both occurring in drifting pack
ice (McLaren 1958; Fedoseev 1965; Burns et al. 1981b). Few ringed seals
are found in the ice front and fringe zones at the southern extent of
seasonal.sea ice in the Bering Sea (Burns et al. 1981b)

Northward movement, mainly by subadults, begins in Apri] 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 reced1ng ice (Burns et al.
1981b; Lowry et a1 1982).

Although some consideration has been given to the p0551b111ty of censusing
ringed seals from ships during the summer open-water season (MclLaren 1961),
aerial surveys have become the standard census method in recent years
(eig., Burns and Harbo 1972; Stirling et al. 1977 and 198la and b; Kingsley
et al. 1985). Since ringed seal surveys are flown in late spring, aspects

. of the b1o]ogy of seals that influence their distribution during that

period are particularly significant for the design of surveys and the
1nterpretat1on of resu]ts _ ,
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Stirling
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first recognized that timing of the haulout period varies with
out occurs progressively later in more

(1981) working at Popham Bay (64°17'N)
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"seals at Freemans Cove
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ast day of the study, was due to an
Off the north coast of Alaska,

Burns and Harbo (1972) found that ithe maximum numbers of sea]s were hauled
out in the second and. th1rd weeks of| June.
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An understanding of patterns of r1nged seal abundance and distribution, and
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ecological processes and 1nteract1ons in waters of northern Alaska.
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1. 1dent1fy temporal and hspat1a1 trends_ 1n ‘ringed seal abundance and

relate these to current and h1stor1c popu]at1on status;

2. identify hab1tat attr1butes that affect the d1str1but1on and abundance
of ringed sea]s,

3. compare the d1str1but1on and abundance of ringed seals in areas

subjected to industrial activities and in appropriate control areas;

- where appropriate, make recommendations for m1t1gat1ng any adverse
environmental effects; . :

4. deve1op, 1mp1ement and refine a monitoring protoéo] for long-term
studies on the d1str1but1on and abundance of ringed seals in Alaskan
coastal waters

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 Eley 1978). Sector

boundaries corresponded to easily identifiab]e 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 (0liktok 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. 198la; 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 accumu]ate snow and are
suitable for the excavation of ringed seal lairs.

Freezeup commences ear11est 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 large embayments, 1like 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 breakup. '
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selected transect lines used in analysis of 1987 ringed seal survey data.
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The shorefast ice grows in thickness and extent throughout the winter,
until about April or May, depending on’ F1&titude. Its seaward extent
depends 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
promontor1es, 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 1ine (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). 1In 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 ridges, 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

progress1ve1y closer to shore. Thus, what is part of the "attached"

shorefast ice one day may be detached and part of the dr1ft1ng 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 1in Kotzebue Sound and proceed1ng north and east.
Surveys in the Chukchi Sea generally occurred during late May and those in
the Beaufort Sea during early June.

Surveys were conducted 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 fo11ows daily f]uctuations in temperature and incident

radiation (Finley 1979). On a few days when survey conditions were
considered excellent, the survey window was ‘extended to 1700 to allow

completion of a sector.

The aircraft used was a Twin Otter equ1pped 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. A1l 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 Cl 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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coastline (based on USGS 1:250, OOO
(based on either actual field obser

b

Sea, on satellite photographs). ,

Densities of seals were ca]cu1atec
1977); 1i.e.,
Variance of the dens1ty was calcula
(Cochran 1977, formula. 6.27) mod1f1
(Estes and G11bert 1978). Sample un

|
}
f
\
i

number of seals counted divided. by the area

nearest to the area being surveyed.
mperature, wind speed and direction,
). Notations were also made by survey

and cloud cover at the beginning and
dition, wind .and temperature readings
vey a1t1tude

sometimes substantia]ly different from
1t1tude, and neither -may have .been
ice where the seals were hauled out.

st ice and the melted condition of the
of surface winds from indicators such

holes were added separately for each
transects were recorded to the nearest
he nearest whole minute for analysis.
alculated from beginning and ending GNS
sed time to obtain ground speed. The
was calculated by multiplying speed x
interval therefore had assigned to it
nning point), area (nm2), local time,
and ice and weather conditions. Each
or by compar1ng its: position to sector
est straight-line distances from shore

val to digitized data files for the
topographic maps) and for the ice edge
vations or, in parts of the Beaufort

using ' the ratio estimator (Cochran
surveyed.
ted using the model unbiased estimator
ed to account for total- sampling area
it was a survey leg or portion thereof
ed to requirements of the analysis.

z
|
|
|

determined for each minute block by

« .
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Table 1. Environmental ddti "recorded during”derial surveys.

Varfab]e

Va]ue(s)

Definition

Ice type

Ice cover

Ice déformatfon

Meltwater

Wind speed/
direction

Cloud coVer

'Temperature'

~ Visibility

Fast

Pack

0-8

0-9

- 0-9
o

-nm

Shorefast, anchored to the beach, solid
cover with or without occasional cracks,
pressure ridges, and shear lines.

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

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

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

Proportion of the ice surface covered by'
water, including river runoff or standing

‘meltwater. Categories the same as for ice

deformation.

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 9
representing an obscured sky, and 0 a c1ear

- sky.

Air temperature determined at nearest .
weather station or by aircraft at survey
altitude. - . _

Distance from a1rcraft that observers can
see at survey alt1tude
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For each year, a se1ected data base
in geographic and inter-annual c

Na s created for each sector, to be used
omparisons.

The selected data were

- screened to eliminate dup11cate lines and all transects flown in less than

optimal survey cond1t1ons (e.g., win
fog or snow that reduced v1s1b111t

d speed 520 knots, excessive sun glare,

y).

For 1986, when some surveys were

conducted both before! and after |the beginning of breakup, only those

- occurring before breakup were 1nc1uded in the selected data base.

‘non-selected data werelused to asse
altitude or date of survey on survey

Non- se]ected data 1nc1uded transects

Other

ss the leffects of parameters such as
results.

flown ﬁn poor weather or at alternate

altitudes, replicate surveys of the same lines, and surveys occurring after

breakup had begun "{ , }

|
V. Results of 1987 Aer1a1 Surveyi
Survey effort f *

l

¢

i
-

z | g L
During aerial surveys in May- June 1987, we expended approximately 84 hours

of flight time in the successfull

equally between the Beaufort and
estimated 10,080 nm dur1ng survey £1

~ greatest 'in sector Cl,{wh1ch had th
Beaufort Sea, coverage was greatest

investigate day-to- day var1ab111ty
several sets of rep11cate lines were

and of different sun ang]es on observer counts.
except one were flown twice at the same a1t1tude, several days apart.
Town twice at 300 ft altitude, 2 days
s flown ‘once at 500 ft and 3 times at
uch of sector:B3 was surveyed twice at
surveyed completely for the first time
" In previous | years, e1ther time constraints or

sector Bl, one set of 7 Tines was!f
apart, and another set Pf 8 Tlines wa
300 ft, over a period of 11 days. M
300 ft, 5 days apart. Sector BS was
in 1987 |
precluded its completion.

| i
The selected data set from wh1ch dens
made contained 186 transect lines.
Figure 1). This represented 62% of
2-nm.intervals, and coverage by area
Sea and 14% of a]] fast11ce in the- Be

B.  Factors affecting survey counts

1. Observer compar1sons ‘ . vt
Dur1ng most surveys, a
side of the aircraft. | Right- and
throughout the survey period. Fr
back-up observers partnc1pated 1n(
- counts. Rear observation posts d1d
was otherwise sat1sfactory Resu
secondary observers are|presented in

s1ng1e exper

y completed ‘sectors,
Chukchi
ights, of which approximately .6,000 nm
were on survey track11ne (Table 2).
e greatest area of fast ice.
in sectors Bl and B3, where replicate
flights were made to . i compare results at different a1t1tudes,

: divided almost
'seas. The aircraft flew an

In the Chukchi Sea, coverage was

In the

and to
in counts -In sectors Cl and C2,
flown to test the effects of a1t1tude
“In sector C6, all lines
In

jice conditions

1ty calculations for the fast ice were
and an .area ‘of 1,517 nm2
the total number of poss1b1e lines at
of 16% of all fast ice in the Chukchi
aufort Sea study areas.

(Table 3,

|

!

1enced,dbserver counted seals on each
left-side observers remained the same
om 22~ 24 Mayu
the surveys and provided comparative
not have bubble w1ndows but v1s1b111ty
lts
Table 4

several inexperienced

comparisons of primary and

of |
‘ In all comparisons combined,

l
!
.t
]
S
|

|
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Table 2. Dates, number of 1égs, miles on track, and total area surveyed
for each sector;during ringed,seal,aerial surveys conducted
20 May-16 June'1987. Table includes all data collected.
" Area (nm2)
: surveyed
_ ) Number  Altitude Miles (nm)
Sector  Sector boundaries Date of legs (ft) on track Fast Pack
c1 Cape Espenberg- :
’ Cape Krusenstern - 21 May 8 500 365 274 0
-22 May 10 500 381 233 53
. 4 300 - 130 59 0
24 May 6 500 63 47 0
. 6 300 63 . 28 0
c2 Cape'Krusenstern- : : : :
‘Point Hope 23 May 21 300 360 63 99
: 6 300 99 18 27
24 May 8 300 " 164 16 58
Ch Cape Lisburne-
- Point Lay - 28 May 19 300 370 117 50
cs Point Lay- _ .
: Wainwright 29 May 12 300 143 64 0
C 31 May. 6 300 203 92 ‘ 0
c6 Wainwright-Barrow 31 May 12 300 168 76 0
: 4 June 13 300 176 79 0
B1 Barrow-Lonelyv' ) .
: 31 May 7 300 66 30 0
2 June 6 500 124 62 31
o 21 300 430 161 32
5 June 8 300 141 55 8
13 June 8 . 300 163 - 49 25
B2 Lonely-01iktok 3 June 17 300 463 183 25
h 5 June 4 300 128 by 13
11 June 4 300 63 "~ 28 0
B3 01iktok-F1axman 6 June 20 300 '530 105 133
: 7 June 3 300 73 7 26
11 June 24 300 382 102 70
B4 Flaxman-Barter 7 June 15 - 300 - 396 53 125
BS  Barter-Demarcation 12 June 18 300 307 45

N3
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ercent of lfn

surveyed by sector for se
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b

lected data only, 1

e sUrve&ed, miles on track, and area
987. Only these

16

data were used in densiéy calculations.
| | .
' Number"}> % of T{nesv' Miles on  Area surveyed (nm?)
- Sector of lines in se@tor- track (nm) fast pack
| — — |
Cl 18 | 58 746 . 507 - 53
c2 21 | 57 360 63 99
c4 19 73 370 117 50
~ C5 18 | 69 1346 156 - 0
6 12| -5? | 168 76 0
Bl 21 62 1430 161 32
B2 21 | 62 . 591 | 227 38
B3 23 61 603 | 112 - 159
B4 15 63 . 396 53 125
BS 18 | - 67 1307 45 93
Total 186 62 4,317 1,517 649
; - -
A i
f
;.
:
; ‘
g i
_; |
I o
! ;
1 P
I ; ‘
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P | :
k ‘ :
I
o
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Table 4. Comparat1ve counts of ringed seals made by primary and inexperienced
secondary observers, May-June 1987
Primary Observer ~ Secondary Observer
 # - number X seals/ number X seals/  Paired
Date legs of seals . Tleg of seals leg t-test
22 May 6 213 ._ 35.5 ' - 144 24.0 . t= 5 02
: . ‘ - df=b
_ p<0.01 .
" 23 May 22 382 .. -17.4 309 ©14.0 t=2.67
. : , o _ ' ‘ 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
o - o : : df=19

p<0.04




'Counts of left and r1ght observers

Prior to 1987,

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

Left and right sides were significan
a chi-square test, on 10 of 29 fligh

were attributable to large numbers of

was no obvious explanation. Overal
combined, there was less than a 1%id
made by 1eft and ‘right observers (6,
significant by either :paired t or

t=0.13, df=28, p>0.8; z‘l 157, p>0.2,

2. Altitude M |
all sectors in the
altitude and those in the Beaufort Se
melt conditions in the. Chukchi Sea,
flown at 300 ft. As in:previous year
at 300 ft due to the regu]ar occurren

Portions of sectors Cl and Bl were!
determine comparab111ty of counts |a
flown consecutively at one altitude a
other. Small d1fferences in time of
have a neg]1g1b1e effect on resu]ts

For all 1987 a]t1tude compar1sons,
counts at 500 ft were 71%-76% of t

statistically significant (Table 6).

500-ft density was 75% of that deter
times as many seals/nm? were counted

3.  Meltwater - ‘ ’ j

i i
L] .

In 1987, spring weathef.had a]read&

the fast ice by the time our surveys began.

when T1ittle or no surface melt was

extensive areas of dinty ice and gwltwater.

altitude in the Chukch1 Sea was re
sectors except Cl. e
In Sector C1l, which was f1own at 500
having greater than 30% meltwater,
meltwater was 3.57/nm?, compared to‘2
In sectors C2-C4 comb1ned flown at 3
was 4.95/nm2, and in greater than 30%

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

were compared for each survey: f11ght
tly different (p<0.05), as measured by
ts (Table 5). Some of the differences
seals at cracks, and for others there
1, when all flights on all days were
ifference in the total counts of seals
553 vs 6,595); the difference was not
W1;coxon s1gned rank tests (paired
ns

Chukchi Sea were surveyed at 500 ft
a at 300 ft. In 1987, due to advanced
all Chukchi sectors except Cl were
s, all Beaufort Sea sectors were flown
ce of low cloud ceilings and/or fog.

surveyed at both 300 ft and 500 ft to
t the 2 altitudes. Test lines were
nd then, on the return flight, at the
day and in lighting were considered to

10se at 300 ft; all comparisons were
For :the 3 flights combined, the
mined at 300 ft or, conversely, 1.33
at 300 ft as at 500 ft.

begun melting snow on the surface of
Unlike the 2 previous years
in late May 1987 there were
Because of this, survey
uced from 500 ft to 300 ft for all

present,

ft, 26% of the ice was classified as

The density of seals in 0%-30%
27/nm2 in greater than 30% meltwater.
DO ft, the density in 0%-30% meltwater
meltwater it was 2.79/nm2. Thus, 1.6

to 1.8 times as many seals were counted in areas without extensive surface

meltwater.
seals .on the ice or to d1ff1cu1ty in
coloring caused by me]twater

It is unknown whether ‘the lower densities were due to fewer

seeing seals in areas with disruptive

18

densities of seals at holes based on




Table 5. Results of chi-square analyses of the differences in counts -
between left andiright-observers for'1987 ringed seal surveys.

Number:of seals - X2

Survey date = left right expected - (df=1) pl
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 - o112 14 0.57 ns
o 139 183 - 161 6.01 <0.025 -
28 May 167 v 217 192 6.51 <0.025
. 152 : 88 120 17.07 <0.005
29 May 71 o TT - 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 S 6,553 6,595 - 6,574 - 0.13 ns
1

ns = not significant



~ Table 6.

Compar1son of dens1t1es ¢
surveys flown at 300 ft

i
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20

f ringed seals at Ho]es derived from _
and 500 ft a1t1tudes in sectors Cl and Bl

dur1ng May—June 1987, faﬁt 1ce only
] :
300 ft ! | 500 ft |
, # of area  seals/ . # of area seals/ Student's
Sector Tegs. nmf nm? sd legs nm2 nm? sd t-test
| i R T
: - : N i o : '
Cl .5/22 4 59  2.58 0.19 4 120 1.91 0.35 t=3.365
o : P ; ; : i - df=6
_ 1 f p<0.02
5/24 6 28? 0.98 0}24' 6 47 0.70 0.09-  t=2.676
. . - ' , ; Y ' df=10
: ! | o p<0.05
Bl 6/2 6 39 2.94 0.47 6 62 2.23 0.28  t=3.19
_ ! ; ; o df=10
| L p<0.01
i |
g
| -3 i
-
x |
; | l
! L B
|
! j
[
i 1
| %
- ? i
| o
L
o -
b
f ;
! !
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1. Ice deformation

21

C. Habitat factors affecting distribution and abundance

B

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% defdrmed

and  79% was less than  10%. The density of seals was h1ghest‘

(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 (Tab]e 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 Cl1 was Jless 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. 7 '

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, uniike 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/nm? greater

~.than in 10%-20% 1ce

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 less. 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 s1m11ar ana]ys1s of density with d1stance 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 combined, 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 app11cab1e for most lines since all of Kotzebue Sound was
fast ice.
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seals) in relation to ice deformation

Table 8. Ringed seal density (total

in the Beaufort Sea (sector

¥

in the Chukchi Sea in 1987, fast ice only.
Deformation ; Area surveyed SeaTs’ .Density
(percent) ;nm2 _ percent number percent seals/nm2
— T —————— .
05 435.5  56.4| 2,013 67.2 - 4.62
5410 ULs 2.2 572 19.1 3.3
0-10(combined) - 607,0' v 78QF 2,585 . 86.3 4.26
10-20 ;24.0 16.1 324 | 10.8 2.61
20-30 35 4l 13 24 2.3
040 64 0. 70 02 1.09
80 129 0.4 6 02 207
Total 7718 | 2,995 |
; | |
n )

Sea]s) ﬁn relation to ice deformation
s B1-B4) in 1987, fast ice only.

Deformation ?.AreQ»SQrveyed' f Se%]s Density
(percent) , }'nm2 percent numberj percent seals/nm?
0-5 1007 18 693, 23 6.88
5-10 s 2% - 78 25 6.03
" 0-10(combined) 64 41 1,451 48 6.41
10-20 '»’ 1703 ,41 904 30 - 5.31
20-30 7.4 §1 sl . 18 4.67
3040 382 E s j.3"f 4.09
4o Cisa 1 f' 0 a4 L8
Total o 553.7 E 2,995 '
| ;
|
:
F
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Sea in re]at1on to distance from shore ~May-June 1987.

23

: Table 9. Dens1ty of r1nged sea1s at holes’ onishorefast ice of the Chukch1

~8-10 5.40 | - 3.87 - 2.05

Distaﬁte from B Sector density (sea]s/nmﬁ)' , A
shore (nm) Cl  C2 c4 c5 C6
0-2 1.5 . 2.43 2.79 2.48 1.84
-4 3.86  3.08  4.80 2.60 2.70
46 3.1 3.63 . 3.25 2.92 . 5.33
6-8 338 8.9 403 2.8 2.55
2.87

Table 10. Dens1ty of r1nged seals at holes on the shorefast ice of the

Beaufort Sea in re]at1on to distance from shore, May-June

1987,

Distance from - . Sector dens1ty jsea]s/nm;)

shore (nm) - Bl B2 B3 B4 B -
0-2 ~ 1.40 1.91  -2.75 3.08  5.66
2-4 2,10 3.00  2.89  3.55 5.7
4-6 - 2.57 3.99 5.37 4.23  71.75
6-8 321 5.84 3.53 - 1.90  16.90

8-10 3.59  5.80  3.08 3.95
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Table 11. Dens1ty of*r1nged sea]s at ho1es on shorefast ice of the Chukchi
; ' - ?Sg71n relat1on to d1spance from the fast ice edge, May-June
i B { vl
. - i I ' . .
L : !
. : ) {
-Distance ‘ N .
from fast i Sector density (seals/nm3) : B
ice edge (nm) C2 ' [} | 5. Co_ ~ Total
o Z b |
| 0-2 - 8.82 433 .| 129 13.35 4.20
i 2-4 - 3.68 | 413, 2.5 3.5 3.48
; ] SR R A : o
;; 4-6 C2.41 L 3460 2.62 ¢ 2.1 2.66
i 6-8 o213 300 2.47 2.0 2.55
| . . | | L |
: 8-10 - 2.57 | 2,22 ©1.82 2.24
| RIS -
! | .
_ A - Table 12. Density of ringed seals [at holes on shorefast ice of the
1 Beaufort Sea in relation to distance from the fast ice edge,
| June 1987, | , : e ; . :
f — ;
; Distance . g i :
’ from fast . Sector densityi(sea1s/nm2);;
i ice edge (nm) Bl - B2 "~ B3 B4 BI-4°
S ; Pl : - . '
L | 3 I | |
I 02 . 360  2%66 4,07 3.62 3.65
. 2-4 359 428 440 3.63 3.97
| 46 ass 3l a2 3.9 3.82
; 6-8 2.3 C3llo 2.28 0 3.3 ' 2.67
: 8-10 194 38" .3.43 3.8 . 2.70
) 3
1 »
ii_ |
i |
I :
. |
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~ice was highest within 0-6 nm oftt

3. Pack ice = = | o

- seals/nm2,

o from the edge, and Towest 10-20 nm

1. Regional patterns | |

; greatest south of Point|Lay (sectoﬁs

Lonely (3.1 seals/nm2),

' {
: |
.1’ |
.

’ |

|

In the Beaufort Sea (sectors B1- B4),

entire region (Table 12). Seals at ¢

and B4, but they, too, were most numerous within 6 nm of the edge.
pack ice, densities were Tower ahd seals at cracks were more broadly -
seals at holes and those at cracks was

distributed, but the density of both

highest w1th1n 2 nm of the edge. (F1gL
‘L i

. : i

Total coverage of the pack ice in tm

in sectors C1-C4. The combined Chuk
ice was 3 67 seals/nm2, T Most of thos

In the Beaufort. Sea, tota] coverag
355 nm2. An additional 93 nm? was su
density of total sea]s in -pack 1ce

weré seals at cracks. Dens1t1es of

the density of seals at holes on fast
he edge, and:was similar across that
racks were abundant only in sectors B3
In the

re 3B). |

chi Sea dens1ty of total seals on pack
e were seals at ho]es

e of.pack ice in sectors B1-B4 was

rveyed 1 week later in sector B5. The
in sectors B1-B4. combined was 3.32

In marked contrast to the Chukchi Sea, 62% of those (2.05/nm?)

|
seals at holes were similar in sectors

B1-B4 (range 1.1-1.5 seals/nmz) However, seals at cracks ranged from less

than 0.5/nm2 in sectors Bl and BZ*

to over 2 seals/nm? in sectors B3 and

B4. Sector B5 was f]own about a week later than the other sectors and the

. density in pack ice (8 3 sea]s/nmz) was about 2 5 t1mes higher than in
_sectors Bl B4 comb1ned ‘ : i

1

The trend in density on the packt

(Figure 3).
Sea, the density was highest w1th1nt

t

ice relative to the fast ice edge was

similar to that on fast ice: 'more seals were :seen close to the edge
For both seals at holes and seals at cracks in the Beaufort

2 nm of the edge, intermediate 2-10 nm
distant. The density of total seals

nearest the edge was 6.6/nm2, compared to 3.2/nm? between 2 and 10 nm, and

2.3/nm2- seaward of- 10 |nm.
Chukchi Sea, but the trend was simil

Less area of pack ice was surveyed in the

ar, with 4.4 seals/nm?2 within 4 nm of

the edge, 3.2/nm? between 4 and lo-nm, and 2_2 beyond 10 nm.

D. Temporal and Spatial Patterns in Abundadce

I

|

Densities of total seals on the fast ice of the Chukchi Sea in 1987 were

the north (Table 13)., The mean -

C1-C4) and were cons1derab1y Tower to
density! of total seals for the 3

southernmost sectors combined (Cl- C4) was 4.0 sea]s/nmz, compared to 2.6

sea]s/nm2 for the more’northern se<tors C5 and :C6.
counted in the Chukchi Fea were seen at,ho]es.

for 1% of the total sea]s in sectors

In the Beaufort Sea, de%s1t1es were
over twice ja
between Lonely and F]axman Island (8

between Flaxman and Barter Is]and (

Most of the seals
Séa]s at cracks accounted
C1-C6 combined (range 04-6%).

Towest in the west between Barrow and
S high in the: central Beaufort region
1 seals/nm2) and the eastern Beaufort

~ between Barter Island and Demarcation Point (7.7/nm2), and 4 times as high

12.0 seals/nmz)

However, the sector

|
|
|
|
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Chukch1 Sea ‘in 1987 was 176 nm2, all

}
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Tabie 13. Den51ty of r1nged seals on shorefast ice and pack ice in the
s Chukch1 and Beaufort .seas, May- June 1987,
Fasf ice. - ~ Pack ice
Seals/nm? =~ . . Seals/nme
Sector  nm? holes cracks:  total nm2 holes cracks total
' Chukchil’ o R : o
cI 506 3.92  0.01 3.92 53 276  0.15 2.9l
S c2 63 4.53  0.03 .4,56 99 3.82 0.74 4.57
92 357 0.23  3.80 23 157 0.00 .57
cs 156. 2.59  0.00 - 2.59 0 - - -
6 76 2.65 0.05 2.70 T
ALL . 892 3:58  0.03  3.62 176 3.20  0.47  3.67
' Beeufprt o
"Bl 161 3.00 0.11 3.10 . 32 1.14 0.25 1.39
B2 227 4.35 0.8 4.44 39 1.17 0.9  1.66
B3 112 3.57 451  8.08 159 1.48  2.65 4.13
B4 53 3.52 . 8.53  12.05 125 1.09 2.23 3.31
85 - 45 6.69 1.2 7.71 93 2.70  5.65 8.35
Bl-83 501 3.74 1.08  4.82 230 1.38 1.95 3.33
B1-B4 554 3.72  1.79  5.51 35 1.8 2.05 3.3
B1-85 599 3.94  1.74  5.68 489 1.57  2.80  4.37

1

In 1987, - snow me1t occurred much ear11er than in the prev1ous 2 survey
years. Sector Cl 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 Cl have been multiplied by the correction
factor 1.32 to make them comparable to data from other sectors that were .

surveyed at 300 ft.




 of fast ice coverage (Table 14).

~in the  Chukchi  Sea, and 24,100
estimates do not account for sea]s that were in the water at the time of

~ In ‘the Beaufort Sea, 5 replicate d

apart. In all 3,

~ensure that ‘density comparisons for,

- both fast and pack.

was greatest for seals at cracks. |

“In Bl, the difference was not Signi

leading to artificial 1sPands l

;
i i
| |
i

B3- BS data- may not be comparabie to

that from sectors Bl and B2.

was apparently well advanced by the time we flew sectors B3 B5, despite the

re]atively early date. i

3

, - i
Observed densities of seals were ext

rapolated to estimate the total number

of ringed seals hauled out on the shorefast ice of, the Chukchi and Beaufort

seas in May-June 1987 by multiplying

confidence intervals of 20,200 t:2,:

the density in each sector by the area
Calculations ‘indicated means and 95%
00 total seals hauled out on fast ice
6;800 in the Beaufort Sea. These

the surveys, seals’ that|were missed by observers, or seals in the pack ice.
The Beaufort Sea estimate includes very high numbers of. seals at-cracks in

sectors B3-B5. - : !

l

2. Temporal variability

2 sets of lines were f]own twice,
significant difference an the - densit

either comparison (Tab]e 15). ;

1

During 1987 surveys, portions of sev=ra1 sectors were flown more than once
- to test for temporal variability ;In the Chukchi Sea (sectors C2 and C6),

up to ;4 days apart. There was no
y of seals at holes or total seals in

ata sets were compared Two sets of

Tines in sector Bl were|flown 2-3 days apart! under similar ice conditions.

There was no 51gnificant difference i
comparison. Three pairs of surveys

n the denSity of total seals in either
sectors:B1l and B3) occurred 5-11 days

“the density of .seals at holes. and of total seals was

Significantiy greater on the 1ater date

In sector Bl, the pOSition of the ice ‘edge, and therefore the area of fast

ice surveyed, remained 51m11ar throu
jce edge was breaking up quite rapi
reduced by approx1mate1y 23% between

areas, we compared (a) only the area

hauled out on the 1ater date (4.90.v
and 4.91 vs 11.38 seals/nm2 for fast

ghout our surveys. - In sector B3, the
dly, and the :total fast ice area was
the 6 June and 11 June surveys. To

sector B3 were made between comparab]e

within 6 nm of land and (b) all ice,

In both comparisons, 51gn1f1cant1y more seals were

s 11.75 iseals/nm2 within 6 nm of land
and pack ice-:combined).

We also caicu]ated average group - SiEe (the number of seals hau]ed out at a

single hole) and the den51ty of groups for ear]y .and mid-June surveys in

the Beaufort Sea (Tab]e 16).

In sector B3,

the average group size was

significantly greater for the later! surveys (1 5 vs 1.8, t=2.311, p<0.05).

The den51ty of groups increased in bo

were surveyed ]ate in the study perio
\

E. Den51ty of seals 1n\re]ation to

In spring of 1987 therejwas 11tt1e§1
We saw no evidence of on-ice seismic

e |

ficant (1.3 vs 1.4, t=1.518, p>0.1).
th sectors, with the greatest increase

in Bl. Group size was a]so comparativeiy large in sectors B4 and B5 which

d .

| ,
|ndustria1 activities

idustriai act1v1ty in the study area.
>urveys, or ice roads other than those

1
[
1
1
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Breakup'

The increase .

N - .
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Table 14. Density and estimated numbers (95% confidence 1imits) of total
, ringed seals Hauled out ons<the .fast ice in the study area
during aerial surveys conducted in May-June 1987.

Density'- seals/nm2

_ Fast ice Estimated number
- Sector (£95% confidence interval) ‘area - nm2 of_hauled-out seals
Bl 3.10 (+0.37) 1,050 3,260 + 390
B2  4.44 (:0.53) 1,770 7,860 + 940
B3 8.08 (42.96) 780 6,300 + 2,310
B4 12.05 (£11.94) 410 | 4,940 ;‘4,900‘
B5 7.71 (£2.45) 240 1,850 + 590
Beaufo}f - o ' H o - :
Total 5.68 (:1.61) 4,250 24,140 + 6,840
1 3.92 (+0.69) 2,390 9,370 + 1,650
€2 4,56 (x1.74) 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 (x0.41) 5,585 20,220 + 2,290
Grand -
Total 9,835 44,360 * 9,130




Table 15. Comparison of rlnged seal dens1t1es derived from rep11cate surveys of the same lines flown on
: d1fferent days. Only seals on shorefast ice are included.
: Replicate 1 - Replicate 2 3
Sector # density - (seals/nmz) o density (seals/nm?) " Student's
{altitude) legs date . - holes . cracks total date holes cracks - total : . t-test
2 6 23 May 1 6.32 0.0  6.32 23 May - 6.10 0.06 6.16 ° holes t=0.170, df=10, n.s.
e M ' A . I - T total t=0.124, df=10; n.57 -
6 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.
o o : . total t=0.468, df=22, n.s.
B1 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.:
‘ o - o - - o “total £=0.374, df=12, n. s,
Bl 8 2 June 3.06 0.15 3.2 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<0.001
: ' ' o ' ' ' ' total t=10.25, df=14, p<0.001 .
B1 R - 2 June 3.06 0.15 - 3.21 13 June 8.06 0.51 8.58 holés t=10,77, df=14, p<0,001
’ ' . ' "~ cracks t=3,01, df=14, p<0.01
total t=11.97, df=14, p<0.001 .
B3 15 6 June . 3.7 2,51 6.23 11 June 5.1 6.08 11,19 holes t=7.07, df=28, p<0.001

cracks t=4.61, df=28, p<0.001

‘total t=5.83, df=28, p<0.001

0]
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Table 16. Comparison of-average group size and density of groups for seals

-at holes in the fast ice, in the Beaufort Sea, June 1987 .

Sector Date - Seals/nm? Groups/nm? Group size
Bl - 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 371 2.8 1.53.
| 11 June 5.11 3.10 1.78
- B4 7 June 3.52 1.80  1.96
B5 12 June 6

69 314 2.13
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‘interactive effects were poss1b1e,

»Sandpiper

penetrated into the nearshore fast ic

- 0-2 nm ‘distance interval were - 12%-

i
t
|
?

‘ |
During 1987 aer1a1 surveys, as in

and Prudhoe Bay (Figure 4). They! v

the 2 previous years, there were 3

artificial islands located in the study area' in the region between 0liktok

ere: (1) Seal Island, located 10 nm

west of Prudhoe 'Bay, (2) Northstar [sland, located 4 nm west-northwest of

Seal Island, and (3) Sandpiper Is]a
Northstar Island.

Surveys were conducted jn the vicinit
and 11. June.
to each minute sighting block were
each interval to positions for the is
for 2-nm concentric circles centered
distance of. 10 .nm. Since the isla

were also calculated us1ng the minim
for each l-minute sighting block.
There was no consistent trend in 's
non-operational islands' (Table’ 17)..

Island, less numerous near Northstar,
At Seal Island, where
island, there was a large crack in:
shore, both to the north and to the
be caused by the island, may ‘have

When a1] 3 islands 'were considered
interval.
s1gn1f1cant on either day (t-tests,!

in the distance intervals closest to

9.0-12.5 nm2 in those 1ntervals on 11

Data from the 1987 surveys were | also anaﬂyzedi according to the 1986'

industrial and control blocks (F1gure
offshore industrial act1v1ty In:

density of total seals 1n the ' 1ndustria1" block was significantly higher

(p<0 02), than in e1ther control areéa

nd, located 5.5 nm west-northwest of

_ ! ATl 3 1s1ands were inactive during winter and spring of
1986-87. - . R i _ i ' i

i

y of the 3-islands twice in 1987, on 6
The shortest straight-line distances from artificial islands

determined by comparing positions for
lands. ‘Densities were then calculated
at the' artificial islands, out to a
nds were less than 10 nm apart and
a density in relation to all islands
um d1stance from any of the 3 1s]ands

03 1 denSity with distance from the 3
Seals were more numerous near Seal
and differed between the 2 surveys at
the dens1ty was ‘very. high near the
the ice running perpendicular to the
south. This icrack, which appeared to

e.
in aggregate, the densities in the
30% lower than those. in. the 2-4 nm

The dens1ty‘ d1fferencesILbetween; these 2 intervals were not

>0.05). Sample sizes were very small

the 1s]and 5 minutes and 4.5 nm? in

- the 0-2 nm and 2-4 nm 1ntervals comb1ned on 6 June and 10-14 minutes and

June.

4) even though there was 1ittle or no
the absence of industrial activity,

for both surVeys (Tab]e 18).

L

The 1ndustr1a] block was an area in’ wh1ch some type of industrial activity

(such as seismic. surveys or art1f1c1ﬁ] 1slands) had occurred in 1986, and

included the ice w1th1n 10 nm of 1an .

east and west of the 4

Control blocks were located to the

industrial block and were areas with no obvious

industrial activity. Alithough theyfwere 'controls” in the sense that there

was no industrial activity there in
environmentally comparab]e in terms
ava11ab111ty, etc.

|
!
t
r
|
!
!
?
i

1986 they may or may not have been
of bathymetry, ice. cond1t1ons, prey

i
I
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provided an avenue along which seals
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Figure 4, Map of the Cehfra1 Beaufort Sea showing locations of artificial

"islands and industrial and control blocks used in 1986 and 1987
data'ana1yses. ] ' : :
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Table 17. Density'offringed seals at holes in rélation to distance
: from 3 artificial,islaqu in the Beaufort Sea, June 1987.

| . .

, . } nm? g . Distance (nm) ~
Island Survey surveyed - 0-2 2-4 4-6 6-8 8-10
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 4.2 6.3 6.1

Sandpiper ~ 87-1 . 27 7l1 7.6 2.2 4.2 3.9
o 87-2 34 6.8 5.5 6.6 5.2 119
Any Island = 87-1 45 47 6.7 2.4 4.1 4.0

87-2 i 50 7.1 - 8.1 9.5 5.8 5.4
] | -
: o
| i !
| IR
‘ t i
1 % | :
| i
| | 7
A ’
‘ ;
| : x‘,

i |
f ]
| |
| i
| |
g
| 1
t
|
i
| | a
A
3
»
1
B i

~
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Table 18. Densities of ringed seals (seals/nm?) within 10 nm of land in
- "industrial" and "control" blocks in the Beaufort Sea,
" -dJune 1987, Standard deviations are given in parentheses.

Block

#legs “density (SD)

Seals at holes

Seals at cracks .

Total seals

density (SD)

density (SD)

Test 1 - 5-6 June

Industrial

.

Control West 5

Control East 7

industria]

'Tesf 2 - 11 June

{ <Cohtrol West 9

Control East 9

3.80 (1.05)

- 3.84 (0.57)

2.04 (0.56)

8.10 (1.41)
5.90 (0.40)
3.36 (0.55)

3.38 (1.11)

'0.61 (0.37)
1.51 (0.55)

. 6.73 (4.51)

2.36 (2.23)
3.33 (2.43)

7.17 (1.55)

4.45 (0.77)

3.55 (0.70)

14.83 (5.23)

8.25 (2.34)
6.69 (2.43)
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1986, and 2, 958 nm2 (71% fast ice

‘occur in such hab1tats, this is not' t
numbers of resident animals. We also did not obtain adequate coverage in

~in 1987,

‘increased ability of survey person

VI. Discussion and Cohtlusions
. b }
A.  Survey effort 3 o i

The total amount of survey effort‘

in terms of area surveyed of fast ice

and pack ice, is summar1zed for eacw.sector in Table 19.. The total area

surveyed was 3,409 nm2 K92% fast ice

) in 1985, 3,405 nm? (74% fast ice) in
) in 1987 Variations in total and

proport1ona1 coverage were due mostly to intentional "adjustments to in

survey design. The reduced fast 1ce
and 1987 was due 1arge]y to the dec'is
Tines in sectors B2 and B3. A]so,
islands (lines spaced lfnm apart) wa<
1986 and 1987 included, where poss
40 nm off shore in order to prov1de

coverage in the Beaufort Sea in 1986
ion not to attempt 90% coverage of all
the intensive grid around artificial
flown only in 1985. Survey design in
ible, 2-4 11nes per sector extending
coverage of pack ice. There was no

systematic attempt to obta1n pack 1ce coverage in 1985. Overall, there was

considerable var1ab111ty in pack 1ce
the location of the fast ice edge,a
surveys and the beg1nn1ng of breakup

Although we initially - 1ntended to-

portions of the Chukch1 and Beaufor
so. In all 3 years, the shorefast
(sector C3) consisted of a very narrg
variable width and a very extensiv
aerial strip transect surveys impract
of Cape Lisburne cause severe downd
the narrow band: of fast ice diffict

coverage due to annual variations in
nd the relationship between timing of

gather data on seal density for all
t'-sea coasts, it was impossible to do
ice from Point Hope to Cape Lisburne
w_band, =seaward of which was a lead of
e shear zone.  These conditions made
ical. Furthermore, steep cliffs south
rafts near shore and make flying over
i1t and unsafe. Also, while seals do
he type:of region which supports 1arge

the Beaufort Sea east of Barter ‘1§1and (sector: B5). 'Reasons for this
include limited extent{of shorefast ice, early and complex patterns of

breakup, and limitations on the n

45 nm? of fast ice surveyed
i

The amount of fast ice area surveyed

ice area in relation to survey area in the; selected data base was quite

umber of survey hours available. A

- concerted effort to get data for! this 'regdon in 1987 ' resulted in only

, expressed as a percent of total fast

consistent (Tab]e 20). !The differende between the: Chukchi Sea and Beaufort

Sea in 1985 and 1986 1s]due to the fact that in those years all Chukchi Sea

sectors were surveyed at 500 ft (str1p width'2,250: ft) and all Beaufort Sea

sectors except Cl were‘surveyed at

'sectors were surveyed at 300 ft (str1p w1dth 1,350 ft). 1In- 1987, all

300 ft and the difference in coverage

was much less. When data for the: Ctukch1 and Beaufort seas are combined,
effort as reflected in the selected data base was virtually identical among

years: 14.3% coverage fin 1985, 14.3
| |
The total area of fast ice sUrveyed
included - in the selected data base

survey performance. In 1985, SBAfo

b coverage in;1986,.and 15.0% coverage

(Table 19) can be compared to the area
(Table 20) as.a partial evaluation of
f all data co]]ected was used in the

selected data base; this va]ue 1ncreased to. 70% in 1986 and 73% in 1987.
This dincrease reflects! both the resu]ts of analysis of 1985 data that

refined our definition of the. surve

cond1t1ons T f
1 b
[
| i

y window (Frost et al. 1985b), and an
nnel to _anticipate_ appropriate . survey

S
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‘Table 19. Total area su?&gyédu(hmz) in fast%nd pack ice during ringed
: seal aerial surveys conducted in May-June 1985-1987. A1l data
_co]]ected are 1nc1uded
| . : 1985 1986 1987
Sector Sector boundaries fast. pack fast pack fast  pack
€1 Cape Espenberg - 542 20 491 '3 641 53
‘ Cape Krusenstern
€2~ Cape Krusenstern - 58 136 101 77 97 184
Point Hope - o
€3 Point Hope - 0 0 0 0 0 0
Cape Lisburne ' '
C4  -Cape Lisburne - 167 0 212 0 117 50
: Point Lay ' .
¢5  Point Lay - 134 0 204 34 156 . O
o Wainwright
C6  Wainwright - 115 0 272 157 . 156 0
Barrow ' L
Total Chukchi Sea 1,016 156 1,280 271 1,166 287
Bl  Barrow - Lonely 382 7 456 145 357 96
B2 Lonely - Oliktok 820 0 378 12 255 38
B3 01iktok - Flaxman 631 63 345 305 214 229
B4 . Flaxman - Barter 2719 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
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Téb]evZO. Aerial surﬁey coVerage}during ringed seal aerial surveys
: conducted in May-June 1985-1987, selected data only.
v 3 ~ Area of a ,
E o Area of fast ice | Percent Area of
. Year Region = fast ice surveyed .coverage pack ice surveyed
' 3 - | . ;
1985 Chukchi 4,890 { 946 : .19 128"
Beaufort 7,745 - . 1861 S | 97
' " ' b i .
1986  Chukchi 5,800 k1,073 . ‘19 128
~ Beaufort 6,535 .| 693 : 11 208
1987 Chukchi 5,858 tlelg 16 202
Beaufort 4,250 '] 598 14 447
; ; I
:
:
1
I
K o
]
|
| |
o
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B. Aer1a1 survey methodo]ogy

1. Inf]uence of weather

Previous studies have shown that weather affects 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 limited number of coastal stations and may not have accurately
represented conditions in the survey areas on the ice surface

The data co]]ected in 1985 contained some legs flown at wind speeds of
21-25 and 26-30 knots, and air temperatures of -6° to.-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 ‘Tower
density estimates - but those comparisons were considered inconclusive
because of small sample sizes. It was recommended that whenever poss1b1e
future surveys shou]d be flown at wind speeds <15 knots.

No surveys in 1986 or 1987 were 1ntent1ona11y f]own 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, we believe that all data col]ected at wind speeds of < 20 knots
can be cons1dered comparab]e

2. Altitude effects

‘Previous aerial surveys of ringed seals have generally been flown at

altitudes of 300 ft to 500 ft. The preferred altitude has usually been
500 ft, with 300 ft considered an acceptable alternative when necessitated
by low cloud ceilings and/or fog (Stirling et al. 1977 and 198la, b;

- Kingsley et al. 1982 and 1985; Burns et al. 1981; Burns and Kelly 1982).:
. 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 a1t1tude of 500 ft unless
~conditions requ1red otherwise. :

In 1985, the-ice in the Chukch1 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 1n1t1a11y 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 ft survey altitude were
from 23% to almost 300% greater than those at 500 ft (Frost et al. 1985b).
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. which the same 1lines were flown on

in comparisons using a]] suitable
-Based on data sets from 5 years,’a

‘that for e]ephants ‘a 50% reduction

- 'densities observed at ‘500 ft vs 3
altitude, increased str1p width, or‘toth

Although these compar1sons were not

40
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;

made on identical data sets and were

not necessarily under the same weather and iice conditions, the difference
was large enough to warrant further jnvestigation,

Altitude compar1sons were conducted
et al. 1987) and in 2 sectors (C1 an

densities of seals at holes based on
at 300 ft (Table 21). A1l compay
(p<0.05). For the 5 systematic alt
density - of seals at holes was 764

d Bl) in 1987. For all comparisons in
the same day at both altitudes, the
counts at 500 ft were 71%-80% of those
risons were stat1st1ca11y significant
itude compar1sons combined, the 500-ft
of that determ1ned at 300 ft, or,

conversely, 1.32 t1mes< as many sea]s/nm2 were counted at 300 ft as at

500 ft (p<0.001).

11
¥

In 1986, we conducted separate analy
and "rough" (20%-40% deformat1on);1
comparisons (Frost et :al. 1987).
deformation might have an interactive
the differential counts at 300 ft!
ice. However, when ratios of seals
the entire. 1986 data base, that- d1d
1987 surveys. were also ana]yzed as if

observed ratio of densities (D) of!

ses of "flat" (0%-20% deformat1on) ice
ce for the data sets used in altitude
These compar1sons suggested that ice
> effect with survey altitude, and that
and 500 ft occurredyprimari]y in flat
in flat or rough ice were compared for
not appear to be the case. Data from
at or rough 1ce and have been included
ringed seal survey data (Table 22).

titude has no apparent effect on the
seals in{flat and rough ice. At 300 ft

altitude, the ratio of Df]at Drough ranged from 1.0-1.8, and at 500 ft from

0.9-1.7. The ratios of dens1t1es

in' flat ice! or rough ice at the 2

altitudes were also similar, and generally approximated the 1.32 correction

factor developed for a1t1tude base

d on 1986 and 1987 data sets (Dflat

300: Df]at 500 = 1.2-1. 6 ~Drough 300:Drough 500 0 9-1. 8)

Other investigators have d1scussed

the factors.affect1ng sightability of

animals from the air. ' Caughley (1974) stated that the 3 most important

factors are probably ground speed,

strip width, and altitude, and that

sightability declines with increases in aﬂ] three. ‘Data examined for
sightability biases by Caughley (1974) and Caughley et al. (1976) indicated

increase 1in the number counted.
indicated that more var1ab111ty was

in survey altitude resulted in a 25%

. Their analyses of wildebeest surveys’

associated with strip width than with

altitude, and that doubling strip width (from 200 m to 400 m) resulted in
about a 50% reduction in estimated density VSurvey speed was also found to

affect density est1mates
' i
In all 1985-1987 surveys of r1nged

seals, iair speed was held constant.

However, altitude and strip width| varied between areas and among years.

Our survey protocol spec1f1ed that nrc]inometer angles defining strip width

would remain constant, regardless of a1titude, to minimize disruption and

recalibration by observers during changes in altitude.. However, this meant

that changes in strip width always

occurred concurrent]y with changes in

altitude, and the b1ases associated with the 2 variables could not be
tested independently. | Thus, we coy]d not determine whether the Tower

l

|
L

0 ft were attr1butab1e to increased

in 2°sectors (C6 and B1) in 1986 (Frost,

~
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Table 21. Compar1son of densities of r1nged seals at holes der1ved from surveys

- flown at 300 ft and 500 ft altitudes in sectors Cl, C6 and Bl dur1ng
May- June 1986 1987, fast ice on]y

300 ft . 500 ft

' . # of area seals/ - area seals/ - Student's
Sector Date legs  nm? nmz  sd nm2 om2 . sd t-test -
c1 5/22/87 4 59  2.58 0.19 120 1.91 - 0.35  t=3.365
' : ' df=6
_ p<0.02
5/24/87 = 6 28 0.98 0.24 47 -~ 0.70 © 0.09 t=2.676
S ~ -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<0.001
BI '5/31/86 8 77.0 2.38 0.25  128.4 1.71 0.22  t=5.62
! | » - df=14
| | p<0.001
6/2/87 6 39  2.94 0.47 62 2.23  0.28 t=3.19
_ _ . : ' df=10
. p<0.01
AN | 39 271 2.49 . 0.18 - 471 1.88 o 0.16 t=15.61
_ _ - - ‘ ' - df=76
p<0.001

s = == == E mm e e e e e e e S B B W
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Table 22.  Densities.of total r1n§ed seals (seals/nmz) in flat and rough ice for
surveys. conducted at 300 ft and 500 ft, 1981-1987. Data from 1985-1987
are from this study. Data from 1981 and 1982 ‘were collected by ADFAG
as part of»RU_#232,and ne- analyzed as: part of th1s study.
_ : e ! J | v II
! o I | |
g 300 ft : . . 500 ft
ice deformation . f , ice deformation I
| s : : o
- 0%#20% 120%-40% D flat | 0%-20%  20%-40% D flat
Year Area "flat"  "rough" D rough : "flat" “rough" D rough I
‘ o 'l : : f{ . f . ; . _ ,
1981  Beaufort 1.6 1.6, 1.0 I
. B ? S ;
1982 Beaufort | . 1.8 1.3 1.4
: ; z : , , -
1985 . Beaufort 3.3 3.1 05 R Y 1.7 1.6 l
o i S : : ' A
1986 Beaufort 5.1 3.4} 1.5 . 3.9 2.4 1.7
Altitude f } ; ' e l
test only 2.9 1.8y 1.6 . 1.8 1.9 0.9
1987  Beaufort 5.9 4.5 1.3 I
Chukchi 3.7 2.1 1.8
Altitude | SR T E : -
test only 2.6 2.7{ 1.0 1.8 1.7 1.1 I
z Z o
| s- I
i |
: 1
I i
| | i o
% L |
| | l
| § 1
:
: | I
: !
| i
| A 1
1 X : .
. i : :
- i ; ,
! - I
| |
L I
i i .
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 Data collected in 1981 and 1982 however, utilized a 0.5-nm survey strip

that was subdivided into:iinner. and outer 0.25-nm bands for which counts

were 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

During most of the ADF&G aerial surveys for ringed seals in 1985-1987, a
single trained 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 left 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
difference between left and right observers significant 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 right 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. (198la and b)
reported differences of 2% to 25% in surveys conducted during 1974-79 in
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 conditions on the -left and right 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) where seals
are very abundant, to result in large d1fferences in counts between the 2
sides of the a1rcraft

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, depénding on the search
pattern of the back-up observer, may have resulted in some seals being
missed. Participants agreed that this generally was not a major problem.

Of the 13 comparisons, 7 were between an experienced pr1mary 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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- Table 23. Density of finged seals in inner and outer 0.25-nm survey strips
o based on aerial surveys conducted by ADF&G in‘May-June 1981 and
1982. Inner and outer strips for 1981 extend:from 750 ft to
2,250 ft and 2,250 ft to 3,750 ft from:the aircraft, and in 1982
from 0-1,500 ft andv1,5?0-3,0002ft. N -
o 3
e - Séa]s/nm2 o ‘ Ratio
o f o R T inner inner
Year Sector nm? i inner .outer - total outer total
1981 I R
(300 ft)  B1 70  1.62 .77 - 1.69 0.92 0.96
' B2 592 1.43  '1,06. 1.24. 1.35 - 1.15
B3 . 516 . 1.49 1,07 - 1.28 1.39 1.16
B4 130 §: 1.67 1.93 - 1.76° 0.87 0.95
_ Al 1,308 | 1.48 11 19 1.34. 1.24 1.10
1982 o - B o |
(500 ft) B1 106~ 1.31 0L67 0.99- 1.96 1.32
B2 94 « 1.68 1.23 1.45 1.37 1.16
B3 .~ 243 | 1.85 = 1.32 1.58 1.40 ©1.17
B4 47 1 1.11 1,00 1.05° 1.1 - 1.06
A1l 490 f' 1.63 113 . 1.38'  1.44 "‘1.18
I ' ] I : '
| | ¢ :
N T
| |
E
| ; ,
; 1
; § :
| (
| 't
| E
y | :
! 1 "
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Table 24. Comparison'of the n&mber of sgéfé'counted by left and right
- - observers for ringed seal aerial surveys, May-June 1985-1987.

p>0.9, ns

R #'seals v Paired Wilcoxon
Date n left right t-test signed rank
May 1985 10 2,272 2,478 t=1.409, df=9 =-0.459,

. o : _ p>0.1, ns p>0.6, ns
“June 1985 13 1,751 1,859  t=0.996, df=12  2=-0.943,

o : ' p>0.3, ns p>0.3, ns
May-June 1986 29 7,229 - 6,688: t¥1.79, df=28 z2=-1.774,
a : p>0.05,}ns p>0.05, ns
May-June 1987 29 6,553 6,595 t=0.i3, df=28 - z=-1.157,
, ’ : 'p>0.2, ns
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Table 25. Compar1son qf counts of, ninged seals made by experienced and
. 1nexper1enced observers: dur1ng aerial. surveys conducted during
May-June, 1985 1987, :
Pfimari observer abk-up observer

C#  number oé x seals/ n;mLer‘of x seals/ Paired
Date Tegs seals | Teg | seals "~ leg . t-test
Back-up ?. o
Inexperienced ) ‘ : ’ . - ‘

22 May 1985 - - 14. 442 | 31.6 ' 420 30.0 t=0.598, df=13, p>0.5, ns
22 May 1985 14 393 28,1 436 3.1 t=1.74, df=13, p>0.1, ns
23 May 1986 14 564 ib, 40.3 1427 30.5 . t=2.386, df=13,. p<0.04

31 May 1986’ 22 227 ; 10.3 ;132 6.0 t=3.762, ¢f=2i; p<0.001
22 May 1987 6 213 % 35.5 ; 144 2.0 t=5.019, df¥5, p<0.01
23 May 1987 28 531 | 18.9 ;434 15.5. - t=3.485, df=27, p<0.002
24May 1987 20 175 | 8.8 | a2 7.1 £=2.260, df=19, p<0.04
Back-up » b i ; 4
Experienced { ' } , )

30 May 1985 = 28 320 | 11.4 ' 306 10.9 . ¢ "£=1.077, df=27, p>0.2, ns
26 May 1986 6 339 i 56.5 §3a7 57.8 t=1;s12, df=5, p>0.1, ns
25 May 1986 27 489 | 18.1 1458 17,0 t=1.686, df=26, p>0.1, ns

26 May 1986 5 8 | 16.8 g 78 . 15.6 | £=0.48, df=4, p>0.6, ns .
27 May 1986 14 88 { 6.3 " o3 ‘6.6 f '£=0.219, df=13, p>0.8, ns
27 May 1986 8 52 | 5.3 | b8 7.3 | t=0.928, df=7, p>0.3, ns
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compar1sons between exper1enced observers, or w1th a novice observer who
had received some training, differences were not significant (p>0 1).
Inexperienced observers undercounted by 5%-42% in all but one comparison.
In contrast, when both observers were experienced, there was no pattern to
wh1ch observer had the h1ghest count.

~Using the counts of primary and experienced back-up observers, ca]cu1at1ons

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 probability 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 s1ng]e observer only and B is the
number seen by both. The number missed is represented by M=S$2/4B, 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, the counts suggest
that a single observer sees about 83% of the groups and 82% of the seals
hauled out on the ice. This is a relatively high proport1on compared to
the estimated 40% determined by Caughley for e]ephants in wooded areas of
Uganda.

Using these data, the probabi]ity that seals were seen by both observers
was 0.7, 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
all of the seals 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

~ Tow by about 18%.

4.' Survey coverage

In order to arrive at a samp11ng p]an 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 B2 and B3 where coverage was 90% of all Tines.

This relationship was reanalyzed using data collected in sectors B2 and B3
in 1985 and the same pattern was found (Frost et al. 1985b) 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
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Table 26. Number of groups of seals- and numbers of seals seen by .one or
: both observers during comparative counts by primary and |
exper1enced back-up observers. P = probab111ty that a given
'seal is seen by a given observer, = number seen only by
~ observer A.; = number|seen only b9 observer B, B = number
seen by both ogservers, M= number missed. See text for
formu]asvang explanation
T 3
o S N | < Estimated
Date o | _ SAi SB . B M total #
S . j i L i o .
30 May 1985 groups . - __33; 260 174 5 238 0.86
' . number : S » 0.85
24 May 1986 groups - 40 | 23 142 7 = 212 0.8
‘ ' number ) | Lo : 0.78
T . ‘ b , . .
16 June 1986 -groups o 10, 10 38. 3 61 0.
. _ number _i . , . . 0.86
28 May- 1987 fgroups | 9| 12 40 3 64  0.79
~ number | m : ‘ 0.74
b .
o _ 2 ] S ,
Combined samples  groups 92 71 394! 17 574 - 0.83
- » number o L . 0.8
| | |
| |
% !
| |
] o
! o
i SN ;
| 1 P
' |
S

N . .
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conf1dence 1nterva1 around the mean density such that a value of 0.10 wou]d
indicate that the 95% confidence limits are equal 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 interval 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 B3 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 B3 (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 Cl and B2/B3 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 Beaufort sea data were
equa] to the mean plus or minus 9%—10% (Frost et al. 1987)

The relationship between ‘the number of transects se]ected from the data
base and the var1ance 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 declined gradually. Variance was very erratic 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 Cl,
C4, and B2/B3 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 Tegs 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 times 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 Tevels, coverage

of 90% results in cons1derab1y greater precision.

Although we attempted 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)), the
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Relationship between the number of transects selected. from
the data base and the error variance of the mean density
estimate for sectors B2 and B3 combined. Each point
represents the mean of 6 separate calculations.
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Table 27. Re1ationshiq between variance of ihe mean (c?) and the pé}cent

of all possible transects| selected for selected sectors,
1985-1987. f o ‘

v

i
i

o
,

| Percent of tﬁansects se]écted

T
!

- -  __seals at holes only ; L a]T seals -
Sector  Year # Legs ~ 60% .90% - 1007~ 60% 904 1007
c1 1985 19 & 0.031  0.024  0.025 . 0.125 0.074  0.068
1986 16 & 0.069 0.042 0.034 0.072 0.080 0.066
1987 18 | 0.091 0.069 0.060 ' .0.145 0.075 0.060
. i 1 ! t .
- C4 1985 16 = 0.144. 0.090  0.066 0.207 0.139  0.115
. 1986 ~~ 16 :© 0.230  0.178 0.156 ~ 0.191 0.176 0.145
' 1987 -~ 19 : 0.324  0.159  0.130 . 0.696 ~ 0.222  0.166
o } . ¢ . ' , S
C5 & C6 1985 24 1 0.071 0.047 0.043 = 0.065  0.045 0.043
© 1986 32 ¢ 0.104 0.040  0.031 - 0.218 0.145  0.118
1987 30 % 0.063 0.036 0.030 . 0.076 - 0.034 0.030
B2 &B3 1985 49 | 0.021  0.013  0.011 ' 0.086  0.057  0.049
1986 -~ 36  0.054 - 0.031  0.027 : 0,070 0.037 0.032
11987 44 | 0.055 - 0.025 . 0.023 : 0,147 0.087 0.069
o . .i : ' f U o
| -
! f
i’ |
i 5
{ 3
; !
z ,
} |
o
i i ;

Cn - .
N . . '




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 (89.5% ;overage) deleted.
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y = - 003x + 461, R-squared: 029 '
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Figure 9. Re]atiohéhip-between 1.96 standard deviations divided by the’
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re1at1onsh1p was not stat1st1ca1]y}s1gn1f1cant (R 0. 167 p>0 39).
sector with 90% coverage "is deleted (Figure 9B),
* trend (R=0.036, p>0.85).
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If the
there is virtually no

This indicates that the amount of variability was

quite constant over the range of samp11ng 1ntens1t1es accomplished dur1ng

this study.

\

Since- th1s calculated ualue'(l 96,standard deviations/mean density) is an
index of the .size of the 95% confidence Timits around mean density
estimates, it can be used to compare the variability of density estimates

among sectors and years (Table 28

Bl (+12%-20%), and B3 (+14% 19%). t
somewhat greater, espec1a11y where
sectors B3 and B4 in 1987.

sectors were combined to make Tlarger

). The' individual sectors with the

onf1dence 11m1ts for total seals were
cracks !were inumerous as occurred in

Variabiflity was greatly reduced when several

data sets. Confidence limits for the

Beaufort Sea as a whole were +9A-100 for sea]s at holes and +14%-33% for

all seals; comparable values for the
0bv1ous]y, seals a]ong*cracks had a

-* : L
- !

indicate -that the re]at1onsh1p;
distribution and density was quite co
Seals were less abundant in rougher
jice of 0%-20% deformatﬂon, where der
h1gher than in ice of greater deforma
Numerous 1nvest1gatorsf have noted
distribution of ringed seals and, in
is their preferred breed1ng hab1tat{(
Studies conducted in the Canadian Ar

1985; IStirling et
seals preferred areas w1th little ope
rotten, flooded ice. Ice cond1t1ons

Surveys were flown over mostly unbr(

_significant amounts of open water were present.

to occur before substant1a1 cracking
Although in some years -breakup com

conditions were present] during our su
. studies have not been re]evant to our

‘ |
Burns et al. (1981a) f1rst reported

They found that ringed sea]
less deformed fast ice, with the dens
1.3 times- higher than in ice of 30%
than in >50% deformat1on ‘Burns and

Chukchi 'Sea were +9%-13% and +11%-13%.
much greater linfluence on variability
Sea than in the Chukch1 Sea.

ea]s ;
i

' The resu]ts of our 1985 1987 surveys in the Cﬁukchi ‘and Beaufort seas

between . ice. deformation and seal
nsistent from year to year (Table 29).

sities were genera]]y 1.5 to 2 times
tion.

that -ice :conditions affect the
particular, that stable shorefast ice
McLaren ;19583 Burns 1970; Smith 1973)
ctic have addressed the effects of ice
1ge (from unbroken fast to broken open
cracking (solid, cracking, or rotten)
1. 1981b). These studies found that
an water, and iseemed to avoid areas of
in Alaska at:the time of our surveys
per1enced during surveys in Canada.
sken fast ice. and’ not in areas where
Our surveys were intended
and melting df the fast ice occurred.
menced ear11er -than usual, and such
rveys, the variables used in Canadian
data. - ¢ :

V

on r1nged seal ! d1str1but1on relative to

- the percent of ice surface that was deformed by hummocks and pressure
- ridges.

s showed a significant preference for
ity in ice of 0%-30% deformation about
-50% deformat1on, and 2 times higher
Kelly (1982)‘reported similar results

l
|
P
|

y of seals at holes were Cl (+9%-23%),

ice. The greatest difference was for
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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
cé6 0.30 0.33 . 0.49 0.30 0.53 0.47
A1l Chukchi  0.10 . 0.09 - 0.13  0.12  0.11  0.13
Bl 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
A11 Beaufort 0.10 0.10 0.09 0.14 o 0;16 0.33
B1-B3 0.11 0.10 0.08 - 0.16 0.11 0.20
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Table 29. Dehsity_of ringed seals (total seals/nm?) inirelation to ice

deformatiqn in the Beaufort and Chukchi seas, 1985-1987.

o

vSeals/an,

Deformation Chukchi

(percent) 1985 T1986 1

Beaufort'

1985

1987

0-10 3.2 5.6

2.1

6.4

: 3
10-20 2.5 4.2 26 3.7 5.3
20-30 24 3.9 2.3 3.4 v
30-40 15 2.4 1. 219 4.1
40 R W T 2, 2@2 1.9
| .
| ;
f , !
| z
!
|
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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 1ow, hauled-out seals were Tless

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
ava11ab111ty of flat areas on which to 1ie, we examined whether the reduced
densities in rough ice were proport1ona1 to the reductions in available

'f1at 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 Tower 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% deformation, 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 wusing 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
ability to detect approaching 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>0. 1) Densities were as high or higher in rougher ice as they were in
flat ice areas (Table 31).

2. D1stance 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 in 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 cons1dered, no firm conclusions can be drawn.

~ In the Beaufort Sea,'ana1ysis of density relative to distance from the fast

ice edge was complicated by difficulties in determining the exact location
of the "edge." The delineation between fast ice.and pack was usually
abrupt in the Chukchi Sea, and was often marked by an open lead. In the
western Beaufort Sea (sector Bl) this was also usually the case. However,
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Figure 11.

Relationship between seal density (total seals/nm?)

and ice 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 exp]anat1on
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Table 30. Combined densities (1935-1987) of ringed seals (total seals/nm2)
‘ " in relation to ice deformation in the Beaufort Sea.

I |

L
Deformation - - Area of ! | j : ' Density.
(percent)‘ Area ~ flat ice || # seals - Tall ice . flat ice only

0-10 712 676 +| 3,200 . 451 4.75

S 10-20 o s16 439 i| 2,233 433 5.09
20-30 476+ 357 | 1,636 . 3.4 4,58
30-40 246 160 | 643 2.6l 4.02
>40 w2 78 | 310 2.18 3.97
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Table 31. Density of ringed seals (total seals/nm2) in relation to ice

deformation in early and mid-June 1986-87, Beaufort Sea.

. Ice
deformationv 

June 1986

June 1987

middie

0-10
10-20 -

20-30
30-40
->40

9.3
8.5
11.3

15.0
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in the centra1 and eastern Beaufort Sea, part1cu1ar]y sectors BZ and B3,
identifying the edge fromithe™ 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 1lines, and refrozen 1leads.

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
attached 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 "fast 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 p051t1ons is
probably plus or minus 2-4 nm.

These facters cause - problems in determinihg patterns 1in seal abundance
relative to the fast ice edge. 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/nm?, compared to 2.5/nm? 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
occurring at cracks. Densities 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 seals/nm?2 within 0-4 nm of the edge compared to 3.3/nm? 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, after 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 approx1mated by the 20-m depth contour than by the apparent "edge
determined in 1985. Therefore, 1985 data were reanalyzed as distance from
the 20-m depth contour. That ana1ysis, 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
June data, before breakup began, showed similar densities within and beyond
4 nm of the edge (1 6 vs 1.5/nm?).
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In. aggregate, these data, suggest that the distribution and abundance of
ringed seals in the Bealifort - Sea relative™ts the ice edge changes as
 breakup begins. 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 beljeve 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/nm? 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 sea]s/nmz, 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

ﬂsea1s/nm2, and beyond 4 nm, from 2.6 to 6.9 seals/nm2,

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. 198la and b and Kingsley et al. 1985). They suggested
that these cracking conditions occur near or behind the edge and that the
associated high 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.

3. Distance from shore

Based on results of all 3 years of surveys, ringed seals were generally
less abundant within 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 coastline is
simple with no offshore barrier 1s1ands, 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 B1-B3 (R=0. 96 p<0.01, 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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1975) found no clear relat1onsh1p of
re. In Home Bay (Baffin Island) Smith
s ‘abundant beyond 18 miles from shore.

ffshore;abundance patterns are poorly
gs as depth, ice topography, proximity
- In the very.nearshore region,
tom, ent1re1y exc]ud1ng seals.

our surveys: was . to determine the
d seals on the shorefast ice, some

survey lines extended into the pack! 1

ce. In general, coverage of the pack

ice in these and earlier aerial surve&s has not been extensive in any year,

and has not included every sector eYery year.

l

Inter-annual var1at1ons'1n densities

- values for the same sector differin

between years.

ecorded for pack ice were large, with

by as much;as a factor of 8 or 9

For examp]e, in sector C2 we.counted 8.0 seals/nm? on pack
~ice in 1985 compared t0<1 3 sea]s/nm2

in 1986 and 4 6/nm2 -in 1987. Whereas

densities in fast ice since 1970 ha e fluctuated ifrom about 50% below to
40% above .the mean, densities in pack ice have f]uctuated by over 100%.
Part of this may be because much of the pack ice surveyed was near the fast

ice edge, which is an area where distribution changes markedly as breakup.

~ begins.

"In the Beaufort Sea, dens1ty in t

distance from the fast ice edge. '

Surveys conducted in the {same calendar week may reflect vastly
d1fferent ice cond1t1ons or breakup(ch

rono1ogy from one year to the next.

e pack ice genera]]y decreased with

Regress1ons of seal density on distance
from the edge out to 20 nm were significant for seals at holes and total
“seals in all 3 years (Table 33). 1In

1985 and 1987, years when the ice was

beginning to crack and break up durarg some of our surveys, the density of

seals at cracks was s1gn1f1cant1y hi

and lower but generally:similar in the pack ice farther off shore.

gher within a few miles of the edge,

early June 1986 surveys, seals at cracks were not more abundant near the

edge; there was no significant. trend
(R=0.429, p>0.2).

in density with distance from the edge
However, 1 week later after breakup had begun,

d1str1but1on of seals at cracks was similar to ‘that in 1985 and 1987:

_seals at cracks were much more abunda

1‘

Pack ice dens1t1es based on surveys;c

"~ _be used to estimate the . number of
particularly true if there is any 1n

of seals near the edge was underway .
for 1985-1987 suggest that, for al]
stabilize -about 10 miles from the fa
(Table 34).

o

nt near the edge (R=0.845, p<0.002).

onducted very inear the edge should not
seals in. offshore areas. This is
dication that; breakup and aggregation
3t the time of the surveys. The data
surveys, densities of seals at holes
st ice edge at just under 1 seal/nm2

The density of sea1s;at cracks was' more variable, but the
range (0.4-2.1/nm2) was [considerably
~edge (0.3-5.5/nm2). I ]

less farther bffshore than nearer the

In the
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Table 33. Density of ringed seals in the pack ice relative to distance
from the fast ice edge, Beaufort Sea, 1985-1987.

Seals at holes/nm? (total SeaTS)

| 1985 1986 1987 _ -
Distance ' early late ' .
0-2 1.7 (3.9) 2.6 (2.7) 2.5 (12.9) 2.0 (6.6)
24 1.8(3.9)  L7(L9) 1.8 (7.4) 1.5 (2.7)
4-6 C1.6(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 L5 (2.6)  0.9(20) 0.9 (3.3) 1.4 (3.2)
10-12° 0.9 (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)
1820 0.1 (1.9) 0 (1.2) o0

5 (1.4) | 0.3 (0.3)




Late 1.4 (6. 9)‘

0.22) (0.66)

_0;.6 (2.7)

| '
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 Table 34. Density of r1nged seals; sea1s/nm2) inithe eack ice from 0-10
. and 10-20 nm from the fa<t ice edge, Beaufort Sea, 1985-1987.
Values w1thout parentheses are for seals at holes on]y, values
in parentheses are’ for total seals.
—T _
0-10 nm. L : 10-20 nm
§ standard | SN - standard
Year mean deviation ' mean ~ deviation
1985 1.6 (3.6) 0.16 (0.35) 0.9 (2.0) 0.16 (0.28)
1986 Early 1.8 (2.1)! 0.21 (0.22) 0.8 (1.2) 0.19 (0.23)

0.09 (0.46)

1987 1.9 (5. 1)1 0.22, (0.59) 0.9 (2.6) 10.13 (0.59)
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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 C1-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?) (Frost et al. 1985b). However, 1976 surveys
were flown during the second week in June, almost 3 weeks later 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 ice. . Although the fast ice was still in place, the
jce was rotten and melting and conditions were very poor-for hauling out.
Since we observed cons1derab1y higher densities of seals in the Beaufort
Sea in mid-June than in ear1y June it is reasonable to think that the
northern Chukchi Sea experiences a similar increase.

The analysis of pre-1986 northern Chukchi Sea aefia] survey data presented
in Frost et al. (1985b) indicated a steady decline in the density of ringed
seals in the northern 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 consistent]y Tower than
those reported for the 1970's (Figure 15). The difference in densities is,
in actuality, probab]y 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 changing seal abundance, or is an artifact of survey methodology.
Surveys conducted in the 1970's consisted of 1lines 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'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 at a later date. :
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Table 35. Comparison qf the densities (sea]s/nmzb of ringed seals hauled
- -out on the fast ice in the Chukchi and Beaufort seas, 1985-1987.
A1l data_frqm surveys flown at 500 ft have been corrected to
make results comparable to data collected at 300 ft.
I P T . ,
| Mean density (SD) ;
Seals at holes Seals at cracdks . Total
' : : ' ) ! : :
_Sector 1985 1986 - 1987 19%5 1986 ' 1987 @ 1985 1986 1987
c1 3,68 7.29 ; 392 0.29]  0.25  0.01 : 3.97 7.5 3.92
(0.14) (0.26) !(0.35) (0.26) (0.19) .(0.00): (0.30) (0.40) (0.35)
_ P i , ' =19 n=16 n=18
c2 3,29  4.46 | 4,53 0.40| 0.92  0.03 : 3,69 5.38  4.56
(0.62) (0.51) :(0.89) (0.15) (0.35) (0.02).  .(0.63) (0.78) (0.89)
. » ! ' % . - n=17 ~ n=22 n=21
c4 4,37  6.64 . 3,57 0.26 0.17 0,23 i 4,63 - 6.81  3.80
(0.37) "(0.41) :(0.47)  (0.18) (0.08) (0.17)% - (0.43) (0.38) (0.61)
7 { ) - L n=16 . n=16 =16
s 2,69 3.55.! 2.59  0.00| 0.04 -0.00 ! 2.69 . 3.59  2.59
(0.41) (0.37) (0.16) (0.00) (0.04 (0,00) (0.41) (0.40) (0.16)
; | : i n=16 =17  n=18
c6 2.44 . 3,10 | 2.65 0.00| 0.90 ' 0.05 ] 2.46 4,00 2,70
(0.28) (0.40) (0.66) (0.00) (0.52) (0.08):; (0.28) (0.88) (0.65)
} i Coo n=14 n=15 n=12
Lo j : | :
All 3.5 5,74 - 3,58 0.23| 0.32 :0.03 ' 3,77 . 6.06 3.62
Chukchi (0.14) -(0.21) [(0.20)  (0.10)] (0.11) !(0.03):  (0.18) (0.26) (0.21)
; : . ; . =76 n=86 n=85
81 . 2.32 2,07 | 3.00 0.18| 0.06 .0.11 : 2,50 2,07 - 3.10
(0.21) (0.16) (0.19) (0.09)| (0.,00) (0.06)  (0.27) (0.16)- (0.19)
: P C ‘ ! - n=20 n=20 n=21
82 2,15  3.60 | 4.35 0.59 | 0.03 1 0.08 2,74 3,63 h4.4b
(0.29) (0.21) ;(0.27) (0.22)| (0,03) '(0.04) ;  (0.37) (0.22) (0.27)
. | . 1 n=14 n=21  n=21
: - ! : } ' I .
B3 1.61 3,70 | 3,57 1.7% 0,29 4,51 | - 3,33 3,99 8,08
(0.11) (0.28) (0.35) ~ (0.35) (0.20) (1.46) .  (0.39) (0.37) (1.51)
| , N ‘ I n=35 =15  n=23
' - ! ; : o
B4 1.65 4,21 | 3,52 0.37 | 5.24 . 8.53 | 2,01 9.44 12,05
(0.12) (0.65) :(0.44) (0.12)] (2.04) (6.01)!  (0.16) (1.67) (6.09)
' < . ; % ‘ : i n=14 n=12 n=15
B1-B3 1.89 3.21 | 3.74 1.12| 0,10 1,08 ! 3,00 3,31 4,82
- (0.12) (0.16) (0.17)  (0.24)| (0.06) (0.47) |  (0.24) (0.18) (0.49)
' b " L j - n=69  n=56  n=65
- g t ‘ . - :
Al 1.87 3,30 | 3,72 1.03| 0,20 -1.79 | 2.9 _ 3,81 5.51
B1-B4 © (0.10) (0.16) ((0.16) (0.18)| (0.30) (0.91) .  (0.23) (0.32) (0.93)
- . i o ‘ Co : n=88 n=68  n=80
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Table 36.. Comparison of ringed seal densities (total seals/nm2) on the
shorefast 1ceﬁof .the Chukchi Sea«based on surveys
conducted in'1985-1987. A1l data ‘from surveys flown at 500 ft -
have been corrected to make results comparable to data collected
at 300 ft. _
| 1985 - 1986 1987
Sector density rank density rank density rank
c1 3.97 2 1.5 1 392 2
2 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
(6 2.44 5 ' 4.00 4 2.70 4
C1-c6  2.77 . 6.06 R 3.62
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Sector densities were multiplied 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 Cl1-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 arrival of "spring" 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
coverage 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 (0liktok to Flaxman Island) decreased by almost 2,000 nm?2
between 6 and 12 June. K ) : o ‘
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~Table 37. Density and est1mated numbers (95% confidence 1imits) 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 I 1987

estimated o - ‘ estimated . ~estimated
' S 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? -density ~seals ~area nm? density -, seals
c1 2,500  3.97 8,800-11,800 = 2,515  7.54 17,000-20,900 2,390 - 3.92  7,800-11,000
| (£0.59) - -  (20.78) (£0.69) |
2 370 3.69  900-1,800 . 650  5.38  2,500-4,500 655  4.56  1,800-4,100
' (1, 23)*-__~wu,.,~.~ e T.4_«(;1T53)4~*wm-ﬂ~«w-w,_~_.*’.»f-f,,m(i1774)-~h5_mmww~~w,_-wrum
c4 845 4.63  3,200-4,600 990 6.8  6,000-7,500 715 3.80  1,900-3,600
| »_ (+0.84) : (:0.74) (£1.20)
¢ - 610 - 2.69  1,200-2,100 905 - - 3.59  2,500-4,000 995 2,59 ~ 2,300-2,900
_ (+0.80) _ (+0.78) _ o (+0.31)
e GE e a7E 240 900,400 TAD T 4.0 1370054200 B30T 2707 1,200-3,300
T (+0.55) : (£1.72) R (#1.27) .
" Chukchi 4,890  3.77 16,700-20,100 5,800 - 6.06 - 32,200-38,100 5,585  3.62  17,900-22,500
Total - (£0.35) - o (£0.51) | (+0.41) |

8L

~ . .
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Breakup further comp11cates the 1nterpreta§1on of density information by
1ncreas1ng the incidence 8f cracks and seals at cracks. Whereas seals at
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 migrate north 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 distribution, 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, either 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 density of total seals and the proportions of
seals at cracks increased greatly after the storm when ice conditions
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
dens1ty 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 -
Tower (1986) within 0-4 nm of the edge 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 idincreased from 1.1
seals/nm? to 6.9/nm2, and seals at cracks increased from zero to 7.2/nm?
(in sector B3). 1In 1987, when all surveys were flown after the beginning

~of breakup, densities near the edge were also very high: over 12 seals/nm?

occurred within 4 nm of the edge in B3, and over 7 seals/nm? 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
less 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 Bl 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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~Table 38. Average grdup size of ginged seals onifast,fce of the Beaufort
Sea, 1985-1987. I P S : :
{ |
| __Average number of seals/group
June 1985 o June 1986 , June 1987
Sector early .middle - |early middle . early  middle
. i . . ! ._f
B1 : - 1.29 : 1.30 ] 1.26 ‘1.59 - 1.25 | 1.39
B2 1.3 1.5 | 127 178 133 -
B3 145 - 137 | 1.35 174 1.53  1.78
B4 112 . L2 |- 187 1.96 -
| : , :
'~
; : |

Percehf of total ringed '
Beaufort Sea, 1985-1987.

1 ]

Table 39.

seals seen atjcracks'in the fast ice,

L ! :
A o
| ~_Percent of seals at cracks
June 1985 , - June 1986 June 198/
Sector early }midd]e | |early middle early middle
- — ‘
Bl 0.0 7.2 | 2.9 9.7 3.6 6.4
, L ; ‘ |
B2 12.8 . 21.5 (| 0.8 47.2 1.8 -
| 2 e o
B3 23.2 516 !|7.3 - 54.8 - 558 49.3
B4 - 18.4 - 555 70.8 -
] 5
; a i i
: f : 5
| | | i
f o
| 0
|
| |
i '
| :

“ .
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In combination, we th1nk . these observed changes in group size and in
percent of seals at cracks - 'Suggest that a substantial 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
seals at cracks were more abundant after the ice began to break up, the

‘density of seals at holes was actually s]1ght1y lower. In 1986, a similar

influx of seals probably also occurred in sectors B2 and B4, as suggested

by both the high proportion and h1gh absolute dens1ty of seals at cracks in
those areas.

The dynamics in sector Bl were considerab1y 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 Bl changed very little during the
1986 storm and the proportion and density of seals at cracks were similar

-~ in early and mid-Jdune surveys. Unlike sectors B2 and B3 where the density
‘of groups actually decreased slightly in later surveys, in sector Bl, the

density of groups of seals as well as of seals increased (Frost et al.
1987). As in the other sectors, this could have been due to an influx of
nonresident seals which, in the absence of cracks, hauled out at other

_ seals' holes or lairs. Kelly et al. (1986) found that in most instances, a

seal maintains more than 1 lair. We think it 1is 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
cons1derab1y among individuals (Kelly et al. 1986). Since those studies
terminated in early June, it is unknown whether or not haul-out duratwon
cont1nues to increase after that time.

Other 1nvest1gators have reported similar increases in density- and/or
changes 1in distribution as the spring season advances. Helle (1980)
documented a 10-fold increase in density of hauled-out ringed seals in the
Baltic Sea between mid- -April and. late May and concluded that mid-April was
too early for surveys. Smith (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.

F1n1ey (1979) found that in some areas of the Canad1an Arctic, densities of
ringed seals remained relatively stable from early June into July, whereas
in others there were great increases in density. . He, 1like Smith,

attributed such increases to influxes of seals from other areas. As
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"~ density 1ncreased in these areas{
‘larger numbers at holes and in very

-groups of seals -at holes and the pr

In a further attempt to determ1ne t

“compared 1986 densities! for all fast

. annual comparisons.
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season progressed, w1th as many as

Finley suggested that social struc
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groups seen later in the season.

indicative of seals that are non- res
seals at cracks represent relative s1
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apparent influx of nonres1dent seal
any portion of the fast ice where
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indicated differences  of greater
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“inley noted_that'seals aggregated in
large groups along cracks. In Aston

19 seals found around a single hole.
ture may break down as areas receive

He proposed,i as we  have, that large
esence of many seals at cracks may be
ident, whereas small group size and few
tab111ty in the local population.

he cause andlgeograph1c extent of the
S, and to determine .whether there was
densities.. rema1ned more constant, we
ice with that for fast ice within 6 nm
storm comparisons for all fast ice
than 1 sea][nm2 (25% to over 100%
near shore was much less. Within 6 nm

of land (sectors Bl- B3Lcomb1ned) tre dens1ty oflsea]s at holes increased

only 6%, from 3.5 to 3.7

sea1s/nm2

A1though the difference was

significant (t=4.763, p<0.001), there was considerable overlap in the 95%
confidence interval of the estimated number of; sea]s (5,017 = 739 vs

5,380 + 767, area = 1, 450 nmz), '

1

We suggested (Frost et al. 1987)r

L

hat if for unavoidable reasons future

surveys must. take p]ace after breaku

p has begun and cracks are widespread,

it might be poss1b1e to utilize tre nearshore port1on of transects for

However, a closer analysis 'of the 1986 data showed

that, although the combined sector. B1-83 dens1t1es of seals at holes were

similar within 6 nm of shore for,
sector densities were !not (Tab]e,

the 2 survey periods, the individual

increased 26% between surveys in sector Bl, and decreased 17% in sector B3.

Although all of our surveys in 1
breakup, we did have replicate surve
week apart.
83% during that period in sector Bl

col]ected under different-ice cond1t
}
We conclude that in order for mean
years, surveys must be‘conducted pr
seals have started to
groups near the fast ice edge. Ins
in early June, while i
until mid-dJdune.

n other years
The best 1nd1cat16ns of whether or not conditions are

987 .dccurredf after : the beginning of
ys in sectors.Bl and B3, flown about a

The dens1ty of seals lat holes within 6 nm of shore increased

, and 1ncreased '52% in sector B3. In

-combination, the f1gures in Table 40 indicate that the :area within 6 nm of
shore is not any more suitable | for inter-annual

: comparisons of. data
ons than is the entire fast ice zone.

ingful comparisons to be made between
or to the onset of breakup and before

move in from other areas and aggregate in large

me years, such as 1987, this may occur
the ice may be su1tab1e for surveys

ncreased. from 0.33:1 to 2.63:1 as the .

nstable ice, : resu1t1ng in the Tlarger.

40). The density of seals at holes

- determined from sate]11te photos| of the 'ice.

suitable are the percentage of seals at cracks relative to total seals,
group size, the presence of numerous cracks, and whether the attached fast
ice in the central Beaufort Sea has begun to crack and break off from the
actual shore fast 1cé If this| |process . is well advanced it can be
| Early 1in the process,
reconnaissance f11ghts at low altitude are necessary

| ‘ !
e |
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Density of seals within 6 nm of. shore in early and mid- June,

Table 40. 3
v 1986-1987,  #F N e

_ B1-B3 combined - B1 ' B3

Year early middle . early middle early middle

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 when ice cond1t1

However,

|
| 84

ons are most suitable for surveys it is

‘also most difficult to determine the location of the fast ice edge. In
"some sectors the prob]em is more acu
is usually well- def1ned

te than others. In.sector Bl, the edge
in sectors ;BZ and B3, it is very

difficult at low altitude to differentiate fast ice from pack ice. We

therefore analyzed our data in sever

- fixed parameter that could be use

transect lines before the surveys,

_ compare favorably with! those for |f

sectors B2 and B3, where d1st1ngu1s
we compared dens1t1es for all fast i
satellite photographs w1th field no

.and 20 nm of shore and for all ice

according to Reimnitz and Kempema (1

al different ways to see if there was a
d to determine ending coordinates of
and which would produce densities that
ast ice .as a:whole. Using data from
ning the ice edge is most problematic,
ce ?edge usually determined by matching
tations) with, those .for ice within 10
within the 20-m depth contour, which,

84) and Stringer (1982), approx1mate1y

delimits the seaward edge of fast:ice (Table 41) According to Reimnitz
and Kempema (1984) there 1is a band| of shoals in: the central and western
Beaufort Sea that Ties: approx1mate1| along the 18- to 20-m depth contour.

These shoals cause pack ice to ground and form a protect1ve zone of ridges

which protects and stabilizes the fast ice. For sea]s at holes and total
seals, dens1ty within the 20-nm conFour most c]ose1y approximates density
on the fast ice (Figure 16). Whereas the 20-m .depth contour correlates
with position of the1 fast ice edge, the 10-nm and 20-nm bounds are
arb1trary and may fall;in very different places relative to the fast ice
edge in different sectors. We therefore suggest that future surveys use
the 20-m depth - contour to delimit [the seaward end of survey lines, and
inter-annual comparisons be made on] for ice within the 20-m contour. By
so doing, a comparable; area is 1nc uded in the data from year to year
Also, this is the area post 11ke1y t be 1mpacted iby human activities.

|

The tota] number-of sea]s within the 20-m depth contour in the Beaufort Sea

was estimated by multipiying the density of seals by the area of all ice

between shore and the 20-m depth cantour. Shallow areas (<3 m) of large
embayments (Harrison and ' Smith ba&s were exc]uded from the analyses
because they freeze to the bottom. ! Ihe estimated numbers of seals at holes
and total seals. w1th1nvthe 20-m depth contour were higher in sectors B2-B4
in 1986 than in 1985, with no over]ap of 95% confidence limits. Although
the 95%

o T e = e e

the density in sector Bl  was ‘gn1f1cant1y Tower in 1986,
‘confidence limits: over]apped cons1de

Comparisons between ear]y June 1986

rably (Table 42)

surveys and 1987 surveys indicate that

substant1a11y more total seals were hau]ed out:on ice within the 20-m

contour in 1987,

out in earlier discussions, the 198
on approximately the same dates, rep
mid-June 1986 surveys in sector B3}

The number of seals at holes was more variable, with more
seals in some sectors and less or1s1m11ar numbers in others

As po1nted
5 and 1987 surveys, although occurring
resented; different ice conditions. The
conducted after breakup had begun, are

more comparable to 1987 surveys. ! Estimates of the numbers of seals for

those surveys are similar to- the 1?&7 estimates:

1986 and 6,700 + 2,200 for 1987.

z
Historical data also 1nd1cate subst

Alaskan Beaufort Sea since 1970 (Bur
Burns et al. 198la; Burns and Ke]]y

{ .
f
i

v;v

; 7,200 + 900 for mid-June
ed seals. Data are available for the

1982, reanalyzed in Frost et al. 1985).

i

antial year- to-year var1ab111ty in theA
occupancy of. nearshore areas by r1n¢
ns and Harbo 1970; Burns and Eley 1978;
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Table 41. Densities (sea]s/nm?) of ringed seals on different portions of

v " the ice in sectorsB2 and B3, 1985:1987. '

: :  Ho1és Total
Year Zone nm. density sd- density 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.

20 nm 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 nm 163 3.93 0.26 4.02 -0.27

- 20 nm 346 3.82 0.18 3.98 0.21
1987 <10m 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
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Figure 16. Densities of ringed [seals in Sectors B2 and B3,
' Lonely to Flaxman Island, 11985-1987..




Table 42. Density and estimated numbers (95% confidence limits) of ringed seals hauled out on ice within
the 20-m depth contour during aerial surveys condUcted in the Beaufort Sea, June 1985-1987.

; nm? within 1985 : 1986 | 1987
Sector ~ 20-m contour density number density number density number

A. Seals at HqTes - T .

Bl ‘ . l,lbO - 2.28  2,100-2,900 - 2.08 - 1,800-2,700 2.98 -2,900-3,700
' (x0.40) | : (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) L - (20.45) : (20.53)

B3 - 800 1.93  1,300-1,800 4.57  3,000-4,300 3.51 . 2,300-3,400
: : (+0.34) (20.79) (+0.68)

B4 . as0 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 Seals 3

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) : - (20.56) . |
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) |
: oo
B1-B3 ‘ 3,700 2.66 8,000-11,700 3.51  11,400-14,500 5.24  15,700-23,100 -

(20.49) (+0.42) : (+1.00)
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During that period, the dens1ty of
Beaufort Sea as a whole, dropped from
low of 1.1 seals/nm2 1n 1977, andrs
seals/nm? by 1986 (Figure 17). The
from 50% below to 40% above the mean
was not included because breakup had

F
|
|
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P
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1
| %
Construction and operat1on of art
industrial activities in our study
obtained for 3 art1f1c1a1 islands: FS
3 years of the survey |(Table 43).
active:. Seal was endaged in dri
Sandpiper were under construct1on1
seals at holes was 204780% Tower wi
2-4 nm away. L

E. Density of seals 1ngre1at1on to

1

’ i
During the 1986 surveys Seal Is]an
winter; Northstar was linactive atl
operation through Apr11, and Sandp1pe
surveyed before break-up on 6 June,
13-16 June. Unlike 1985, densitiesiw
of the islands than they were elseu
were contradictory. Near Northstar
both surveys was s]1ght1y Tower (3 %-
nm away. Near Sandp1per the dens1ty

on one survey, and 10wer on the other.

During winter and spr
inactive. Neither cons
previous years, the isla
There was no consistent
non-operational islands.

|
1

numerous near Northstary

1ng of . 1986
truction nor
nds were surv
difference 1n
Seals were
and differ?d

Interpretat1on of the: data rega
individual islands was eomp11cated
by several factors: sample sizes wer
particularly within 2 nm of the’
usually consisted of 1- 3 minutes (1,6
enough together (part1cu1ar1y Sea]{
4 nm apart) for 1nteract1ve effecta
similar operational status either wi
the data set shown in Tab]e 43 cou]d
of the effect of an artyf1c1a1 island

ra
|

To address the f1rst two of these
distance from any 1s]and in the data
of the 6 comparisons, the dens1ty
within 2 nm of any 1s]and than it wa
data indicated that for the single
density at 0-2 nm was probably an art!
to the minute survey 1hterva] Alt

"
.

88

ringed sea]s on the fast ice of the
a high of 3.3 seals/nm2 in 1975, to a
ubsequently steadily increased to 3.5
density in any particular year randed
density for 8 years of surveys (1987
already begun).

industrial activities
ificial - islands were the principal
area during 1985-1987. Data were
eal, Northstar, and Sandpiper, for all
In 1985, all 3 of the islands were
11ing operations “and Northstar and
For all comparisons, the density of
thin 2 nm of :the islands than it was

N '

d was inactive and had been so all
the time of isurvey but had been in
r was currently active. The area was
and after break-up had commenced on.
ere not consistently lower within 2 nm
here; results for rindividual islands
(active untili April) the density for
5%) within 2 nm of the island than 2-4
was higher within 2 nm of the island

.87, all 3 artificial dislands were
dr1111ng operat1ons occurred. As in
eyed tw1ce ini 1987, on 6 and 11 June.

seal dens1ty with d1stance from the 3
more numerous near, Seal Island, less
between the 2 surveys at Sandp1per.

ing differences in density around
and the utility of such data 1imited,
e small: (17-80 nm2 total per survey),
isflands where the sample for a survey
nm?) of data; the islands were close
and Northstar  islands which were only
to occur, and:not all islands were in
thin or !between years. Consequently,
not be: treated as .18 replicate tests
on seal dens1ty

prob]ems we determ1ned the minimum
set from each| 'survey (Table 44). In 5
of sea]s at ho]es was 12%-72% Tlower
s 2-4 nm away. Inspect1on of the raw

exception (Survey 86-1) the higher
ifact of the way position was assigned
nough the dens1ty of seals was lower

|
|

1
E
|
| |
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Dehsity-of ringed seals (total seals/nmZ) 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 of ringed sealls at holes in relation to distance .
from 3_artifﬁcia1 is]anqs in the_Beaufqrt Sea, June 1985-1987,
! i
1985 | R - N
: : . Distance from any island (nm)
IsTand Survey © 0-2 - 284 46 | 6-8 8-10
\ ; . g i :
Seal | 85-1 | 0.7 . 1l2 1.1 1.7 1.3
' 85-2 - 1119 1.0 3.3 2.2
Co ! | : g :
Northstar 85-1 | 0.8 1.6 2.2 | 1.4 0.9
. - 85-2 ¢ 0.8 110 5.8 | ‘1.5 1.5
- : b | P ,
Sandpiper 85-1 1 0.6 ?3.1 1.0 | 1.0 1.1
- _ 85-2 i 2.6 414 . 1.8 | 1.9 1.6
. | N §
|
- % |
1986 S i | : O .
; Distance from any island (nm)
Istand Survey | 0-2 214 46 | 6-8 8-10-
Seal 86-1 | 6.1 5.8 4.6 | 2.3 5.1
: 86-2 L= i4 6 6.5 : 5.0 5.6
Northstar 86-1 | 5.0 . 5|2 6.8 | 4.2 2.1
' - 86-2 . 5.0 519 5.7 8.8 5.3
Sandpiper . 86-1 8.3 - 33 6.5 | 3.2 3.6
86-2 + 5.2 6.2 6.8 | 9.1 9.1
AR |
1987 S o
o Distance from any island (nm) '
~Island Survey 0-2 3«4 4-6 | 6-8 8-10
— : ; — ; —
- Seal - 87-1 - 1 2.9 | 2.7 5.5
S 87-2 14.4 f 5 10.4 5.9 4.8
Northstar = 87-1 | 1.1 . 3.3 5.6 | 4.1 5.2
| 87-2 3.8 8.4 14.2 | 6.3 6.1
Sandpiper 87-1 7.1 716 2.2 | 4.2 3.9
o 87-2 6.8 5.5 6.6 | 5.2 11.9
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Table 44. The density of ringed seals at holes in relation to distance .
from any of 3 artificial»islandsiin the Beaufort Sea, June

.

1985-1987, ' # '

Distance from any island (nm)

Csurvey < om0 24 376 5-3 8-10
85-1 103 0.7 2.5 1.0 1.8 1.
85-2 67 1.5 3.2 2.0 1.9° 1.
86-1 34 6.5 3.9 6.6 2.0 3.
86-2 75 5.1 6.3 5.4, 11.4 6.
87-1 45 4.7 6.7 2.4 4.1 4.
87-2 50 7.1 8.1 9.5 5.8 5.
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near the 1s]ands in both 1985 when
none were active, the magn1tude of:
activity (50%-70%) than in its absen

A block comparison of ]ndustr1algan<
for all 3 years. In 1985, industr;
jce roads, and islands, was widespr
approximately 60 nm across. In 1986,.
artificial islands and assoc1ated’w

block which was only | 16 nm across.

offshore industrial act1v1ty, howete
1986 industrial and contro] b]ocks'f

In both 1985 and 1986 the dens1ty '0
in the industrial block than in the
1n the - absence of any offshore}
“industrial" block was! also higher
some characteristics other than the
responsible for the d1fference ;
t
Annual and lonig-term var1ab111ty 1r
ringed seals make it necessary to cc
- surveys of areas in whhch sma]]erts
example, the density of ringed seal
B2 and B3) decreased in the mid- to
in the mid-1980's. Th1s could be

92

all islands were active and 1987 when
the difference was much greater during
e (12%-30%). !

1 adjacent control areas was also done
al act1v1ty,|1nc1ud1ng seismic lines,
ead, resulting in an industrial block

the on]y obvious activities were the
ce roads, resu1t1ng in an industrial
- During 1987 surveys there was no
r, data were analyzed according to the
or comparative purposes.

. l
f total seals:was significantly higher
control blocks (Figure 18). In 1987,
industrial activity, density in the
than either icontrol, suggesting that
presence or :absence of activity were

the occupancy of nearshore areas by
nduct regu1ar and relatively extensive
cale comparisons are to be made. For
s in the centra] Beaufort Sea (sectors
late 1970's and subsequent]y increased
attributed to changes in industrial

activity, which 1ntens1f1ed in the late 1970° s| and early 1980's, then

gradually decreased. However, the|
experienced little or no se1sm1cio

same fluctuations in dens1ty during this time period.

major decline in dens1ty which occur
1977 also occurred in the Canad1anlB

western Beaufort Sea (sector Bl), which
r other 1ndustry activity, showed the
Furthermore, the
red in the study area between 1975 and
aufort Sea (St1r11ng et al. 198la).

While aerial surveys are useful in mon1tor1ng ]ong -term trends in abundance

over -large areas, they are noti

differences in- geograph1ca11y restricted areas.

well-suited to detecting small-scale
In this study, aerial

survey data indicated a possible local effect of artificial islands on the

density of ringed seals. However,
fact that the minimum s1ght1ng un1t
of shorefast. ice, which may both
distances from the 3 1s]ands, and |t
sometimes varied by = r nm. In anal
the greatest difficulties were |i
industrial activity and‘1n designati

interpretation was complicated by the
vas 1 minute or 2 nm; land and the edge
affect seal dens1t1es, were variable
he precision. of navigational equipment
yses of ‘industrial and control blocks,
N obta1n1ng an accurate measure of
g comparable contro] blocks. There is

considerable east-west | var1ab111ty}1n the Beaufort Sea in ice topography,

extent of shorefast 1oe, and bathy
were not necessarily comparab]e s1m

indicated by higher densities in the

,_1ndustr1a1 act1v1ty j
|
~In aggregate, analyses
emphasize the importanc
hand. Qur data

of h1stor

1nd1Fate that i

metry. Control and industrial blocks
p]y because they were adjacent, as is
1ndustr1a1" blocks with or without

!

ical and recent aerial survey data

e of match1ng research technique to the question at

n 1985-1986 ithere' were no apparent

broad-scale effects of:industria]_activity on the density of ringed seals

|
i
I
|
i
1
i
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F1gure 18, ”;Sea1 dens1ty (total Sea]s/nm ) in 1ndustr1a1 and control
blocks 1n the Centra] Beaufort Sea, 1985- 1987 :
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' as’measured by aerial surveys Bhrns and Frost! (1988) reached the same
conclusion for aerial isurveys conducted in 1981-1982 in areas with and

without on-ice seismic' exploration,
surveys are not wellisuited to |

detecting

but they also concluded that aerial
small-scale differences in

geographically restricted areas. The aerial survey data do not eliminate
the possibility of 1oca1 effects wh1(h would be more appropriately detected
by other techniques, or the poss1b111ty that reg1ona1 effects could occur

at different levels of 'industrial activity.

during peak years of industrial act
not have sampling effort or des1gn
differences between re1at1ve1y smatl
"Burns and  Kelly (1982)
significant difference :in densities
rate of alteration or refreezing of
of seismic lines was approx1mate1y
than 150 m. Kelly et al. (1986, in’

- studies which indicated that ringed seals do respond to anthropogenic

disturbance. Burns and Frost (19

found that

Most' aerial surveys conducted
ivity in the central Beaufort Sea did
suitable for! statistical analyses of
areas. . By conduct1ng_on ice studies,

a]though aerial surveys showed no
along seismic and control lines, the
lairs and breathing holes within 150 m
double the rate at distances greater
press) also reported results of on-ice

?8) found that seal structures were

abandoned at 3 times the rate in disturbed areas (31% of all structures) as

they were . in areas free
structures). ; g

k‘ ’
F. Implications of survey resu]tﬁ
Analyses of 1985- 1987' survey dat
potent1a1

concern regard1ng methodb

of huTan -caused disturbance (10% of all

0 monitoringvbrogrdm

have - 1dent1f1ed several areas of

logy for aerial

-changes in the d1str1but1on and abwndance of r1nged sea]s

1. - Compar1sons of exper1enced and
novice observers see significa
observers. Survey personne]r

"ringed seals and :classify 1ce
observers. Training should!

ntly fewer seals than do experienced
ust be adequate]y trained to count
conditons béfore serving as pr1mary
include: flying as back-up for "an

- experienced observer until comparable counts are repeated]y obtained

in a variety of survey conditions.

2. Surveys flown at 500 ft res
‘ significantly lower than those
at 300 ft. We recommend that
When surveys that}were conducte
~densities -must first be corre
Densities of seals;at holes for
by 1.32 to make them equ1va1en
seals at cracks were not s1g

ult in density estimates which are
for surveys of the same area conducted
all surveys ibe conducted at 300 ft.
d at different altitudes are compared,
cted to make: the results comparable.
surveys at 500 ft should be multiplied
t to surveys at 300 ft. Estimates of
nificantly different, perhaps because

seals aggregated a]ong linear [features are easier to see, and need not

be corrected. ‘

3. Surveys within the same sec
: conducted under -similar 1ce*
Although calendar date provides

tor or »geogﬁaphic region

should be
conditions within and between years.
a rough; gu1de11ne for assur1ng similar

conditions, there\1s considerable annua1 var1ab111ty in the onset of

breakup. Counts of seals oﬁ
begins are likely to include la
and should not be considered

|

fast ice that are made after breakup
rge influxes of seals from other areas,
representat1ve of "the overw1nter1ng,

!
|
I
|
|

surveys to monitor.

1nexper1enced observers indicate that




resident populatidn.&ﬁ]faq;ors such ~as.; the amount of cracking, the
distribution of seals*relative to the edge, and the abundance of seals
- at cracks must be used to interpret data and assess whether or not

significant changes in seal distribution have begun to occur.

4. In the Chukchi Sea, survey lines should extend from shore to 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 extend

from shore to the 20-m contour Tine, which coincides approximately

~ With the edge of fast ice.. In large, very shallow embayments such as

- Smith- Bay and Harrison Bay, transect lines should begin at the 3-m
depth curve. :

VII. Recommendations For Future Studies
A.  Future aerial monitoking 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 during 1985-1987 have allowed a substantial refinement of
survey protocol and have provided a large amount of "baseline" data on
ringed seal distribution and abundance during May and June. During

1985-1987 o0il 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. '

A]though it is impossible to accurately predict the probable iimihg 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 incorpqrate 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; , o .

3. survey cové}agevshould'extend from shore to the 20-m depth contbur in
the Beaufort Sea, and from shore to the fast ice edge in the Chukchi
- Sea.. - , .

‘B. Effects of disturbance on ringed seals

Aerial surveys provide the best means to look at 1arge-sca1e 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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ringed seals are to be assessed.
distribution (using trained dogs to
behavior (using telemetry) near re

disturbance, such as artificial isla
1lines, and ice roads on ajr strips%

i
i

"~ 96

i
1
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‘required if the poss1b1e magn1tude and significance of d1sturbance on

Such studies should examine fine-scale

locate .lairs: and breathing holes) and

alistic and_nepresentative sources of

nds, active drilling rigs, seismic shot
: |

C. Factors affectingiringed sea]%hbundance

|

It is clear from this and other stud1es that the dens1ty of seals during

the spring haul-out period varies geographically and temporally.
~ these variations are poorly known,

Causes of
but both physical factors (e.g., ice

characteristics, weather and oceanography) and biological processes (e.g.,
food availability,. predat1on, and terr1tor1a11ty) are likely to' be

involved. Research into all possi
seal distribution and iabundance is

ble factors that could control ringed
needed :in order to understand natural

variability, and to better 1nterpret results of the monitoring program.

D. Other aspects of r1nged seal d1

Alaska, but there is |very little

abundance except for lon the shorefast ice in!spring.
supplemented previously available -data on abundance of ringed seals in the
flaw zone and nearshore areas of}pack ice dur1ng May-June.

stribution i

Ringed seals are w1de1y d1str1buted year round in Waters of northern

information on the1r distribution and
This study has

Substantial

numbers of seals 1nhab1t these aneas, and their interaction with seal

density on the fast ice during brea
study. In order to produce a va]

kup is s1gn1f1cant and warrants further
id estimate. of the total size of the

r1nged seal popu]at1on off Alaska, more information is needed on densities

in the offshore pack ice. Ringed

seal distribution and abundance during

the open-water season should be investigated in order to evaluate important

‘habitats and processes, and potenti
during July-November. |

]

3] effects oinCS activities that occur
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