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I.  Summary

During winter
in Alaska occur al
ice. Fast ice al
which various phas

K - g, a : .
BRGNS b A T

and spring, .the highest densities of breeding ringed seals
ong the coasts of the Chukchi and Beaufort seas in shorefast
so provides a reasonably safe and convenient platform on
es of petroleum exploration or other human activities can be

conducted. In response to concerns .and preliminary indications that on-ice

activity might af
OQuter Continental

beginning in 1981,

fect the distribution and abundance of ringed seals, the
Shelf Environmental Assessment Program funded th1s study,
to examine and quantify potent1a1 impacts.

Aerial surveys were conducted in the central Beaufort Sea in 1981 and
1982 as part of a jstudy to determine the effects of on-ice seismic exploratory
activity on the distribution of ringed seals. Results of line-by-line and
block'comparisons[for'both years were ambiguous, but generally indicated no
overall difference in density of ringed seals in seismic and in adjacent

~.control areas. However, aerial surveys were not well-suited to detecting
-small-scale differences in geographically restricted areas, and consequently

were not,_ by themselves, adequate for examining the possib]e effects of :
1ndustr1a1 activity. - : : v :

To complement ‘the aer1a] surveys, on-ice surveys were conducted in the
Beaufort Sea in 1982 in seismic and control areas .in order to determine the
fate of subnivean|structures made by ringed seals. Trained dogs were used to
search 295 linear !km of seismic and control 1ines, along which they found 157
structures. Resths of the searches indicated that there was no significant
difference in abandonment for structures located within or beyond 150 m of
seismic or control lines. A comparison of the fates of structures in relation
to times when seismic lines were vibrated suggested that disturbance from the .
seismic v1brose1s}equ1pment per se had no different effect than the aggregate
effects of heavyiequ1pment and other noise. - Investigator activity was not
indicated as a major source of disturbance in the Beaufort Sea studies since’
87% of both structures that were opened by investigators and those that were
only- probed and re-examined at a Tater date remained open. For the Beaufort
Sea sample as a who]e, 11% of all structures were found to be abandoned when
they were first detected by dogs and examined.

Following the 1982 stud1es of r1nged seal structures in areas of intense
industrial act1v1ty, we conducted more general, coast-wide studies in
1983-1984 to-. examine regional .differences in abundance, and . types of seal

“structures; predat1on, natural: rates of abandonment of structures; and

characteristics of structures and the ice in which they were found. During
these studies, the dogs searched 82 linear km along 22 lines in a coast survey
extending from Norton Sound to Peard Bay, 64 km2 in 7 grids in southern
Kotzebue Sound anH near Cape Lisburne, and 35 linear km along 12 lines on the
pack 1ice near Cape Lisburne. They located .a : total of 660 seal-made
structures, . cons1st1ng of breathing holes and s1mp1e, complex, and pupping
lairs.

Data were analyzed to assess potent1a] biases in the number and kinds of

. structures detected by the 2 dogs and the effects of wind on their success.

The dogs were found to be comparable in the maximum and mean distances at
which they found| structures, in the number of structures found per 1linear

- kilometer, and in the types of structures they located. Neither the angle of




} i
o
{ i
| i

| _y
the w1nd relative to the>search 11net
to affect the dogs' performance. Mul

grids
structures within 200 m of a line on

!
{

i
3
I
|
t

nor w1nd;speed (from 0-45 km/hr) appeared
tiple searches of the same lines within

indicated that the dogs found approximately 60%-70% of the total

|the first search. This suggests that a

correction factor must. be used if compar1sons are to be made between densities
of seal structures basedlon single. searches of lines and those from multiple

or grid searches. 1

[

£ : S ’
The compos1t1on of 794 1dent1f1ed structures found during 1982-1984 was

40% breathing ho]es, 39% simple 1lai
Tlairs.

in 1982, 64% in Kotzebue Sound in 19

Only 39% of the structures in pack ice

The highest dens1ty‘of seal stru

s, 10%  complex lairs, and 10% pupping

On fast ice, lairs made up . 5t% of all structures in the Beaufort Sea

83, and '75% near Cape Lisburne in 1984
were lairs. : .

fast ice east of Cape L1sburne, where the dogs located an average of 8.6

- structures/km?. The density in sout

7.2/km2,

Corrected va]ues from 11ne

hern Kotzebue. Sound was somewhat lower,
searches, which take into account our

findings that the dogs found approx1mate1y 65% of total structures on a single

search of a line, indicated high den

sities of structures on fast ice of the

northern Bering Sea (12\8/km2) and Peard Bay! (18.2/km2), and on pack ice off

Cape Lisburne (10.0/km2).
in the Beaufort Sea (3. 6/km2)

The best pupp1ng habltat along
density of pupping 1a1rs‘1n our study
the central Chukchi Sea,| east of Cape|.
all structures and occurred at a de
Beaufort Sea, where only 7% of a11

- The lowest

structure densities in Alaska occurred

the Alaska coast, as indicated by the
areas in 1982-84, was on the fast ice of
Lisburne. Pupping lairs made up 18% of
nsity. of 1.6/km2. This compares to the
structures were pupping lairs, with a

density of 0.3/km2, and}southern Kotzebue Sound where 11% of the structures

were pupping lairs, occurr1ng at a density of 0.8/km2.

“lairs on fast ice near»Cape Lisburn
structures reported by Sm1th and St1

twice the reported dens1ty of pupp1ng 1a1rs

et al. 1978)

) Measurements were obta1ned from

~Chukchi and Beaufort seas. Bre
significantly smaller (mban diameter
of lairs (43-52 cm).
(mean diameter = 20" cm) than those
lairs were the sma]]est\of the 1a1r
fast dice and 139 cm |in pack ice
intermediate in size (mean length =

- all (mean length = 277. cm) Within|A

size of lairs. By compar1son, lai

1arqer, possibly because of the large

. Predator act1v1ty by polar bear
region, from a low in; ‘Kotzebue Sou
structures and entered 5% of all 1a1
Lisburne where arctic !foxes and |p
structures and entered 37% of 1a1rs
opened more lairs, and k111ed more pu

|

!.

. The density of pupping
e was higher than the total density of
rling (1975) for Amundsen Gulf and over
in the eastern Arctlc (Smith

577 structures located on fast ice of the
athing ‘holes in the fast ice were
= 31 cm) than-access holes into all types

Breathing ho]es in pack ice were significantly smaller

in fast ice. Single-chambered, simple
types, with a mean length of 160 cm in
. Multi-chambered, complex lairs were
235 cm) and pupping lairs were largest of
laska, there was no apparent trend in the
rs in Amundsen Gulf were significantly
r average size of the seals in that area.

s and arctic foxes var1ed by geographic
nd where arctic foxes marked 3%
rs, to a high on the fast ice near Cape
plar bears. combined. marked 47% of all
Overall, foxes marked more siructures,
ps than\d1d po]ar bears.

cturesvwithin'our'study grids was on the

of all
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H . .
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: Pups were k111ed at 7%4 of*a]] pupp1ngw]a1rs on fast ice in southeastern
Kotzebue Sound compared to 30% of all pupping lairs on fast ice of the central

‘Chukchi and Beaufort seas. The actual rate of predation ranged from a Tow of

0.04 kills/km? in southern Kotzebue Sound to a high of 0.43 kills/km? on fast
1ce near Cape L1sburne. - _
i
Predators wene apparently able- to d1st1ngu1sh between structure types
since pupping 1a1rs made up 7%-18% of all structures on. fast ice in our

. studies but accounted for 20%-43% of all predation attempts. Virtually all

pups were killed pt pupping lairs. Less. than 3% of predation attempts at
non-pupping structures resulted in k111s, compared . to 47%-100% at pupping
lairs. : : '

In our stud1és, some of the structures we found had been abandoned by
seals (the accessihole was completely frozen). The rate of abandonment was
lowest (6%) in areas without much predator activity and where industrial
activity did not!occur. In areas with industrial activity, the rate of
abandonment was 11%, almost double that in undisturbed areas. The greatest
abandonment was caused by predators. For structures opened and/or entered by
arctic foxes or po]ar bears, abandonment was 29%, or about 5 times that in
undisturbed areas with no predation. Depending on the study methods,
investigator examinations caused 1ittle or no additional abandonment (13%
abandonment on revisits compared to 11% on first visits in the Beaufort Sea-in
1982), or abandonment approaching that caused by  predators (22% on Cape

Lisburne grids and parts of one Kotzebue Sound grid).

S1xty—s1x r1nged seals were collected from nearshore leads and pack ice

'_1n Norton Sound and near Cape Lisburne to compare age, size, reproductive

parameters, and diet of "coastal" and "offshore" seals. Seals collected from
Norton Sound were [significantly longer, heavier, and older than those from the
Cape Lisburne area, and many more were sexually mature (60% vs. 28%). There
were no s1gn1f1cant differences in any of these parameters for seals collected
from coastal leads compared to those from pack ice, either within reg1ons, or
for both regions comb1ned '

»Between-reg1on differences in diet were also greater than the differences
between lead system and pack ice seals. In Norton Sound, invertebrates made
up 41% of the total volume of stomach contents, compared to 94% near Cape
Lisburne. Norton Sound seals had eaten mostly shrimps and arctic cod
(Boreogadus saida). Pandalus hyps1notus was the major shrimp species in
coastal samples jand Pandalus goniurus in pack ice samples. Near Cape
Lisburne, seals also had eaten mostly shrimps and lesser amounts of other
invertebrates and fishes. Stomachs of -seals collected in nearshore leads

~contained mostly Pandalus goniurus and sculpins. Pack ice seals had eaten the

shrimps P. goniurus and Eualus ga1mard11, and 1esser amounts of mys1ds, arctic
cod, and prick]ebacks

II,"Introduction and Background

Ringed seals), Phoca hispida, are a widespread, circumpolar species which,
in waters adjacent to ‘ATaska, occur in the Beaufort, Chukchi, and Ber1ng seas.
They are the most abundant of the phocid seals found in seasonally ice-covered
seas of northern h]aska _
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0f the northern ph0L1dS, r1nged
thick pack ice and landfast ice (McUa
Alaskan waters, ringed sea]s are the

under the extensive, unbroken fast icge (Burns 1970).

their foreflippers, they make breathin

seals are the best adapted to life 1in
ren 1958; Smith and Stirling 1975) In
only species that normally lives in. and
Using strong claws on
g holes in newly formed ice and maintain

these ho]es as the ice thickens (Smith and St1r]1ng 1975; Smith and Hammill

1981). :

deformed, and accumulates an 1ncreas1ng]y thicker snow cover.
" holes are enlarged to provide access to the

excavate snow lairs (Sm1th and St1r11n
cavities (simple 1a1rs),
- cavities with 1 or more sma]] tunnels
latter are usua]]y complex lairs in
tunnelling is done by [the pup.

Compared to other p1nn1peds, ringed sea1s are small.

65 cm long and weigh 4- 5 kg (McLaren

4- to 6-week nursing pew1od pups we igh 9-12 kg (Tikhomirov 1968).

During the course of a frieezing

multi-chambered

- i1Subnivean
b1rth1ng, and caring for{the s1ng1e pup.

ice thickens, becomes
Some breathing
jce surface .on which seals

'season,

g 1975).
cavities (complex lairs), and
radiating from the main chamber(s). The
hich a pup was born or cared for; the
lairs are used for resting,

Neonates average
At the end of the
Growth

958; Fedoseev' 1975).

continues through the finst 8-10 yeays, at which time seals have reached about

96% of their final length

than those in eastern Canada Mean

Ringed seals in Alaskan waters are much smaller

tandard length of seals older than 10

years collected in the Ber1ng, Chukchi, and Beaufort seas was 114.6 cm and

mean weight was 49 kg (Frost and Lowr
Canadian seals were 128. 2 cm and 62 k
slightly longer than fema]es
to seasona1 changes in b]ubber thickn

Most ringed seals become sexual]
males (and perhaps females) begin to
as February. Females give birth to
March and mid-April.
and Stirling (1975), Luk1n and Potel
Kelly (1982). Pups are born with a;d

1981). Corresponding measurements for
(McLaren 1958). Males are, on average,

we1ght and girth vary throughout the year due

ss (McLaren 1958; Johnson et al. 1966).

y mature at 5-7 years of age. Mature
estab]wsh breeding territories as early
a pup in a subnivean lair between late

B1rth Tlairs have been described by McLaren (1958), Smith

ov (1978), Lukin (1980), and Burns "and
ense, white-hair covering called lanugo.

Mating occurs at and immediately after the time when pups are weaned, usually

during. late April and /May. Most]
frequency of successfu][ pregnancy ih
(Stirling et al. 1977; Sm1th and St
The period of pregnancw, .including!
lasts until
unpubl.) Based on s1ght1ngs of smal
some births occur on exposed ice f10e<
for excavat1ng lairs. Such pups are
seen in more optimum hab1tat at the
that most such instances involve youn

females mate every year, although the
as shown considerable annual variation
irling 1978; Burns and Frost, unpubl.).

a period of delayed implantation which

Tate August or early peptember, is about 10.5 months (Burns,

1, wh1te coated pups in the Bering Sea,
where snow accumulation is insufficient
usually considerably smaller than those
same time of year. It is hypothesized
g, inexperienced females that are unable

to successfully compete with older an1ma1s for more optimum habitat in which

to bear pups (McLaren 1958). Subadu]
optimum pupping and breed1ng hab1tat

~ Some 1nvest1gators Lre of the op
and pack ice may represent d1fferent

1983

.smaller than those near the coast: (McLaren 1958; Fedoseev 1975).

some extent, be exp1a1ned by .diffen

t an1mals may a]so be excluded from the
McLaren' 1958)

ecomorphs (Fedoseev 1975; Finley et al.

It is well documented that . r1nged seals in offshore waters tend to be

This can, to
ences in age structure (i.e., smaller,

}

|
!
4
l

Lairs include s1ngle chambered .

inion that ringed sea]s of the fast ice
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immature seals’ o~curr1ng'“pr1mar11y inzspack.: nce) Finley et al. (1983),

working in Baffin|Bay, found a breeding “popu1at1on" of ringed seals occupying
the pack ice. Trese offshore seals were genera]]y smaller and less robust
than seals occupy1ng landfast ice. Such-size differences may be due to
differences " in the length of nurs1ng periods, with optimum conditions
occurr1ng on the more stable, landfast ice (McLaren 1958)

After the end of lactation and mat1ng, seals haul out to molt near
en]arged breath1ng holes, co]]apsed lairs, along cracks, and around larger

“holes in the detér1orat1ng ice sheet. At this time of the year (May-July)
- they spend long per1ods of time basking, especially on relatively calm, warm

days (Burns and Harbo 1972; Finley 1979; Smith and Hammill 1981) During th1s

period, a large portion of the popu]at1on is visible on the ice and can be

counted by meansfof aerial surveys. Such surveys, which have been conducted
over much .of the ringed seal's range, have documented substantial regional and
annual var1at1onsf1n abundance (Burns and Harbo 1972; Smith 1975; Stirling et
al. 1977; Frost et al. 1985, 1987). Highest dens1t1es have been found on
stable shorefastl1ce along complex coastlines, with intermediate densities on
shorefast ice along simple coastlines, and lower densities on offshore pack

~ice (Smith 1973, {1975; Burns and Eley 1978; Frost et al. 1985, 1987). 1In the.

Alaskan Beaufort Sea, highest densities of seals have been found on ice with
40% or less deformation (Burns and Kelly 1982; Frost et al. 1985, 1987). -

Factors 1nf1uenc1ng local and regional abundance of ringed seals are

" poorly known. In some areas, seasonal movements of seals may be primarily

onshore- offshore} which results in an increased abundance in coastal waters

~ during the openjwater period (McLaren 1958; Finley et al. 1983). A]though

some investigators consider.them to be non-migratory, most r1nged seals in the
Bering Sea make 1ong, annual movements northward to summer in the pack ice of
the Chukchi and Beaufort seas (Frost and Lowry 1981). - Patterns of

distribution, espec1a11y during summer, may most likely be influenced by

distribution anq movements of prey (Lowry et al. 1980). Densities during
winter and spring may be influenced by a combination of ice conditions and
prey ava11ab111ty (Stirling et al. '1977; Smith and Hammill 1981). Long-term
variations in abundance may result from the interaction of a variety of
factors, 1nc1ud1ng jce conditions, food availability, predation, and hunting
(Smith 1975; St1r11ng et al. 1977; Smith 1980). In Mlaska, ringed seals are
harvested in ‘greater numbers. than any other seal ‘species by subsistence-

"oriented'coastal residents 1iving from Kuskokwim Bay to Barter Island (ADF&G,
‘unpubl.). T : o ,

Since the highest densities of breeding ringed seals occur in. fast ice
areas, this type of habitat is very 1mportant to the population. In the
northern Chukchi| and Beaufort seas, fast ice also provides a reasonably safe,
convenient, and| efficient platform -on. which certain phases of petroleum
exploration canjbe conducted. In the Beaufort Sea, seismic exp]oration has

~been conducted during late winter-spring since the late 1960's to identify

areas most likely to have. large sub-surface petroleum reserves. Energy
sources ut111zed to generate seismic waves necessary for recording subsurface
geo1og1ca1 prof11es have included buried explosive charges during the late
1960's and ear]y 1970's; air guns in the mid- and late 1970's; and a vibroseis
technique in the 1980's. During late winter when fast. ice becomes thick and
stable enough to support heavy equipment and allow extensive mob111ty, a |
variety of machlnery is deployed. Main ice roads, connecting roads, seismic
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shot lines, ice runways (for aircraft), and temporary camp sites are prepared.
Each self-contained crew and its equipment moves over the fast ice, eventually
covering as much of the area of interest as possible. The act1v1t1es of such
a crew in a given area may last for more than a week. Operations of seismic
crews are constrained by ice topography They ma1n1y operate in regions of
relatively flat ice or | where the |surface re11ef is neither too high nor
deformat1on too extensive in areal coverage. '

) i : .
The first 1nd1cat1%ns that on-ice activity might have affected the
distribution of .ringed Esea]s occurred in Norton Sound during the middle
1960's. In 2 consecutive years, an intensive shallow-core dr1111ng program to
locate marine deposits of placer go]d was undertaken from fast ice between
Sledge Island and Cape?Nome Subs1stence hunting for ringed seals during
winter by Native 1nhab1tants of Nome was, during that time, still of major
importance to the local economy. |[Many Nome hunters consistently reported

declines 1in the ava11ab111ty of | ringed seals - in the .-area subject to

exp1orat1on, both dur1ngland continuing after the activities ceased, until the .

ice began to deter1orate and migrating seals moved in. No studies of this
potential disturbance were undertaken at that t1me

~ The first extensive aerial surveys of r1nged seals in fast -ice areas of
the northern Chukchi and Beaufort seas were made between 8 and 15 June 1970
(Burns and Harbo 1972). | These surveys were not designed to test differences
in seal density, if any, between& areas subjected to seismic exploratory
activity and adjacent areas in which such exp]orat1on did not occur. However,
a general test was made after theffact by comparing 2 adjacent blocks, one
that included . ice roads and seismjc shot, 1ines and one that did not.
Structure of the .aerial surveys and §1ze of the areas compared were considered
1nad§quate, and results of the compar1sons were 1nconc1us1ve (Burns and Harbo
1972 .

mainly to investigate ithe magn1tud of annual variation in ringed seal
abundance along the north coast. No pecific, tests of the possible effects of
seismic exploration were}1nc1uded 1n he survey des1gn as the objective was an
~ extensive, broad-scale assessment of abundance ~rather than intensive
comparisons among: relatively small a eas. However, a substantial increase in
on-ice seismic activity had occurr d since 1970, and perm1tt1ng agencies
" requested that the data be used to co pare ringed sea] densities in areas with
and without extensive seismic exploratory activity. - The 1975-77 survey data
indicated a consistently lower density of seals in areas where seismic
exploratory activity had occurred. | Magnitude of the differences ranged from
22% to 88A, w1th a combined average difference for 3 years of 51%.
' E . P
In 1981, at the urg1ng of many| interested parties, the Outer Continental
~ Shelf Environmental Assessment Program initiated and funded more rigorous
studies to verify and‘ quantify the perceived impacts of on-ice seismic
exploration on the d1strnbut1on and jabundance. of ringed seals. Aerial surveys
he
v

| L ' .
Extensive aerial surveys werei }gain undertaken 1n June 1975 to 1977,

of ringed seals on the fast ice of t Beaufort Sea were conducted during June
1981 and 1982 to compare the observed densities of seals in areas with and
without on-ice seismic exp]orat1on Results of those surveys were reported in
Burns et al. (1981); Burns and Kelly (1982); Frost et al. (1985); Frost and
Lowry (1988), and Kelly et a] (1988) and will be summarized in this report.
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The effects of seismiczactivity on .ringed.seals were also investigated by
monitoring the use, by seals, of breathing ‘holes and lairs in industrially
jmpacted areas. jSuch structures are beneath the snow and not visible.
However, hunting dogs can be trained to locate seal holes and lairs (Smith and
Stirling 1975; Lu%in and Potelov 1978). 1In 1982, we used trained dogs to
investigate the effect of on-ice seismic exploration on the alteration and

abandonment of seal-made structures. Results have been reported in Burns and

‘Kelly (1982) and ﬁe]]y et al. (1988). , y

Beginning 1n§1983, as a follow-up to the 1982 study of ringed seals in
seismic areas, wel initiated a broader study of various aspects of the winter
ecology of ringed seals in the Bering, Chukchi, and Beaufort. seas. Trained
dogs were used to detect breathing  holes and lairs of ringed seals in
different regionsfand habitats along the Alaska coast in order to describe
structure characteristics, the density and proportion of structures in
different habitaté, predation, and rates of abandonment of structures in areas

with and without disturbance by humans. This final report covers the results

rqf those studies.

é
I11. Objectives |
i

Dogs were‘trbined to detect seai-made.structﬁres in 1981. In 1982,‘this"

- study focused on evaluating the possible effects of on-ice seismic exploration
- on distribution, jdensity, and fate of structures made by ringed seals in the

central Beanort; Sea. In 1983, emphasis shifted to the identification of
geographical areas of the shorefast ice which are important as pupping

“habitat, and to{description of the characteristics of those areas and the

subnivean: structures found in them. In 1984, studies of subnivean structures
on the shorefast|ice were continued. In addition, research was expanded to
include an- investigation of the characteristics of seals and seal structures
in the drifting pack ice. Principal objectives were as follows:

1981-1982

1. To train dogs to detect sea]vﬁo1es and lairs and test the efficiency with

which structures can be located. .

2. To determine relative abundance and distribution of ringed seals
inhabiting the fast ice in the nearshore central Beaufort Sea region, as

determined by presence'of_seal holes and lairs.

3. " To determing effects, if any, of on-ice seismic exploratory activity on

' distribution and density of ringed seals, as jndicated by continued use
of subniveab structures at various distances from seismic .Tines and as
indicated by aerial surveys conducted in May-dune. .

4. To investijate the relationship of seal density and type of seal-made
‘subnivean structure with ice characteristics. T L

5. To integrate results of objectives 1-4 as a basis for formulation of

' recommendatjions. . - :
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1. To determine geograph1c areas jimportant as whelping habitat for ringed

seals, based on preliminary su
pre-selected. areas along the Berli
Sound to near Po1nt Barrow

2. To determine the ‘dens1t1es an
.subnivean structures, especially

rveys of subnivean seal structures in
ing and'Chukchi sea coasts, from Norton

d proport1ons of different. kinds of
pupping.lairs, in 2 or 3 regions of high

seal abundance as indicated dur1rg the pre11m1nary surveys.

3. To determ1ne ‘the phys1ca1
characteristics of
dens1t1es

parai

1984

—
.

“To compare age, reproduct1ve *c
food habits of r1nged seals

northern Ber1ng and central Chukchi seas.

2. To compare re]at1ve abundance),
structures in the dr1ft1ng pack
central Chukchi Sea‘, :

| » 1

3. To determ1ne, through aerial kt

- ringed seals asso€1ated ‘with !a
located within measured grids on

4. To determine, through aerial suw
ringed seals in fast ice areas, |
possible, in se]ected areas of d

5. To prepare and subm1t a finally
1982 to 1984. »

- |

IV. Study Area -

Studies during 198ﬂ 84 were cond
coast of the Bering, Chukch1, and BFc
and Barter Island. Most‘of the work
average maximum extent of which is|s
the f]aw zone and moving‘pack ice, pa

The time when shorefast ice begi
The rapidity with wh1ch ice forms
seasonal temperatures -and wind conc
(water w1th reduced sa11n1ty freezes

On average, ice’ forms along the
along the Chukchi Sea’ coast in mid-! t
where it normally beg1ns ‘to form {i
Beaufort Sea coast usua11y in late

neters of subnwvean structures and the

fast ice within which they occur at relatively high

physical characteristics, and
waters of the

ondit1on;
in offshore and coastal

dens1tx, and composition of -subnivean
ice and in adjacent landfast ice of the

Jrveys-oonducted in May; the number of
known " number of subnivean structures
fast ice of the central Chukchi Sea.

yey procedures, the relative abundance of
From Kotzebue Sound to Point Lay and, if
rifting 1ce :

eport encompassing work undertaken from

ucted at a number of locations along the
ufort seas between southern Norton Sound
was done in regions of shorefast ice, the
hown in Figure 1. Some work was done in
rticulargy ini1984. : v

ns to form varies depend1ng on latitude.
at any given location is dependent on
itions las well as proximity to rivers
more qufckly).

shores .of Norton Sound in mid-November,
o late October (except in Kotzebue Sound
n early to mid-October), and along the
September to mid-October. . In years of

|
|
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Figure 1. Averége extent of fast ice in the Bering, Chukchi, and Beaufort seas.
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relatively warm autumn
formation of fast ice is- delayed as
‘blown away from shore. | In autumns

sheet forms rapidly. When strong . brshore winds prevail

weather accompan1ed by per1od1c offshore

|

winds,
the deve10p1ng ice sheet is repeated1y
dom1nated by cold ‘temperatures the ice
in northern areas,

thick multi-year floes are driven 1nto shallow water, become grounded, and are

incorporated into the deve]op1ng sheet

and protect the . deve]op1ng ]andfast{1

of 1andfast ice. Grounded floes anchor

ce sheet. According to Stringer (1974),

‘shorefast ice in the Beaufort Sea generally includes numerous pressure rldges,

the most seaward of wh1ch characteris
water. . i

: The shorefast ice! sheet conti
throughout the autumn and winter. I
few. kilometers or 1ess in eastern
promontories, to severaﬂ tens of k
Kotzebue Sound becomes comp]ete]y cov
embayments.
1at1tude) the ice reaches a thickness
2 m in the Beaufort Sea!

tically become grounded in about 18 m of

i
i
b

nues to grow in thickness and extent
ts seaward extent varies greatly from a
Norton: Sound and near major western
lometers in the central Beaufort Sea.
ered by shorefast ice as do other large

By the end of the freez1ng period (Apr11 to May, depending on

of up to 1 m in Norton Sound and up to

Shorefast| {ce is present for about 7 months in the

southern part of the study area and up to 9 months in the Beaufort Sea.

Contact between fast ice and

the dr1ft1ng pack is marked by a

well-defined shear line! (Reimnitz and Barnes 1974) and/or .flaw zone (Burns

1970; Shapiro and Burns 1975).
of 1arge pressure ridges roughly pa

Infour expernence, there is usually a series

rallel to and beginning at or slightly

shoreward of the active shear zone. ; Each line of r1dges probably represents a
zone of impingement by the pack ice on the fast ice during repeated episodes

of active movement dur”ng w1nter/epr1y spring.

fast ice sheet is least close to shor

margin. . . |

_ The pack ice is a‘more'dynamic ef
constant motion. The pack ice is am
dimensions, and areas of open water*
multi-year floes.
subject to extreme deformat1on and |r
coalescence of multiple /floes may be
the study area, while jusually of | ]
generally have several meters of ve
appearance. ‘Winds and currents keep
of open-water leads and polynyas. iD

the time of its format1dn, a lead or

are rearranged, or freeze over with || in
persist for long per1ods in areas wpt
-meteorologic vcond1t1onst The term
region of interaction between the
shorefast ice. Dynam1d processes s

polynyas, and new ice are very comman

Presence of a snow cover is
Deformation of the ice usually result
snow, particularly on the lee sides |o
floes and ridges. 0bv1ous1y, depth

increase over the w1nter and spr1ng '

Usually -deformation of the
e and becomes greater toward the seaward

{

1v1ronment, in which the ice is in nearly
ixture of floes of variable thickness and
Pack ice is made up of both annual and

Floes in first-year ice tend to be flat, though they are

Sheets of annua1 ice formed by
heav11yrr1dged Mu1t1-year floes within
esser areal .extent than annual floes,
rtical relief and -a rounded, weathered
the pack ice in motion, produc1ng areas
epending on local weather conditions at
po]ynya may remain open, close as floes
owly formed ice. Open-water features may
h certa1n geographic, oceanographic, and
flaw zone is: generally applied to the
pack ice and the seaward edge of the
uch as the formation of ridges, Tleads,
1n thisﬂzone.

idging.

of great importance to ringed seals.
s in greater accumulation of wind-drifted
f irregular ice features such as grounded
of snow and size of drifts continue to
The minimum snow depth in which seals

1
3
:
1t

. .
‘
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‘excavate lairs 1s 20 cm, - and wthe. maximum,.is .greater than 150 c¢m. Areas of

flat ice with 11tt1e or no snow contain breath1ng holes but no subn1vean
structures (Sm1th and Stiriing 1978).

V. Methods

 Field activities, including the initial training of dogs, were conducted
during late winter, and spring of 4 years, 1981-84. The sohédu]e of activities

as they were conducted s -.given in Table 1.

A. Training of Dogs

‘ Trained Labhador retrievers . were wused to Jocate subnivean seal
structures. ‘Initial training of 2 dogs was conducted at a field location on

“the ice of Prince|Albert Sound in the western Canadian Arctic from 1-20 April

1981. Ringed seals are very abundant in Prince Albert Sound, thus affording
numerous opportun1t1es for the dogs to learn how to locate structures and to
reinforce that 1earn1ng by experiencing a high frequency of success. Field

~ facilities and d1rect1on in training were provided by Dr. Thomas G. Smith

(Arctic Blo1og1ca1 Station, Ste Anne de Bellevue, Quebec), who had used a

~in order to provi

. common in Prince

trained Labrador (bitch for locating seal structures since 1971 (Smith and

Stirling 1975).

. Brendan Ke]]y took 2 dogs to Prince Albert Sound a male Labrador

retriever (Clyde

) and a male springer spaniel (Henry) Dr. Smith's

experienced dog was important, if not central, to the training and re1nforc1ng

‘process. That dog located lairs while the tra1nee dogs participated in the
~ search and receiv

ed encouragement at each lair that was found. The dogs were

periodically exposed to dead ringed seals, a stimulus that caused great .

~excitement. In t

seals and the lai

At first the
in pairs without
reworked an.area

h1s manner they were able to make the connection between the
rs from which the smell of seals emanated. '

inexperienced dogs worked with the exper1enced female, then

ithe -female, and finally alone. Or. Smith's dog occasionally

previously searched by the dogs being trained, as a check on

efficiency of the latter. The objective was to provide the maximum

. opportunity for e

locate holes and

ach dog to become prof1c1ent and confident of its ability to
lairs.’ ~

Both the Labrador retriever and the spr1nger ‘spaniel deve]oped the

- ability to 1ocate

lairs. However, because the springer was less responsive to

unfamiliar peop]e, was not social in the presence of other. dogs, and was

generally less tr

As -a follow-

actable, it was not used in future work

-up- to the. training and re1nforc1ng efforts -in Prince A]bert

Sound, Kelly took Clyde to Port Clarence, Alaska from 26 April to 4 May 1981

its efficiency.

foxes, Alopex lagopus, were rare there in spring 1981.

ide the dog with additional experience and to conduct tests. of

Ringed seals are moderately abundant in that area, and arctic
- Because foxes were

Albert Sound, and had opened or marked many of the seal

structures,gtheré was a chance that the dog could have keyed on the scent of

foxes rather than

or in addition to that of seals, thus restricting its search




Table 1. Schedule of fiel

232 during 1981-1984.

d éctivities
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and sciehtific.peréonnel for Research Unit

Date

3 Apr-15 May

16 May

‘

Central Chukchi

Sea

Cape Thompson-
Kotzebue Sound

collections

Ringed seal

- |structure work
‘|using dogs

I8

|Aerial survey -

f

. DT

’Location Activity Personnel
1981 | ‘
1-20 Apf> _ Holman, NWT fraihihgfof dogs B. Kelly
| 261Apr-4 May - Port C]prehce,‘AK Training}of'dogs B. Kelly
2-9 Jun Beauforf Sea Aeria]'shrVeys K. Frdst, B. Kelly,
o o ' T » 'S. Moore, J. Burns
J. Venable
1982 v
5 Mar-26 May ~ Beaufort Sea Ringed sba]/seismic J. Burns, B. Kelly,
S ' work using dogs L. Aumiller,
‘ R. Nelson, S. Hills
25 May-4 Jun Beaufort Sea . Aerial §urveys J. Burns, B. Kei]y,
: ‘ ' K. Frost
1983 T
22 Feb-16 Mar‘ Norton [Sound to Ringed geal - J. Burns
L ' Barrow structure survey
o _ ' .~ lusing dogs
27 Mar-1 May Kotzebue Sound 'Rihged seal K. Frost, S. Hills,
1-|structure work R. Nelson, J. Burns
using dogs
1984 ‘
3-16 Mar Norton [Sound/ ' IPack ice/fastlicé J. Burhs; A. Adams,
: ~ northern Bering ringed seal R. Zarnke
Sea | , collections ‘
28 Mar-15 May Central Chukchi’ Pack icé/fast ice J. Burns, L. Lowry,
' Sea ringed seal K

. Frost, A. Adams

. Burns, K. Frost,
. Lowry, S. Hills,
. Adams,

. Tuzroyluk dr.

. Burns, K. Frost
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L Eme :
to seal lairs prev1ous1y marked by foxes. S1nce only 1 set of fox tracks was
seen in the Port Clarence study area, and no fox-marked 1a1rs were found, this
potential problem was resolved. t

The dog's eff1c1ency at locating seal structures was tested v1sua11y by
the handler. Many seals were hauled out on the ice at Port Clarence during
the study period. The basking seals could be seen by a person standing on
pressure ridges or other high places, but not from the dog's eye level.  In
this manner, the hand]er worked the dog toward known seal holes and recorded -

“its success in f1nd1ng them. In most cases the seal entered the water through
“its hole- before the dog approached close enough to see it. The dog's success

in these tests was 100%. On 2 of the most productive days of testing, the dog

- found 10 of 10 seal holes known to the observer through the presence of a

hauled-out seal, p]us an additional 18 holes.

In 1983, another young male Labrador (Charlie) was trained to serve as a

~ back-up for Clyde and to increase the amount of territory that could be:

searched during-aj 1imited field season. The younger dog was worked alongside
Clyde for a period of approximately 1 month, during which he learned to run a
"Tine" in front of a snow machine, detect the scent of a seal, run to the seal
structure, and indicate its 1ocat1on by digging directly above it. At the end
of a month, Char11e'had developed the necessary proficiency and confidence to
act 1ndependent1y, and was subsequently worked alone. Periodically, our 2
dogs were worked |together as a check on their performance and to intensify,

~ through competition, their desire to find structures. In addition, some.
- search lines were worked more than once by the same dog, or on different days

by dlfferent dods, also in order to check their efficiency at detecting
structures. ' : o _

B. Location and Fate of Sea1 Structures

Searches for, subnivean ringed seal structures were made a]ong prev1ous1y
established lines. Depending on year and location these lines were either
trails made dur1ng the course of seismic exploration or snow machine trails .
made by the 1nvest1gators Dogs working . s1ng]y or in pairs ran or trotted
along those lines in front of a slow-moving snow machine. When the dogs

~detected a scent, they turned and ran upwind to its source, which they

indicated by d1gg1ng in the snow. The area indicated by the dog was probed
with a wooden-handled aluminum rod (approximately 1 cm in diameter and marked
in 10 centimeter|increments to a length of 150 cm) until the lair or an open
hole to the water was located. Presence -of a lair was indicated either by a

void under the snow or by a thin layer of ice which forms on the ceiling as a

result of the warmth and breathing of the seal. This could be felt as the

probe was pushedlf1rst through snow, then the thin ice layer, and finally into

the open space of the lair.  Depending on objectives of the field program,
structures were Hug open by the investigators so they could be classified and
measured. In the Beaufort Sea (1982), most structures were opened at the end
of the study perfiod after 2 or more visits. During coastal and pack ice line
surveys, as well as the intensive searches in grids (1983 and ' 1984),
structures were partially opened at the time each was located. A1l structures
that were openedi{were subsequently reconstructed. ‘




- year,

- |
Structures were class1f1ed 1n
maintained by seals. but Inot used for

which were single- chambered cav1t1es

1 |
]
o

to 3 major - types: breathing holes
hauling out of the water; simple lairs
excavated in the snow above an enlarged

breathing hole (referred to as an access hole); and complex lairs which were

multi-chambered, excavated cav1t1es.§
pupping lairs 1f there was pos1t1ve
included actual presence of a pup,
~afterbirth,

Complex lairs were further classified as
evidence of a pup's presence. Evidence
the remains of a dead pup, blood or

lanugo, pupxtunne]s or 'chambers (small excavations off the main

. chamber that were too small to accommodate sea]s,]arger than pups), and pup

claw marks on the chambeh_Wa11s,

.1..7.' L o
Measurements of subnivean structures included length and width of the

breathing or access hole and 1ength, width,” and height of the lairs.

those lairs with more than a s1ng]e

length of the cont1guous‘chambers It
the 1argest chamber was measu
depth to the ice surface \was measured

For
chamber, measurements were of the total
In 1982 this was not the case. In that
red, not total lair dimensions.) Snow
at approx1mate1y the center of the lair,

Additional notat1ons for each structure included the extent (0% to 100%)

~and average height of | ice deforma
indications that the structure had

(tunnel), or a seal
maritimus); any indications of the
breathing hole was open, open but al

only as a breathing ho]e), or refrozen.

-immediately over the access hole of

structures. Distance (determ1ned by

and magnetic heading frqm the search
each structure was. assigned a number
manner it was poss1b1e 'to keep trac

measure the dogs'

pup killed by_

tion within a radius of 200 m; any
been marked (urine or feces), entered
arctic foxes or polar -bears (Ursus
presence of a pup; and whether the
tered (e.g., a haul-out lair being used
A marker stake was placed in the snow
each active structure and over inactive
pacing or by a hand-held range finder)
trail to the structure were noted, and
for record-keeping purposes. In ‘this
k of individual structures and also to

eff1c1ency on multep]e searches of the same survey line.

Eff1c1ency of search effort by the ‘dogs was mostly influenced by weather.

Optimum wind velocity was about 9-27
very rough ice, soft snow (part1cu1ar
up and the snow became’soft), b]ow*

physical endurance of the dogs. - |

Variations in the_!way lines we
differences in structure work-up,

objectives of a f1e1d season as follo

1982--Emphas1s was on determ1n1n
“seismic exploratory act1v1ty To - tes

km/hr.
ly in late spring as temperatures warmed

re selected and laid out, as well as
gccurred . in response to the particular
Su

the fate of structures before and after
the effects of such activity, a trained

dog was run along lines that had be n 1a1d iout and cleared for purposes of
seismic exploration, as we]] as on adjacent "control" lines laid out with snow

machines.

structures were usually not.opened oh the initial visit.

|

In order to: minimize disturbance caused by the

When ‘a new structure

was indicated by the d1gp1ng act1v1ty of the . dog, it was probed until an open

hole to the water was 1ocated Open
a seal was per1od1ca11y us1ng the holl

-and such holes were classified as active.

ccess or breathing holes indicated that
and preventing it from freezing closed,
The small probe holes were c]osed

with snow, lairs were marked with a stake, and no add1t1ona1 disturbance of
the area was caused by the 1nvest1gat rs.

]
|
! .

'Other limiting factors included

ng sncw or falling wet snow, and the_

1nvestigators,'

, H
} .
. - . ; .
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When an open. access or,breath1ng ho]e was not located by prob1ng, the
structure was exposed by digging down to the sea ice. Usually, an abandoned

- lair with a frozen access or breathing hole was found. However, there were

instances when an|active hole was present, but could not be probed from the
snow surface because it was under a shelf of upthrust ice or otherwise
situated such that vertical probing did not detect 1it. - Some . structures
indicated by the dog could not be confirmed because they were in ice pressure
ridges or ice p11es. Normally when an open hole was not found, the area was
excavated until the refrozen hole  was 1ocated, or until it was clear that
there was probably a- structure covered by . 1ce through which we cou]d not dig.

So far as possible, each active structure was ‘revisited at approx1mate1y
2-week intervals,l up to a maximum of 7 times. At each revisit, the access
hole was probed to determine if it was still open. At the time of the last
revisit, each structure that had not previously been examined was opened, its

‘type (breath1ng lhole, simple lair, or complex lair) confirmed, and its

dimensions measured. Starting in April, some access holes to the snow surface

- were found. These were treated in a manner similar to subnivean structures.

A pre11m1nary study of haul- out patterns of radio-tagged ringed seals was

initiated during the 1982 field season. Based on the success of that effort a

separate research project, directed by Brendan Kelly (University of Alaska,

~ Fairbanks), was continued through 1984, Results of rad1o -tagging efforts have

been reported separately (Ke]]y et al. 1986).

1983--Emphas1s dur1ng this field season was on determ1n1ng the types,

- densities, and physical characteristics of structures in different geographic

areas. The field effort included 2 phases. The first phase involved search
lines at 23 d1fferent locations along the Bering and Chukchi sea coasts. A
helicopter was used to transport a dog, an 1nvest1gator, and a snow machine to

“the search areaJ Once an area with suitable ice conditions was found, a

search line was 1a1d out by snow machine. The line was oriented perpend1cu1ar :
to the wind. The dog was then worked back along that line. Width of the.
strip effect1ve1y searched by the dog varied with wind speed. The primary dog
on-all coastal surveys was Clyde. Based on findings during phase one, 2 areas
in Kotzebue Sound were chosen for intensive study during phase two.

In phase two, survey grids (as opposed to single 11nes) were established,
with a basic search unit of approximately 2.6 km2 (1 square statute mile).
When a larger grid was desired, it was made up of adjacent gridded blocks.
Each grid consisted of parallel search lines spaced approx1mate1y 400 m apart
and connected bylat least 1 perpendicular "base Tine." The baseline of a grid

“was generally a]ong some extensive flat ice feature such as a refrozen lead or

a large flat pan of ice which facilitated easy travel from one part of the
grid to anotherJ Lines were laid out with the aid of a surveyor's transit.

. One person measured angles with the transit and with hand signals or two-way

radio ‘gave d1rect1ons -to a second person on a snow machine who put in the
straightest poss1b1e trail. Line 1lengths were measured by snow machine
odometer. Length of lines was checked with the Global Navigation System of
the helicopter and by periodically running the snow machines over courses of
known length (e.g., air fields) on shore. Trails were marked every 400 m with

- brightly pa1nted coded surveyor s stakes. These fixed points provided the
- means for mapp1ng structures in the grid, as the distance and ang]e to each
" structure, in re]at1on to a stake, were recorded
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Two hundred meters!on the windward side of the line was considered a

conservative estimate of the strip w;dth searched by a dog.

Consequently, the

goal was to run every gr1d line at least twice, once with the wind to the left

of the 1line,
additional times to check the efficie

and once |with the wind to the right.

Most Tines were run

ncy of the dogs. If the wind conditions

during the period a gr1d was  worked precluded searching one side of some

lines,
lines perpendicular - to lthe surveyed
stakes were sometimes run to ensure
Charlie, were used in searches of the

same lines were made throughout the study.

1984—-There were 2 or1mary goalp

was a continuation of the intensive e1

determine the kinds, dens1t1es, and
- structures. Work was conducted withi
vicinity of Cape L1sburne Two- dogs
goal was to obtain comparat1ve data
searches on the pack ice were condu
surveys of 1983.
helicopter to areas of pack ice wher
could be safely worked‘ Searches;o
Charlie. A black Labrador retriever

used on some of the searches. |

c. Aeria].Surveys |
' [

Aerial surveys wene flown in
densities of ringed seals in areas
occurred with densities iin adjacent ic
were flown between 2 and 9 June in)a
11 flights were flown’ between 25 May

Both aircraft were equ1pped with GN<

intermediate 11nes were estab11shed at 200-m

intervals. Similarly,
grid ‘lines and connecting the marker
adequate coverage. Two dogs, Clyde and
grids. iTests of their efficiency on the

during the 1984 f1e1d season The first
"forts begun in Kotzebue Sound in 1983 to
physical characteristics of subnivean
in grids established on fast ice in the
were used to search grids. The second
from the offshore pack ice. Offshore
cted in: the same manner as the coastal

The dog, 1nvest1gator, and isnow machine were transported by

e there were large, unbroken pans that
f the pack ice were primarily done by
bitch, Lil (owned by Brendan Kelly), was

1981 and 1982
where "on-ice seismic exploration had
ontrol areas. In 1981, 12 survey flights
turbine-engine Grumman Goose. In 1982,
and 4 June using a Bell 204 helicopter.
-500 Global Nav1gat1on Systems. Survey

altitude was 91 m at an average. speed of 240 km/hr in 1981 and 152 m at

120-170 km/hr in 1982. |Most surveys
local time, the period at this time
out. In add1t10n to the pilot and}
experienced observers (1 left and 1
first 2 flights on 2 June 1981, thei
the aircraft: throughoutLthe surveys}
For each minute of flight time,
side of the aircraft were recorded as
the track. Thus, sea11 numbers wer
Boundaries of the strips were mainta
discernible, it was noted whether a’
or next to.a hole in the ice made by
became apparent that dens1t1es for,
consistently lower than those for‘t
dens1ty calculations and compar1sons

One observer recorded ice cond1
“records included type (shorefast or
deformity of the surface Hourly
Deadhorse, and Barter Is1and were obt

tions for each minute of flight.

were flown between 1000 and 1600 hours

co-pilot, the survey crew consisted of 2
right) and a navigator. Except for the
ame observers occupied the same sides of

all seals visible within 0.9 km of each
within either the inner or outer half of
e recorded for 4, 0.45-km-wide tracks.
ined through use of inclinometers. When
eal was situated next to a natural crack
the seal. During analysis of the data it
the outer tracks were substantially and
he inner tracks. Consequently, further
were based on' the inner tracks only.

The ice
pack), coverage in oktas, and percent
weather reports from Lonely, Oliktok,
ained from FAA Flight Service.

]

in order to compare the .

of year when maximum number of seals haul -

i
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0n 2-June 1981, surveys were f]own parallel to the coastline from Prudhoe
Bay to Cape Halkett and from Prudhoe Bay to Barter Island. Survey flights on

-3, 5, and 9 Juneiwere directly over seismic shot lines and para]]e] to and
: m1dway between those 11nes. Survey lines between adjacent seismic lines were

designated as controls An area of numerous, closely spaced seismic lines
east of Prudhoe Bay and an adjacent undisturbed area were surveyed on 4 June.

On that date, the survey lines extended northward approximately 37 km from
shore and were. spaced 5.6 km apart. On both 7 and 8 June, surveys covered the
area from Smith Bay to Camden Bay. North-south lines approximately 28 km long
and 22 km apart wére surveyed, as well as the connecting east-west lines.: The
north-south lines were offset approximately 11 km between 7 and 8 June such
that, in total, tpe surveys from the 2 days covered the study area with lines
spaced 11 km apart. A survey flight on 6 June was aborted due to inadequate

Three types {of transect lines were surveyed in 1982 (1) those a]ong'
seismic trails or access roads; (2) those between or away from lines or ice
roads; and (3) duplicates of transects flown in June 1981. The latter

 transects were surveyed to provide a comparison of overa]] re]at1ve abundance

of seals between a981 and 1982

In 1984 we ‘planned to survey seals in areas where on-ice stud1es of seal
structures had been conducted. However, .because of an unusually cold ‘spring,
seals did not begin to haul out on the ice as early in May as they usually do,
and thus could not be satisfactorily surveyed then. By mid-May when the
weather was more| conducive to hauling out, a shortage of helicopter fuel at
Cape Lisburne 1n combination -with other scheduled use for the aircraft
precluded survey flights in areas where study grids were previously
established and ‘searched. A fixed-wing survey was flown instead along the
coast from Kotzebue to Cape Thompson on 16 May. The survey aircraft was a
Cessna 185 f]own}at a 152 m altitude with a transect strip of 0.9 km on either
side of the plane. Survey coverage was approximately 943 km2., 'Results of

-was very limited

openings in the

this survey were
same principal i
of Distribution,

incorporated in another OCSEAP study being undertaken by the
nvestigators entitled "Ringed Seal Monitoring: Relationships
/Abundance, and Reproductive Success to Habitat Attr1butes and

Industrial Activities" (Frost et al. 1985, 1987, 1988).

‘D. Collection of Seals

' 1 v - . - .
In 1984; we collected ringed seals in 2 broad geographic areas: Norton

Sounq near Nome,
geographic area '’
adjacent to the

and the eastern Chukchi. Sea near Cape Lisburne.  Within each
seals were taken primarily from the nearshore lead systems
fast ice, and from the more distant (seaward) pack ice.

Specimens from the fast ice were also desired but opportunity to obtain them

in 1984. The actual locations where seals were collected in

1984 were determined by the ava1]abi11ty of .seals and ‘ice conditions.

Suitable ice con
to land a helic

A .Bell 204!
seal holes in. tl
helicopter lande
they were shot,|

ditions were those where ice floes were thick enough on which
opter and where seals could surface in small 1eads or other

1ce cover.

he11copter was used to fly over 1eads and look for seals and
\in ice. When seals or evidence of seals were detected, the
d and the engine was usually shut down. As seals appeared

retr1eved with the aid of the helicopter, and tagged. The




|
1
|
P
{

18

1

1
I

500) of ' the collection were recorded.
Facilities at Nome or Cape Lisburne for

date, t1me, and 1oeat10n (from GNS-
Seals were transported to 1aboratory$
exam1nat1on and necropsy. | o

A series of standard we1ghts anh measurements ‘was taken from each seal.

A sample of approximately 30 ml of B]ood was taken from the extradural vein.
The blood sample was a1lowed to clot,|and was then, centrifuged and the serum
removed, labeled, and frozen. The iexter1or of the seal was examined .for
wounds, scars, and externa] parasites. The body cavity was opened and all
.organs removed. The: sku]l 2 c]awslf"om a foreflipper, and the reproduct1ve
organs were also removed, labeled, |and frozen. Two sets of samples of
approximately 100 g of twssuerwereﬁtaken from the liver, kidney, blubber,
skeletal muscle, and heart. One set|was wrapped in foil and the other put in
whirl-packs. Both were labeled and ffrozen. Stomachs were slit open and the
contents were put in . pPast1c bags, [labeled, and frozen. All organs were
examined for parasites (by Ann Adams, Un1vers1ty of Washington, Seattle, WA)
and sampIes of paras1tes and affected tissues were preserved.

the ADF&G laboratory in Fairbanks. In
e sorted, identified, and quantified.
ber of annual rings on them was counted.
ower jaw, thin-sectioned in a cryostat,
5 were determined from counts of annuli

Robin West (U.S. Fish and
James Clayton (Department of
Canada). Serum samples ‘were
L. Rausch (University of Washington,
also archived at ADF&G, Fairbanks.
y Ms. Ann Adams (Adams 1986, 1987).

Specimens were sh1pped frozen to

“the laboratory, stomach . contents wer
Claws were soaked in water and the num

A canine tooth was removed from the!l

sta1ned, and mounted on a slide. Ades

in dentine. " Tissue samples were sent to Mr.

Wildlife Service, Anchorage, AK) and to Dr.

Fisheries and Oceans, Winnipeg,. Manitoba, -

provided to Dr. C]ayton;and toﬂDr.§R.

Seattle). = Subsamples. of sera were
Parasites were retained and examined (b

“3

!
£
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VI. Results

[

A.A Aer1a1 Surveys in Beaufort Sea Se1smic Exp1oration Areas, 1981 and 1982

" In 1981 a total of 5 334 km of |s
along seismic lines and 333 km alon

survey 11nes was flown, 1nc1ud1ng 480 km
adjacent control transects (Figure 2).

The remaining flights were generally

determine regional densities of sealsl

‘the 1985 interim report. by ADF&G fon

north-south or east-west. legs flown to
Those results were incorporated into
the NOAA/MMS-funded project (RU #667)

entitled "Ringed seal mon1tor1ng Re
and reproductive success to habitat
(Frost'et al. 1985, 1987,} 1988).
t P .

- The 1981 surveys were comp11cated by ear]y and rapid deter1orat1on of
shorefast -ice. Surveys were termlnated on ‘9 June due to unfavorable
conditions (breakup, surface water, 'snow melt, and the presence of open water
near shore and around the barrier 1s]ands) As the survey period progressed
more extensive cracks in the fast ;ice cover appeared, more seals moved in
along those cracks (ori red1str1buted themse]ves from other areas), and
consequently a progressively h1ghertp”oport1on of seals was encountered along
cracks - (Table 2). Based on our previous experiences, the conditions which
existed by 9 June 1981 |were not norma11y encountered until after 15 June.

1at1onsh1ps of distribution, abundance,
attributes and industrial act1v1t1es

R
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Table 2.

Number of cracks and proportion of seals along cracks in the area between 145° and
148° W longitude, on 4, 7, and 8 June 1981. R

o o . - o Density - % of total
Flight Track - No. of . for surveys . seals seen
~ Date no. miles (km) cracks (seals/km?) "along cracks
4 June 5 506 8 o 0.43 14
7 June 78 - 459« _ o 19 UV7iﬁ&w;’..0‘60 7T_ i | 16 T
8 June 11 493 21 0.37 23
Table 3. Comparisons of ringéd sea]Idensity on "seismic" lines and on “control" lines; based bn surveys
: of 3, 5, and 9 June 1981. ' ' :
Seismic transects - - _'Cohtkol_transéct§
No. of Length of : , No. of Lengfh of
S transect combined Density transect combined -Density
Date legs tracks (km) (seals/km2} legs. | tracks (km) (sea]s/kmz)
3 June 5 - 88 0.24 4 76 0.41
5 June 6 151 0.40 . i 89 0.50
.9 June 26

111 75 0.33 ‘ 6 169 - 0.

. . ¢ - . -
LS .
' . . .

0¢
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Results of the earliest. surveys, -those up to 5 June, were considered to be

more representatlve of normal late spring conditions than were subsequent'”
surveys -

Spec1f1c surweys to test the difference in abundance of r1nged seals
along seismic 1ines and in the less "disturbed" areas between seismic lines
were made on ‘3, SJ and 9 June. Ice roads or trails were highly visible from
the survey a1rcraft and, whenever encountered were used as the centerline of
strip transects referred to as "seismics. It was not possible to distinguish
which roads or trails were transport corridors and which were actual shot
lTines, but in all cases the trails had been used as routes traversed by Heavy
equipment utilized "in seismic exploration. With the aid of the Global
Navigation System[ 'control" lines parallel to and m1dway between the se1sm1c
Tines were also surveyed .

Resu]ts of these surveys (Table 3) showed a statistically s1gn1f1cant
difference in seall density between seismic and control transects flown on
3 June (x2 = 7. 01I df = 1, p < 0.01). The density of seals on seismic lines
was 58% of that on contro1 transects. On 5 June, the density of seals on
seismic Tlines was slightly but not significantly 1less than on control
transects (x2 = 2'21 df =1, p > 0.05). On 9 June, the density of seals was
higher on seismic 11nes than on control lines, but the difference was not
statistically s1gn1f1cant (xz = $2.45, df =1, p > 0. 05).

z
, Compar1sons were also made between blocks of area within which seismic
exploration occurred and adJacent non-disturbed control areas (Table 4).
Dens1t1es of seals were s1m11ar in seismic and- contro1 blocks.

The relationship: between ringed seal dens1ty and ice deformat1on was
examined (Table 5) Densities of seals on ice with 1ess than 40% deformation
(0.5/km2) were almost double the densities (0.3/km2) on ice with greater than
40% deformation. : _ - . ‘ .

Al1l survey flights in 1982 were f]own'with a Bell 204 helicopter. This
was unlike previous years in which . fixed-wing aircraft were used. The

‘helicopter proved to be very sat1sfactory, having the advantages of slow

flying speed (120rto 170 km/hr) and excellent forward and lateral v1s1b111ty

Basking seals did not seem especially bothered by the turbine-engine,
rotor-wing aircraft and seals usually stayed on the ice during the survey
period unless’ the[he11copter passed very close to them. This was in contrast

~to the response of seals in early May when temperatures were cooler and the
-molt period was Jbst beginning. In early May it was difficult to land within

1000 m of a basking seal without it fleeing, but during the survey periods it
was possible to [land within 200 to 300 m. These seasonal differences in

.. . additional 3 legs

tolerance may be|
-there may have

resulting from a
“prevailed during

due to behavioral changes associated with the molt. Also

lbeen -some modification of the noise from the helicopter

combination of warmer temperatures and Tow cloud cover which
the survey period. :

Survey f]igrts'were made on 25, 26, 29, 30, and 31 May and 1, 3, and 4

June. The total
409 km along a ti
along seismic 11

{length of all transects comb1ned was 2,006 km. This included
ransect which replicated one flown in 1981 (Figure 3), 752 km
nes, and 706 km along control transects (Figure 4). An
of one flight were over drifting ice for a.total distance of




Table 4. Conparison 0

f ringed seal

22

densities in blocks within which

seismic exploration was jahd was not conducted. Nonseismic blocks

- are designated as control

S.

‘NumBer .. Number

Block Date | Tegs “miles (km2) - Seals/kn?
Control A 7-8 June 8 361 - - - 0.49
Seismic A - 7-8 Juqe 5 256 ' 0.48
Control B~ 7-8 June - 51 250 0.45
Seismic B 7-8 June 7 326 - - 0.46

Table 5. Distribution of‘ringed seals in relation to deformation of fast .

ice in the s

tudy area, based on 1981 surveys.

¥

Percent of .

S B transect area  Number of seals
Percent ice Length of - of designated seen within Density
deformation tracks | (km) deformation ' inner strip (seals/km2)

0-10 - 2,011 37 : 822 0.41

> 10-20 1, 641 131 o 759 0.46

> 20-30 406 8 : 193 0.48

> 30-40 ) 246 5 - 83 0.34

> 40-50 , 146 3 45 0.31

> 50-60 224 4 50 . 0.22

> 60-70 332 6 73 0.22

> 70-80 178 3 o 37 1 0.21 1

> 80 ' 15?- 3 s 34 (55) 0.23 (0.37)
Totals . 5,334 100 2,096 0.39

1
' the flaw Tead.

which seals from| the lead cou'
actual trend of seal dens1ty

Highly deformed 1ce (>80%) was limited in extent and occurred next to

Va]ues in parentheses:represent observed number of

seals and the resu1t1ng density in th1s ice deformation category. They
are considered anomalous beca
along a crack extending to the lead. ‘This crack was a corridor along

clearly obvious by either dis
- deformation, or by adJust1ng
the single s1ght1ng of 22 sea

, parentheses represent the 1a

1
|
|
| -
|
i

t

se of a single sighting of 22 seals

d penetrate the adjacent fast ice. The
in relation to deformation is more
regarding areas of 80% or more -

the observed number of seals to represent
Is as a sighting of 1. Values not in

ter adjustment. : '

K ' :
. M ’ N
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Figure 3.

location of the 1981-82 replicate line
- comparing seal densities in both years.
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Figure 4.

Map of the Beaufdrt Sea coast showing 1ocation of all
‘and cqntro] aerial survey transects flown in May-June 1982.
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137 km,
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The 1981-82 rep11cate transect! was over a course hav1ng the fo110w1ng

~waypoints: (1) 70°25.7!N, 148°15/1'W; (2) 70°34.4'N, 149°24,5'W; (3)
70°37.2'N, 149°55.2'W; and (4) 70°43.8'N, 151°56.1'W. Tota1 length of this

line was 141 km, y

‘Replicate f11§hts a1ong the- reference transects indicated a mean density

(a1l legs ‘combined

mean density in 1981 of|0.37 sea]s/kmzv
The higher Ldens1ty observed in

transects.
d1fferent than that recorded in 1981 (

For a s1ng1e f11ght comparwsons
valid since both types of transects
usually flown as a1ternat1ng legs whi

and affected by  the same weather conditions.

-necessarily preva11 among  days or

of 0.54 ringed sea]s/km2 in 1982 (Table 6), compared to a

in a combined total of 702 km of
1982 was not significantly
= 1.029, df = 32, p > 0.05).

b ) . :
of seismic and control transects are
were adjacent to each other and were
ch were ‘temporally and spatially close
Such similarities did not

between 2 flights in a single day.

Comparison of densities of seals on se1smic and control lines for individual

flights during which both types ;o
significant difference 1nlon1y 1 insta
of seals was greater on seismic lines
(0,14 seals/km2). Based on a compar1sc
and control transects flown in 1982
different (t = 1.029, df =

32, p> 0. 0‘).

f transects were flown indicated a
nce (Tab]e 7). On 26 May, the density
(0.29 seals/km2) than on control lines
n of the pooled results for all seismic
, the results were not significantly

On transect legs flown over dr1ft1ng ice in the’region between Flaxman

Istand and Barter Island on 29 May tH
0.11/km2,
transects over the fast 1ce

The re1at1onsh1p between seal der
ice in 1982 is presented in Table 8

e observed density of ringed seals was

This was consxderab]y 1dwer 'thanf the_sdensity .observed on most

sity and extent of deformation of fast
As in 1981, the highest densities of

basking seals occurred 1nJareas where deformat1on was less than 40%.

B. Seal Structures in Béaufort Sea,Se1sm1c Exp]orat1on Areas, 1982

Seal structures were located bL
seismic . and control

non- systemat1c search lines. In tota]

searching with a dOg along 267 km of

11nes (Figure| 5) and along approximately 28 km of

, 157 structures were found: 105 along

'seismic trails, 36 along control 11nes, and 16 during non-systematic searches.

It was possible to deterﬁ1ne the type
included 70 breathing holes (47% of
lairs (42%), 5 complex .Jairs (3%),!a

holes to the snow surface were found|and are included as breathing holes.

of these were found because our samp]

of structure in 148 cases. This sample
all identified structures), 62 simple
nd 11 pupping lairs (7%). Two access
Few
ing effort was terminated prior to the

beg1nn1ng of the ma1n mol¢ period, when seals haul out in large numbers.

O0f the 78 lairs exam1ned 62 were single-chambered simple lairs (79% of

all Tlairs), and 16 were multi-chambered (
defined in this report are not to belconfused with "lair complexes"
The latter refers to a group of several lairs in

Smith and Stirling (1975)

lairs as
as used by

(21%). (Note: comp1ex

close proximity to one another ) Eleven of the complex lairs were confirmed

pupping lairs.

Therefore pupping jlairs made up a minimum of 7% of all
structures exam1ned, or 14% of all lairs. : :

‘ .
lt .




Table 6: Resu]

reference transects, 1981 and 1982

ts of aer1a1 surveys of, r1nged seals along rep11cate

25

Number of Transect

Combined 1982

 Density

Date Tegs | length (km) (seals/km?)
2 June 1981 2 100 0.59
3 June 1981 10 239 0.35
4 June 1981 1 71, 0.44
7 June 1981 5 - 144 0.34
9 June 1981 4 149 0.25
: Combined 1981 22‘ 703 0.37
. 25 May 1982 2 65 - 0.58
26 May 1982 2 150 0.20
1 June 1982 4 129 0.69
'3 June 1982 3 65 0.96
11 410 0.54




" Table 7. Dens1t1es and stat1st1ca1 comparisons of ringed seal abundance a]ong adJacent se1sm1c and control
Lranuects surveyed in 198c.

Séismic transects : o . Cdntro’l transects
number tfansect x density . , number transect x density
Date and of length (seals/ . ‘ of length {seals/ , . !
flight ' - legs {km) km2) s.d. legs (km) km2) s.d. Student's t test
26 May, Flt. 1. 7 155. 0.29 0.12 8 132 0.14 b.14: t = 2,238, df =13, p < 0.05
~—29-May; FTt1 C g 91 02Ok o7 0022 0:22 €= 0.774; dF = 6; p > O.T
30 May, Fit. 1 9 102 0.40 0.43 2 31 0.4 © 0.29 . t=1.051, df = 9, p > 0.1
31 May, F1t. 1 2 29 037 . 0.40 3 55 . 0.38 ‘, 0.25 - t=0.,0183, df =3, p > 0.1
T 2 26 0.3 0.29 2 26 041  0.03°  t=0.348, df = 2, p > 0.1
T Tune FTE2 5 9 ;570,10 5 106 0.58  0.24 t S 0,511, df = B, p > 0.1
3 June, Fit. 1 4 75 0.47 0.35 6 192 0.62 0.50 t = 0.563, df = 8, p'z 0.1
4 June, Flt. 1 4 70 0.49  0.33 o 22 0.49 0 t =0.00, df = 3, p > 0.1

N
()]
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Distribution of ringed seals in relation to deformation of fast .

Table 8.
: " 1ce in the study area, based on. 1982 aerial surveys.
Percent of o
o transect area Number: of seals
Percent ice Length of . of designated seen within Density
deformation tracks ‘(km) - deformation inner strip (seals/km?)
0-10 935 50 423 0.45
> 10-20 276 20 211 0.56 .
> 20-30 239 13 88 0.37
>-30-40 143 8 40 0.28
> 40-50 59 3 11 0.19
> 50-60 - 91 5 21 0.23
> '60~70 20 1 5 0.25
> 70-80 6 <1 0 0’
> 80 0 0 0 - =
Totals - 11,869 100 - 799 1 0.43
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_ The dog 'was very cons1stent in h1s ab111ty to Tlocate subn1vean seal
structures. In aI] instances that he indicated the presence of a seal odor,
we found a structure or at least were able to detect the seal odor ourselves.
The dog found 2 at greater than 1500 m from search lines. The relationship
between the number of structures found and distance from the search line
appeared constant{out to at least 50 m from the line. Unbiased searches for
structures at vary1ng distance from search lines were not a requisite of this
phase of the study, the location of a large total samp1e of structures was.

Lairs occurred in the physical settings descr1bed by Smith and St1r11ng
(1975) and Smith (1976): in snow drifts which form around ice hummocks, and
along pressure r1dges Extent of surface deformation in which structures were
situated varied ﬁrom 0% (flat ice) to 75% for breathing holes and 4% to 75%
for lairs. The mean ice deformation for breathing holes and all types of

‘lairs was 26% to 28%. We did not record differences in height of deformed ice

features. Our search pattern was largely dictated by the layout of seismic
lines, which were ultimately limited by rough ice. Thus, our search effort
was not necessar1ﬂy equally distributed with respect to ice deformation. The
depth of snow and dimensions of each type of structure found in the Beaufort -
Sea in 1982 are presented in Table 9. - _

We revisited structures -at intervals to determine their fates.
Abandonment of breathing holes and access holes into lairs was considered to
have occurred 1f1the holes became completely closed by freezing. Revisits
were made to 11 structures 1 to 5 weeks after it was found that. the breathing
or .access hole was completely frozen. In all instances the. holes remained -
frozen. Access fholes were considered altered if they froze to a sma]]er
diameter which precluded a seal from passing through, but which "still
permitted access|to air. In some instances the access hole was maintained
unfrozen but the jlair was altered when ice built up on the roof to a thickness
which did not permit a seal to pass into the chamber. Of 12 structures that
developed altered holes, 5 remained partially frozen (revisits 2-5 weeks after
initial a]terat1bn), and 7 became completely frozen . (revisits after 1-6
weeks). The fates of 4 lairs which were altered but had open access holes
when found were: | 1 access hole frozen within 1 week; 1 access hole partially
frozen w1th1n 4 weeks, and 2 altered lairs cleared and reused for hauling out
(one within 3 weeks, and one within 4 weeks) .

The fates of 96 structures, active and una]tered when first found, were
examined in a three-way analysis (Sokal and Rohlf 1969) that included: (1)
fate of the structure, (2) the observer that found the structure; and (3) the
method of 1n1t1a1 verification of the structure (probed or partially dug
into). There was no significant difference in the number of structures opened
by each 1nvest1gator (6 = 1.038, df =.2, p > 0.5), nor in the fate of
structures in relation to which 1nvestlgators found and initially 1dent1f1ed
them (6 = 2.010,(df = 4, p > 0.5). .

Approx1mate1y two thirds of the structures we located were rev151ted 1-5

weeks later. We compared the fates of structures that were dug into on the

initial visit td those that were only probed. Based on all structures that
had open breath1ng holes on the first visit (this includes both open and
altered categor1és), there was no difference in the abandonment of structures
that were dug 1nto and those that were only probed (Table 10). Eighty-seven
percent of all |structures visited for a second time, whether dug into or

29



Table 9. Measurements |(cm) of seal-made structures, inc1uding breathing
holes, lairs, and access|holes to ‘the snow surface based on data

from the Beadfort Sea, spriing 1982.

l . Type of structure
E o |
| :

access holes

| breatping simple complex pupping to snow
Parameter - . Statistic holes Tairs. lairs . lairs surface
. L B : . .
Show depth at structure  MEAN 38.4 77.2 90.8 . 93.0 19.5
. RANGE 0- 116 29 - 150 70 - 123 66 - 119 15 - 24
sib. - 20.7 26.8 22,4 17.4 6.4
_ . | N U 61. .5 N -2
Diameter of hole MEAN 3.9 42,6 . 42,0 65.0 _ 49.5
' _ RANGE 10 - 62 18 -166 41 - 43 29 - 118 39 - €0
s.D. 12.8 11.5 1.2 32.2 14.8
I'N Y/ 320 6 r 4 2
I : o ,
Length of Tair : MEAN 165l2 268.0  245.0
' ~ RANGE 78 - 467 160 - 389 145 - 455
s.D. 66.7 '90.4 81.4
_ N 1 53 -5 L0 -
Width of lair ' MEAN . 98,0 9.4 154.6
: RANGE : 52 - 165 76 = 115 84 = 250
s.D. : 25.1 17.9 57.4
_ N - 53’ 5 10 -
L | | _ |
Greatest height of lair MEAN 35.3 37.4 33.1
.. - RANGE . 12 -’55 24 - 64 25 - 53
s.D. 4 9.1 16.6 - 7.8

PN - 54 5 10 -




Table 10. Fate

4
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of séa]ggstructUres in relatibn to initial method of

examination. For 2nd and 3rd visits, only structures that were

“open

4

on the previous visit are included. Open category includes

structures that were completely open and those that were

5 (7).

altered, since the two could not reliably be distinguished by
probing. : :
 Examination , Number of structures (%)
method Samplie - - L '
(previous visit) ' size ‘ Open .. Frozen
1st Visit 188 . 129 (87) 19 (13)
‘2nd Visit
Dug info.l‘“. 46 40 (87) -6 (13)
Probed 56 49 (87) 7 (13)
AT 102 0 . - 89 (87) 13 (13)
' 3rd Visit |
Dug into 10 C o 9(90) 1 (10)
* Probed 62 58 (93) . 4 (7)
AT T2 67 (93)




1

| .
probed, remained open (x2 = 0.007, |d
effect of digging into versus prob1ng
time (Table 10). As in| the previous

difference in the rate of abandonment
second and third v1s1ts (x2 = 0,168, d

Compar1sons were also made of the
located along seismic. and ‘control lihe
We found no significant p1fferences{1
on seismic or control lines (x2 = 0.02
distance from seismic or. control 11
seismic 1ines, 84% of those within 150
were open (x2 = 3.457, df 1, p >10.
were 86% and 91% (x2 = \210 df =1
on data -from the f1rst time a st
disturbance (if it occurred) might aff

For structures found along se1sm1
relationship between fate of the strud
was worked by v1brose1s1equ1pment (1
(1) structures 1n1t1a11y110cated afte
before they were vibrated; (2) those
vibration; and (3) those |found 1 to 2
were no significant differences in|f
S df =2, p > 0.1),

The other major source of dist
construction of Seal Island, an artifi
18 km northwest of Prudhoe Bay (70
thickening of the ice road occurred
construction began aboum February
Woodson, Shell 011 Company, personal]c

We compared the aba%donment rate

32

f =1, p>0.9). We also compared the
for structures that were visited a third
5 comparison, there was no significant
based on method of exam1nat1on, between
f = 1p>05)

2 1nc1dence of abandonment of structures
s, and relative to ‘distance from lines.
n the abandonment of structures located
5, df =1, p > 0.75), or in relation to
nes (Table 11). For structures along
m and 95% of those beyond that distance
05). A]ong control-lines these values
p > 0.10). These comparisons were based
ructure- was located, before observer
ect the results.

c lines, we examined whether there was a
ture and the time when the seismic line
e., vibrated). Sample groups included:

r lines .were laid out and cleared, but

initially located within 1 week after
weeks after vibration (Table 12). There
4,075,

ates among the 3 samp]es (x2 =

b

urbance ‘within the study area was the
cial gravel island located approximately
° 29.5 'N 148° 41.6 W).

prior- to February 21, 1982. Island
23 ‘and continued until April 8. (P.
ommun1cat1on)

for 42. structures Tocated w1th1n 10 km

of Seal Island,
during random searches

found to be significant1y greater thdn it was 2-10 km away.

Seal Island, 3 of 5 structures (60%)
beyond 2 km (x2 = 6.173, p > 0.025).

, Arctic foxes were present in
throughout the period_ of our fiel
noticeable increase in the number o
foxes were either mov1ng closer to
fast ice from land.
was found on 4 April,

found the first live pup.in a lair on 7 April.

including those foumd
The abandon ent rate within 2 km of Seal Island was

along' control lines and others found

Within 2 km of
ere abandoned compared to 5 of 37 (14%)

e]ativeTy low numbers on the fast
work. In .early April there was a
fox tracks seen, 1nd1cat1ng that more
hore from the drifting ice or onto the

Our first deftn te evidence of the birth of a seal pup
It was the rem 1ns of a pup contained in fox feces. We

Remains of fox-killed pups

were found near lairs on‘lO and 26 Apr11 and 19 May, the latter being remains

of an old ki1l exposed by melting snow.

- Of the 78 lairs we examined, |6
lairs were entered by foxes.
by the time they were checked for
disturbance by foxes as|there was. am

Thus, {18

pupping or complex lairs and 8 simple

% of all lairs had been entered by foxes
the last time. -This underestimates
ple time for structures to be opened by

t

Flooding and

ice

7 . )
. i




R
33
Table 11. Fate of 132 seal structures, .in, re1at1on to distance from seismic
‘ * and control search lines, based on first visits to structures.
'thber of structures (%)
3 “pistance of Open -
Type of structures Sample (Includes Abandoned
search line from 1lines (m) size . Altered) (Frozen)
Seismic <15 55 46 (88) 9(16)
> 150 . 44 42 (95) S 2(5)
Contro] ' <150 - 22 19 (86) 3 (14)
| E' > 150 11 10(91) - 1(9)
Al 1o<150 77 65 (84) 12 (16)
> 150 55 52(94)  3(6)




~ Table 12. Fates of seal structures

first visits only.

~1ines and t1m1ng of se1snic exploratory activity.

in relation to distance from seismic
"Data are for

Time found in

Number of structures

-relation to Distance from " Open -
‘ time line .. se1sm1c line - (Includes Abandoned
-~ was vibrated® (m) Total ~altered) (frozen)
“Before line <150 6 14 2
“vibrated _ o
> 150 6 . 5 1
Within 1 week  <|150 13 13 0
after vibration _ o c
= . >1150 13 13 0
_ : : . | .
1-2 weeks after <150 1 1 0
vibration ‘
5 4 1

>1150

. ) . I
Refers to lines searched after Be
use of vibroseis equ1pment, and 1
per1ods after operat1ons of v1brc

1

1

ing surveyed and cleared but prlor to
ines searched within indicated time

)seis equipment.

' ;
' ;



foxes subsequent:
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to our final visits. Considering 1airsvopened by foxes as

.

well as all struc;ures simply marked (feces and/or.urine present), 33% of all
structures had been visited by foxes :

-Reg1ona1 Survey of Abundance and’ Types of Seal Structures, 1983

An extensive survey of fast ice in the broad region between southern
Norton Sound and{Peard Bay was made from 22 February to 15 March 1983. This.
preliminary _survey was undertaken to determine if there were regional
differences in the types and relative abundance of Subnivean structures and to
locate an area su1tab1e for more intensive 1nvest1gat1on._ This effort was
begun in Norton Sound and progressed northward in order to take advantage of
increasing day11ght and seasonally moderating temperatures. Logistic bases of
operation were Una]ak1eet Nome, Kotzebue, Cape Lisburne, and Barrow.

‘A tota] of 119 structures were found. a]ong 23 different lines that, in
aggregate, made up about 82 km (Table 13, Figure 6). The exact length of line
4 could not be determined due to fa11ure of navigation equipment, and line 21
was found to be lon ice that was mostly. grounded. Those lines were excluded
from -our analysis, except for descr1pt1on of the types and settings of
structures found. Along the remaining 22 search lines, totalling 77 km, the:
dogs found 115 structures, an average of 1.5 per linear kilometer (range 0.7
to 2.8/km). The{h1ghest relative densities of structures occurred -in eastern
?orto? Sound (predominantly breathing holes) and near Peard Bay (predom1nant1y
- Tairs _

4 (3%) were in ice ridges and cou]d not be
_ 0f the remaining 115, 40 (35%) were lairs
and 75 (65%) were breathing holes. There were major reg1ona1 differences in
the types of structures found (Table 14). In Norton Sound, lairs composed
only 22% of all: hdent1f1ed structures, compared to 54% a]ong the northwestern
Seward Pen1nsu1a and in southern Kotzebue Sound, 15% in northern Kotzebue
Sound, and 58% in the northeastern Chukchi Sea. : : :

Of the 119] structures,
excavated and classified by type.

: The 2 regions with small proport1ons of 1a1rs were characterized by
re1at1ve1y flat [(less than 10% deformed) ice that.was largely blown bare of
snow. In Norton/ Sound, this condition was the result of newly formed ice that
had not been subjected to ridging or extensive snow accumulation by the time
of our surveys.| In northern Kotzebue Sound the ice had remained re]at1ve1y
flat with 11tt1e snow accumu]at1on, even though it had been in place since
freeze -up, wh1ch occurred in late October.

0f the 115 identified structures, on1y 4 had been abandoned or altered.

A11 abandoned structures were lairs. There were no indications, either from
s1gn inside 1a1rs, or by the presence of lanugo (wh1te hair from newborn pups)
“in fox scats, that ringed seal pups were born prior to termination of this
survey on 15 March. We did not find any indications of ‘successful predation
on ringed seals by either arctic foxes or polar bears in the areas of fast ice
we surveyed. Based on the findings of this extensive coastal survey, a site
suitable for intensive study was se]ected in southern Kotzebue Sound, in the
vicinity of line number 19. _




Results of'searches for

ringed seal structures on landfast ice

36

Table 13.
between southern Norton Sound and Peard Bay, 22 February to
15 March 1983
l
v f “tlLength of N
. Line P search 1ine ' Number of ‘Structures/ Percent
Date no. Location | (km) structures linear km lairs
. | :
. l
~ Feb. 24 1 lsaacs Pount 3.5 . 8 . 2.3 62
25 2 | Egg ls]and 4.8 ‘ 9 1.9 - 1
25 . 3 Stewart Is]and 2.6 7 2.7 0
26 4 Norton Bay 2 ) - S0
27 5 Sledge Island 3.5 8 2.3 25
28 6 Cape Nome 2.3 4 1.8 0
Mar. 1 7 Bluff 1.8 | 5 2,8 20
2 8 Port Clarence 5.0 4 0.8 0
3 9 Tkpek 4,0 5 1.2 0
3 10.  Ikpek | 1.3 1 0.8 100
4 11 - Shishmaref 6.3 9 1.4 66
7 12 Kotzebue Sound 1.8 2 1.1 0
7 13 Kotzebue Sound - 1.6 2 - 1.2 50
7 14 Kotzebue Sound 1.6 2 1.2 ‘50
8 15 Chamisso Island 4,0 6 1.5 " 50
9 16 Cape Espenberg 1.8 -2 1.1 0
9 17 E. Kotzebue Saiind 8.2 ‘ 6 0.7 17
9 18 E. Kotzeblie Sound 6.8 . 6 0.9 0
10 19 Deering 5.0 ' -10 2,0 70
10 20  Choris Peninsula . 4.3 | 7 1.6 43
N 21 Kotzebue 5.6 , 2 . 0
13 22 Cape L1sburne : 2.6 ! 3 1.2 33
15 - 23 Peard Bay1 3.7 9 2.4 66

* Search line was found toibe on extensivel

}

|

fferences in

y grounded ice.

~3

l
|
|
1

. — ‘ »
Line numbers correspond‘to those indicated in Table 13 and Fxgure 6.
Does not include 4 unidentified structures.
Does not include lines 4 and 21.

) |
Table 14. Regional di 1 kinds of r1nged seal structures found on
~ landfast ice from Norton Sound to Peard Bay, 22 February to
15 March 1983. i
-
i . ) k Proportxsn of .
. Line; 1D Number, of lairs Length of 4 Structures/
Region numbprs strucﬁures N. % lines (km) km searched
1 ! ) ' ,
y _
I l
E. Norton Sound . 1-4 ‘2? 7. 27 10.9 - 2.2
N. Norton Sound 5-8 21 3 16 12.6 1.7
NW,. Seward Peninsula 9-1h 1?‘ 7 50 11.6 1.3
S. Kotzebue Sound 18, 1?-20 23 13, 57 13.3 1.7
N. Kotzebue Sound 12-14, » 3 . ‘ :
- 16-18, 21 z% 3. 15 21.8 . 0.9
Cape Lisburne z%v .? 1 33 2.6 1.2
_ Peard Bay 23 9 6. 67 . 3.7 2.4
b ! ‘
1 |

; . . .
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Alaska, 22 February - 15 March 1983.
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lthe designation of lines represented
correspond to those in Table 13.
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Numbers indicate -
by each circle and
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D. Seal Structure Studies - Kotzebue

|
o .

Grid Descriptions . - -f

Sound Fdst‘Ice) 1983

In 1983, we estab11shed 2 rectangular-shaped study grids on the fast ice

of southeastern Kotzebue Sound

'approx1mate1y 24 nm northwest of the
in Figure 6), along a long, linear, |r
- shore. Water depth was 14 m near
thickness in ear]y April was approx1ma

2 grids and the ice cond1t1ons were qu1te variable.

about 35% with an averagel relief of 60

west by a large (90-275 m wide) refrozen lead.:

lead ran north to south through the
exception of a few extens1ve f]at
characterized by small, flat pans in

rubble and some larger pressure ridges

Grid 83-2 was located about 4 km} g
’ Pen1nsu1a, near survey line 15 (Figure
the ice was 120-130 cm thick in late
considerably flatter than in Grid
10%-20%, and average relief of 30- 60
extensive flat areas surrounded by irr

(Th

throzenscrack which extended almost to

83-1,
cm.

ble - 15). Grid 83-1 was Tlocated
illage of Deering (near line 19, shown

and the ice
This was the larger of the

Overall deformation was
The gr1d was bisected east to
Another smaller perpendicular

he center of the grid,
ely 102 :cm

-90 cm.

western end of the grid.
areas (>400 m wide), the grid was
terspersed among 1arge fields of low
or areas of jumbled ice.

ffshore from Point Garnet on the Choris
6). Water depth was from 11-13 m and
April.' The ice within Grid 83-2 was
with- overall deformation about
In general, the grid consisted of
egular pressure ridges of low relief.

The .southwestern edge of the grid was}bordered‘by an- extensive flat expanse of

undeformed ice with very 11tt1e snow Cd
.m1n1ma1, except near pressure r1dges wh
: 1
Both gr1ds were worked ma1n]y in
winds exceeded 10 knots on only 3 or |4
than 5 knots; our -most persistent prob
~difficult for the dogs tojdetect’seaﬂ
Search Effort and Biases |
: : !

Two dogs; Clyde and Char11e, we
structures in 1983. Since the pos§1
search in a somewhat d1fferent mann
particular type of structure or work

:r’

ver.
ere drifts had formed. o ;

light w1nds Between 5 and 29 April,
days. In general, wind speed was 1ess
Tem was the lack of w1nd “which made it
tructures. :

re used to conduct searches for seal
bility existed that the 2 dogs might
be more effective at detecting a
d1fferent1y under certain env1ronmenta1

cond1t1ons we- tested for such potent1a1 biases.

, The mean and max1mum distances fr
detected structures were similar.
125 m for Clyde and Charlie respectiye
Grid 83-2. Although the mean distanc
maximum distance of detection was |a
Structures were detected at over 600
Grid 83-2. This may have been attri
which affected odor strength; on Grid’
many lairs were collapsed and exposed.

The dogs were also similar in th

om the search line at which the 2 dogs

Mean distances of detection were 134 m and

1y on Grid 83-1, and 154 m and 147 m on
e was greater on the second grid, the
pproximately 60% less for both dogs.

m on Grid 83-1, and up to 400 m on
butable to weather or snow conditions

83-2 the snow and ice were very wet and

;
i

| ' L
eir success at finding seal structures

38

With the-

Snow cover on the grid itself was

under different wind conditions. Although Clyde found 16% more structures per
“mile searched on Grid 83-1 than did Charlie (probab]y because Charlie was less
experienced), the difference was simillar at a]] w1nd speeds and wind angles

_____

—



39
. 3}55*".?~-‘ ,u,._{\b
Table 15. Gkids searcheg for seal structures in Kotzebue Sound Alaska,.
' April 1983.
: : . Distance
, Dates Center po1nt Area from shore
Grid # searched | of gr1d (km2) - {km) Comments
83-1  5-22 Apri]  66°12.4'N B
' : 163°09.3'W 27.37 14,8 Two large, perpend1cu1ar, refrozen
leads running through. Diverse
ice conditions including some
extensive flat areas, mostly
intermediate 60-90-cm relief, some .
areas with relfef to 200 cm and
. large deep snow drifts.
83-2 25-30 April 66°19.0'N :
: 162°01.0'W - 5.87 3.7 Generally low relief with rubble:

field at one end. Many flat
areas divided by low pressure
ridges. CGrid- adjacent to very
extensive flat ice. Melt - well
advanced when this grid was
worked. ,
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(Table 16) w1th no 1nd1cat1on that e1ther dog was cons1stently more successfu1

under particular conditions.
df =

The dogs similarly showed no bias (G
4, p > 0.,05) in the<types of structures they located, each dog f1nd1ng

0.919,

about the same proport1ons of breathing holes and lairs (Clyde - 29% breathing

holes and 70% 1lairs, n =' 141;
n 105). Overall, for: both dogs |c
“kilometer searched for al} wind speeds

The percentage of structures inle
corresponded closely to the percentag
category (Table 17).. For example, for
of -the kilometers searched and 49% io
9-km/hr winds; 36% of both k1]ometers
winds; and 5% of both kilometers and st
‘Similarly, 66% of the kilometers searc
wind angles <50°. This suggests that
may be better than others |for searches,
moderate wind speeds and a]] angles bet

In 1983 all maJor gr1d lines were
the 1line. In addition) some 1lines
perpendicular cross lines were searche
~ the grid were found. For the 2 gr1
searches of the same 11ne (n'=27) were

Numbers and Distribution of Structures-

In 1983, 235 seal structures were
those were found on Gr1d 83-1 and 50
structures on Grid 83- 1»cou1d not be
density of structures on Gr1d 83-2 (8
(6.8/km2), Breathing holes and complex
the second grid, whereas simple lairs
were different, breath1ng holes mad
structures on Gr1d 83-1 (34%) and Gr1d
simple and complex 1a1rs* however, d11
up 45% of all structures on Grid 83- P
complex and pupping 1a1r5<made up 20%
on Grid 83-2. The proport1ons of diffe
were significantly different (x2 =
Grid 83-1 the ratio of s1mp1e lairs to
was approximately constant througho
accounted for 69% of all 1a1rs during
nine. A similar result was obtained|w
portwon lasting 12 days and a second 1

Grids were a]so treated as gr
examine within-grid var1ab111ty In
‘lairs made up 28%-59% of\structures
83-2 blocks. Comp]ex ]anrs ranged

Gr1d 83 2 (Tab]e 19)

0
l

fl

> jdentified as to type.

ut the
the first 9 days and 71% during the last
hen the period was divided into a first
asting 6. :

ups of adjacent blocks

Charlie - 32% ‘breathing holes and 67% lairs,

ombined, the .number of structures per
and wind angles ranged from 1.0 to 1.9.

\ v
ach wind speed and wind angle category
e of total distance searched in that
both dogs and both grids combined, 48%
f the structures found were in 0- to
and structures were in 10- to 18-km/hr
ructures were in 19- to 27-km/hr winds.
hed and 65% of the structures were at
despite the percept1on that some winds
the dogs were equally effective at all
ween wind and search 11nes

searched at least once on each side of
were ‘searched more than once and
d to ensure that all structures within
ds, 56%: of the structures found on 2
found on the, first search

located" w1th1n the study grids: 185 of
on Grid 83-2 (Table 18). Two of the
The overall
5/km2) was 25% higher than on Grid 83-1
lairs occurred at greater densities on
ere less abundant. Although densities
up a similar proportion of total
83-2 (38%). - The relative abundance of
fered considerably. Simple lairs made.
but only 22% on Grid 83-2. Conversely,

[0

of the structures on Grid 83-1, but 40%
arent types of structures on. the 2 grids

17.5763, df 4, p < 0.005). Within
comp]ex lairs (1nc1ud1ng pupping lairs)
study period. Simple 1lairs

(2.6 km2), to
the 9 blocks within Grid 83-1, simple
compared to 20% and 23% in the 2 Grid
om 6%-34% on Grid 83-1 and 37%-45% on

|
|
|
|
!
|.
|
{




Table 16. Influence of w1nd on the number of sea] structures found in Kotzebue Sound, April 1983.
o A. Wind speed. ' B. Wlnd angle to search line.

A, Wind speed

. et . Clyde : _ ‘ Charlie _ . Both dogs combined ‘
. » ‘ - . structures/ structures/ ' ‘ structures/
Km/hr # km # structures . km # km - # structures km . # km' # structures km
0-9 36.7 52 1.4  23.8 31 1.3 60.3 - - 83 1.4 -
10-18 27.0 37 1.4 24.9 30 - 1.2 52.0 -~ 67 1.3 T
19-27 - 3.7 -5 1.4 3.2 5 1.6 6.9 - 10 S Y
28-36 3.7 . 7 1.9 8.0 6 - 0.8 1.7 - 13 1.14
37-45 ~ 0.0 0 0.0 3.2 6 1.9 3.2 6 1.9 -
Total '70.8 101 1.4 163.2 78 1.2 1341 179 1.3 5
------------------------------------------------------------------------------------------------------------------------------------------ .
B. Wind angle to search line _ . _ : o T
Clyde ) _ Charlie . Both dogs combined = % =
: : S structures/ - ' structures/ o ' structures/
Wind angle # km # structures km . # km # structures km - # km # structures km
0-10 5.6 12 2.1 8.5 12 1.4 14.2 24 1.7
>10-20 2.4 3 1.3 3.2 4 1.3 5.6 7 1.3
>20-30 19.3 25 1.3 21.4 17 0.8° 40,7 42 1.0
>30-40 2.4 4 1.7 4.8 8 1.7 7.2 12 1.7
>40-50 10.5 8 0.8 13.4 17 1.3 .23.8 25 1.1
>50-60 14.5 22 1.5 6.4 1 1.7 20.9 33 1.6
>60-70 3.2 6 1.9 0.0 0 0.0 3.2 6 1.9°
>70-80 9.3 14 1.5 0.0 0 . 0,0 9.3 14 1.5
>80-90 . 3.7 7 1.9 5.6 9 1.6 - 9.3 16 1.7
70.8 101 1.4 63.3 78 1.2 134.1 179 . 1.3

Total

8%




3

42

Table 17. Re1ationship'betweeh seprth effort (% of all kilometers -
- searched) and the percept of structures found for various wind

categories.! A. Wind speed. B. Wind angle.
A, Wind speed . )
) i
Grid 83-1 Grid 83-2- _ Combined
Km/hr % km % structures km % structures % km % structures
. 3 i . . . .
0-9 45 46 61 59 48 49
10-18 39 | 37 27 ‘ 30 36 36
©19-27 5 ‘ 6 2 ' -3 5 5
. 28-36 . 9 | 7 10 { 8 9 . 7
37-45 2 ! 3 0 . 0 2 3
. I r
-----------------_---------7 ............... e eccded e cccrceiccccccmecmmccccceccne———————
| | -
B. Wind angle to search line
|
: . Grid 83-1 Grid 83-2 Combined
Wind angle % km g structures km % structures = % km % structures
X . I . .

0-10 1 L3 2 3 9 12
10-20 4 | 4 22 22 8 7
20-30 30 .23 20 24 28 24
30-40 5 i 7 12 27 -7 10
40-50 18 i 14 -0 0 14 12
50-60 16 | 18 0 0 13 15
60-70 S 2 L 3 0 0. 2 3
70-80 7 i 8 39 19 13 10

- '80~90 .7 I 9 5 5 . 7 .8
-

[ |
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Table 18. Dens1ty (number/km?) of r1nged seal structures for 2 grids 1n
Kotzebue Sound April 1983. _
i _
: | Density/km?2
' - complex/
: Total # = breathing simple pupping
Grid Area (km2) structures holes Tairs. lairs  unknown total.
: i : ~ ;
, % | | | S
83-1  27.4 | 185 2.3 3.0 1.4 0.1 . 6.8

83-2 5.9 50 3.2 1.9 3.4 0.0 8.5

}
1
|

Table 19. Number of identified ringed seal structuresl1n blocks (2.6 km?)
w1th1n grids in Kotzebue Sound, April 1983. ' :

Complex and

Grid Block Breathing hole Simple lair  pupping lairs Total o |

30
19
14
29
23
14
17
16
21
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Although 185 structures were found w1th1n Grid 83-1, 2_of them could
not be identified as to. type o o .




The - d1stances between structures
grids (Table 20).

‘smallest mean distance between structures (x =

134 m for Grid 83-2). Jhe mean d1s

lairs, and complex lairs were proportwonate]y smaller (6%-27%).

pupping lairs were over tw1ce as far
were on Grid 83-2 (x =51 m), where
densities (1.4/km? vs. 3.A/km2) ?

1

More structures occurred in "groups
structures! of Grid: 83-1 occurred: within 75 m of

Nineteen percent of alll.
another structure, compared to 40% an|’
group size was 2, but onjeach grid th
3, 4, and 5 structures Most pairedis
of 2 nearby lairs.

were compared for both Kotzebue Sound

Grid 83- 2, with the highest density of structures, had the

172 m for Grid 83-1 vs, X =
tances between breathing holes, simple
In contrast,
apart on Grid 83-1 (x = 113 m) as they
they occurred at significantly higher

in Grid 83-2 than in Grid 83-1.

Grid 83-2 (Table 21). The most common
ere were single incidences of groups of
tructures (12 of 15 instances) consisted

F1ve of 6 groups that 1nc1uded more than 2 structures

consisted of at least 1 breathing hole and multiple lairs, of which 2 and

sometimes 3 were pupping lairs. Most

groups of lairs were found in areas of

- somewhat h1gher relief, greater deformation, and many very large, 1ong drifts

of deep snow. ' ‘

Character1st1cs of Snow,!lce, and Seal

Structures

: Percent deformat1on, average rel
- were recorded for each structure we}]
for each of these 3 parameters wer
greater for simple  and complex 1a
(Table 22). This trendjwas very con
~early in the season.
approximately 30% greater than for bre
over 90% greater.
~.late in the season after imuch of the!s
topography look quite d1fferent

- Ice deformation and}re11ef were
for the different structure types
70-95 cm relief. In contrast Grid 83
and ‘mean relief of 55-61 cm. Depend1
was 12-30 cm greater on‘Gr1d 83-1.
portion of the difference was due to
by the warm weather and ra1n that occu

Dimensions of breath1ng holes’ an
be expected, on both- gr1ds the d1ame

“than the diameter of breath1ng ho]es.

Minimum he1ght of. act1ve

1
S1mp1e lairs were sma]]er thaJ
and .pupping lairs. (F =118.62, df;
single oval or c1rcu1arychamber with
162.8 cm and mean width of 112.2 cm|(p =
of pups were smaller than pupping lai
a mean length and width of 235.4 andl]

measurement.

[

pupping lairs were 302.9 and 184.9 cm (n = 25)

was a pupping lair found(

Tong and consisted of at

outside Grtd
least 9 chamt

ief of the ice, and maximum Snow depth
ocated. i ‘In most instances, mean values
o least, for breathing holes,. somewhat
irs, and greatest for pupping lairs
sistent jon Grid 83-1, which was worked

Mean ice deformat1on and relief for pupping lairs were

athing holes, and maximum snow depth was

' There{was more variability on Grid 83-2, which was worked

now cover had melted, making the general

greatest on Grid 83-1, with mean values
ranging from 22%-29% deformation and
-2 had mean deformation values of 8%-19%
ng on structure type, maximum snow depth
It was difficult to estimate what pro-
melting and settling of the snow, caused
rred while Grid 83-2 was being studied.

d lairs are given in Table 23, As would
ter of access: holes to lairs was larger

Height was the least variable lair
lairs was 20 cm.

omplex (F = 46,04, df =1, p 0.0001)
= 1, p < 0.0001). They cons1sted of a
mean length for both grids combined of

94),, Complex lairs with no evidence
rs (F =9.54, df = 1, p < 0.005) and had
37.3 cm (n = 29). Comparab]e values for
The largest lair we measured
83-2 on 25 Apr11 This lair was 641 cm
DErs. '

»




~ Table 20.
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Distance betwéen.. r1nged seal; structures (m) on 2 grids in
Kotzebue Sound, April 1983. -
- Lairs -
. Breathing holes simple complex  pupping A1l
|t : '
Grid 83-1
MEAN {202 163 159 113 172
RANGE i1- 413 1-425 1-359 1-359. 1-425
S.D. 1 101 107 100 - 127 108
N 63 83 23 14 185
- .Grid 83-2
MEAN - 1190 128. 145 - 51 134
RANGE 12-330 1-285 1-420 2-268 11-420
S.D. 97 97 157 . 74 113
N 19 11 7 13 50
Table 21. Occurrence of r1nged seal structures in groups of different
sizes on 2 grids in Kotzebue Sound, Apr11 1983.
_ _ Grid 83-1 Grid 83-2
Group size # groups .# groups
1 151 30
2 11 4
3 1 1
4 1 1
5 1 1
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Table 22. Characteristics of snow and ice on 2 grids in southeastern
~Kotzebue Soynd, 1983. . ‘
Type of structure
. f ) C—
: breathing simple complex pupping
Crid Parameter Statistic holes lairs ” lairs lairs
831 lce deformation (%) Mean 22.1. 25.8 26.1 28.9
' . o Range 0-70 10-60 10-80 10-80
i s.D. 15.4 13.8 12.9 18.8
| N 62 83 23 14
Relief (cm) i Mean 70.1 79.2 " 79.2 9,5’
f Range 0-183 . 30-183 61-152 61-152
| s.D. 33.5 27.4 18.3 27.4
| N 63 - 83 23 14
Snow depth (cm) | Mean | 46.4 734 77.9 89.2 .
o L Range! -2-85 35-120 58-110 75-132
[ s.D. 19.8 18.6 15.6 16.7
\ N 62 83 23 14
, | . ,
- 83-2 lce deformation (%) Mean 18.7 12.7 8.3 - 9.6
{ - Range}  5-70 5-40 5-15 5-15
‘ © 8.0, | 18.2 11.7 2.6 3.8
| NT 19 11 6 13
Relief (cm) Mean | 579 57.9 61.0 54.9
Range 30-122 30-91 30-122 30-91
s.D. 21.3 21.3 39.6 18.3
; o . N 19 11 6 13
Snow depth (cm) i Mean | 34.8 54.0 48.3 62.3
! Range 18-65 39-74 35-70 61-64
i s.D. 4.4 14,9 11.7 1.5
N 7 6 3

|

3
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Table. 23. ,Dimens1ons of ‘seal-made structures on 2 gr1ds in southeastern
‘ Kotzebue Sound 1983
Type of structure
‘breathing " simple complex pupping
Parameter Statistic =~ holes lairs lairs lairs
Diameter of hole (&m) Mean 130.6 47,4 61.9 57.6
' Range 10-67 21-105 25-120 - 20-106
s.D. 13.5 20.9 30.4 26.4
‘N 76 55 21 23
Length of lair (cm) Mean - 162.2 235.4 : 302,9.
‘ ‘ Range - 65-303 150-496 170-509
s.D. - - 44,2 67.5 92.2
: N - =1 29 - 25
Width of Tair (cm) Mean - 12,2 137.4 184,9
‘ Range - 40-224 73-348 94-348
s.D. - 30.3 39.6 58.4
‘ N - 9% 29 25
Height of lair (cm) Mean - 33,2 . 33.4 36.4 -
,' Range - 20-63 20-50 '27-52
S.D. - 8.6 8.3 7.0
N - 52 21 21
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The'lengths of lairs remained similar throughout the study period. We

tested the slopes of regression lines
and found no significant trends (pl>
pupping lairs did increase as spring!p
Tength on the last 4 days (170-509| ¢
regression. If measurements of the!4
was significant (F =
pupping lairs but were part of "lain
other very large pupp1ng Tair, or 1in
than 1 week old) pup born cons1derab
“range in lair size suggests an extende

9.06, p < 0.01).

for date vs. -length for the 3 lair types
0.25), although the average length of
rogressed. The wide variability in lair
m) undoubtedly precluded a significant
smallest lairs were deleted, the trend
These small lairs were not primary
complexes" which contained at least 1
one case contained a very young (less
y after the mean birth date.
d pupping period.

In order to 1nvest1gate the efﬁect of ice topography on the distribution
of structures, Grid 83-1 was subdivided into 144, approximately 400-m2 blocks

and each block was c]ass1f1ed as f1at
and <5% deformat1on) or rough ice. Se

rough ice.

showed 56% more structures per block
(Table 24).

whereas Tlairs, in aggregate, ‘were

characterized by rougher ice and greater snow depths.

(>50% of the .surface with <0.3 m relief
venty-four percent of all blocks were in

A comparison; of the 1nc1d=nce of structures in rough and flat ice

(1.39 vs. 0.89) in the rougher areas

Breathing ho]es were tequally abundant in. both types of- ice,
over twice as abundant

in the blocks
The difference was

greatest for complex and pupping lajirs, which together were 3 times more

common in rough areas. In total, 70%
were lairs and 30% wereabreath1ng ho1
where 50% were lairs and 50% breath1ng

v
'
j
I

Fox and Bear Act1v1ty

Arctic and red foxes (Vulpes vu1

of all structures in blocks of rough ice
es, in ‘contrast to b]ocks of flat 1ce,
holes. '

es) were uncommon in and near our study

grids during April 1983, as ev1dence
Only 6 structures (3%) qn Grid 83- lkt
been dug into and 1 other was marked
pup hair). Five of the '6 structures
no evidence of a pup, and none showed
of these were completely refrozen,
breathing holes), and 1 ‘was unalter
April, was a pupping lair where a ki
the snow above the lair,: blood 1ns1de
near the access hole. <The access|
About 15 m away the dog found a dead
umbilicus was still attached but shru
was at least severa] days old.

Sign of foxes was not obvious jon Grid 83-2

that it would have been d1ff1cu1t to

d by very few fox tracks in the area.
ad any sign of foxes: 5 structures had
with fox scat containing lanugo (white
visited: by foxes were simple lairs with
any evidence of a successful kill. Two
2" were altered (being used only as
ed. The sixth structure, found on 12
11 had occurred There was fox scat on
the lair, and pieces of frozen placenta
hole was neither refrozen nor altered.
seal pup with the snout bitten off. The
nken and wh1te, indicating that the pup

but the snow was so0 melted

see tracks. The forelimb of ‘a dead seal

" pup was found on top of an ice r1dgeVnear th1s gr1d

1
|

There were no signs indicating

grid.

the presenceiof polar bears on either

The wide

. . H . L




ETHEH I B W & & & & I O I W

Table 24. Dist
' on 4

49

~1but1on of sstructures An Jrelation to ice topography, based
)0- m2 bl1ocks within Grid 83 1, Kotzebue Sound, April 1983.

Flat ice Rough ice

“(n_= 37 blocks) (n = 107 blocks)

#  #/block - 4 #/b1ock
Breathing holes 17 046 45 1 0.42

~ simple lairs 12 032 71 0.66

Complex lairs 2 0.0 - a 020
Pupping Tairs | 2 005 - 12 0.1
Total structures 33 0.89 149" ¢ 1.39




Alteration of Structures

At the time seal structures were
classified as open, a1tered or ref
breath1ng holes, no matter how small, t
lairs in which the hole was large enou
not caved in, -and there were no icic]
access to the lair chambers Lairs wer
was frozen to a constr1cted diameten
through, or if the roof was caved injo
‘a seal to enter the chamber. On both
rate (a]tered and refrozen) was 25%[(
was for pupping lairs,. of which only
refrozen. In contrast, 41% of allls
refrozen (x2 = 12.9493, df =1, p< 0 Q

Grid 83-1 was traversed by and 1%1
served as an ice road dur1ng our stay,

-to and from all grid 11nes It was

planes, the main route to shore, an
tested. -~ Consequently, |vehicle tna
considerable. We compared the inci

structures adjacent to the heavily us
grid which had far less vehicle traff1
structures along the ice road (w1th1
altered or refrozen, compared to 239

difference was greatest for simple 1a

compared to 34% elsewhere, were altered or refrozen.

be attributed to a d1fference in fpv
inherently different alteration:rates ¢
with approx1mate1y the same frequency
grid. A comparison between the most
with the port1on that rece1ved the| 1
alteration rate in the heavy -use area.
high-use section (n = 24) compared to

altered or refrozen.

50

foundgand first examined, they were
rozen. ; Open structures included all
hat were not completely frozen; and all
gh for a seal to haul out, the roof was
es hang1ng from the roof that blocked
e considered altered if the access hole

which ,prec]uded a seal from passing
r had built-up ice which did not permit
grids comb1ned the overall alteration
Table 25) The lowest alteration rate
1 of 27:(4%) was altered and none were
1mg]e lairs (N = 94) . were altered or
101

d out along a wide, refrozen lead which
This road was our primary travel route
also used as the airstrip for supply

d the place where snow machines were

ffic and the associated noise was
dence of altered and refrozen seal
ed ice ‘road with the remainder of the

c (Table 26). Forty-one percent of all
n 200 m of it, on either side) were
, on the remainder of the gr1d The
irs; 67% of those along the ice road,
The difference could not
oport1on of structure types or their
since breathing holes and Tairs occurred
along the ice road as elsewhere in the
heavily' used portion of the ice road,
east traffic, also indicated a h1gher
Forty-six percent of structures in the

20% (n = 5) in_the 1ower -use area were
{

!

E. Seal Structure Studies - Cape Lis
|
|

Gr1d Descr1pt1ons

In spring 1984 5 rectangu]ar -sha
ice near Cape L1sburne (F1gure 7). Gn

Grid 84-4 was 43 km east of the Cape"

somewhat different ice ‘cond1t1ons a
(Table 27). Grid 84-5 was 2-4 km east
{

A1l grids were worked in light
knots). Between 3 April and 7 May the
As in 1983 in Kotzebue Sound light an
our most persistent problem. = -

: s

)urne’Fast Ice, 1984
’ T

L

ped study grids were established on fast
ids 84-1 to 84-3 were 56-65 km east and
Lisburne NORAD facility. Each was in
nd at different distances from shore
of the Cape Lisburne faci]ity.

to moderate winds (almost a]ways <10
> wind exceeded 15 knots on only 4 days.
d var1ab]e winds less than 5 knots were

»
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of Gr1d 83-1, Kotzebue Sound, Apr11 1983.
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- Table 25. Proport1on ofiidentified ringed:.seal structures that were
: ' altered or refrozen on 2 gr1ds in Kotzebue Sound April 1983.
B A1téred Refrozen
Grid Strucpure type n # %
83-1 Breathing ho1e" 63 n/a - 8 13
_ Simple lair 83 22 27 - 11 13
Complex lair 23 4 17 2 9
Pupping lair- 14 1 7 0 0
i v Sl :
- Total: 183 27 15 21, 11
] |
83-2 Breathing hole 19 n/a - 4 21
-Simple lair 11 2 18 4 36
Complex lair 7 1 11 0 0
Puppﬂng lair 13 0 0 0 0
Total 50 3 6 8 16
]
Tab]é'26. A]terat1on of sea] structures along an ice road and in the rest

- v ot e e g e

ATtered ok refrozen

Ice road

Remainder of grid

n 7 % n F %
Breathing ho]ef io 2 20 53 6 11
- Simple lairs F 15 10 67 68 23 34
Complex and pubp1ng _ '
lairs . | 4 0 0 33 7 21
Total 29 12 41 154 36 23




166 165 164
: % =
69 A “"Bg
. 1 _ cAPE_ )
' LISBURNE
45 + :"" 68 45
164

Figure 7. Location of 5 study grids'near Cape Lisburne, April-May 1984.
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~Table 27. Descr1pt1on of . gr1ds searched for seal structures near Cape
Lisburne, Alaska, April May 1984,
: Distance
Dates Center point Area from shore
Crid# searched of grid - (km?2) (km) " Comments
84-1 6-19 Apr. 68°56.6N - Fair1y uniform ice conditions
' 164°34 .5W 10.92 3.0 with one moderate pressure
' ridge (to &4 m high).
Otherwise relief to 1.5 m but
' mostly 0.6~ 0.9 m.
84-2 17-26 Apf 69°00. 8N . Seaward of large pressure
. 164°29,1W 5.32 10.4 ridge. Several small-medium
: ' height ridges (2.4-3,0 m) and
much jumbled ice, 'Otherwise
relief to 2.1 m, mostly
_ ) 0.6-1.5 m.
84-3 24 Apr- ; 68°58, 1N . o : Just west of large area of
' 3 May 164°44 ,9W -5,43 7.4 flat ice and inshore from
o large pressure/jumble ridge.
Relief to 2.4 m but mostly
. 0.6-1.8m,
8l-4 30 Apr-. 68°54 5N ' g " Inshore of large
7 May 165°01.6W" 5.56 3.1 - jumble/pressure ridge up to
: : 6 m high, Within grid relief
variable, up to 3 m but mostly
0.9-1.2 m, Some fairly small
, flat areas. . .
84-5 8-12 May  68°53.3N Just offshore from flat shore
166°01.5W 3.40 1.9 ice and inshore from large

pressure ridge, Relief to
2.1 m, mostly 0.6-1,5 m,
Offshore from Cape Lisburne
dump, 2-4 km east of NORAD
facility.
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Apr11-ear1y May 1984 was unusually cold in the Cape Lisburne area. Snow
conditions that were 1dea1 for working the dogs and for maintaining seal lairs
preva11ed until the second week of May. Daytime temperatures ranged from
-42°C in early Apr11 to!-2.2°C in ear]y May.. This was in sharp contrast to
temperature regimes in Kotzebue Sound dur1ng spring 1983, where extensive
settling of me]ting snow\and col]apse of lairs occurred in late April.
!

Search Effort and Biases
%

The 2 Labrador retr1evers (Clyde and Charlie) that were utilized in 1983
were again used during our studies {near Cape Lisburne in 1984. As in 1983
. (see Section D), the results of field work in 1984 indicated that the dogs
performed in a comparable manner. There were no differences in the types of
seal structures found by either dog within the 5 grids searched (x2 = 1.21,
df = 3, p > 0.05)." S1mp1ar1y, there were no significant differences in the
number of structures found per k1lometer of| search line by either dog when
lines were searched for the f1rst t1P€ (Table'28).

Performance of the dogs in d1ffev
1984 since (1) cond1t1ons were re1at1\

ent w1nd conditions was not evaluated in
ely constant throughout the study period

and (2) analysis of" 1983 data 1nd1cated'no difference in performance of the
dogs under any cond1t1ons that were considered satisfactory for working.

~ In conducting grid searches, it

of the structures present are found by the dogs.

- in 1984, we compared lines that were
~.dogs (Tab]e 29).
.lines, 73% (65%-82% range) were found
searched more than twice. On 9 of th
of the structures (n = 39) were foun
and 10% on the third. Three lines
structures (n = 17) were found on th
third, and 12% on the fofrth.

ere runid times each:

S d1ff1cu1t to determine what proport1on

searched twice by the same or different

of the total structures found on 32 pa1rs of replicate

on the. first search. A few lines were
se wh1ch were run three times each, 67%
on the first search, 23% on the second

65% of the total
first run, 6% on the second, 18% on the

For 4 of the 5 grids worked

The eff1c1ency of first-time se
by comparing total structures found
after each major grid line was searc
major lines are tabulated, assuming
entire 400 m between 11nes, the propo

arches can be derived somewhat differently
on grids to the number of structures found
hEd once. If data from only 1 side of the
that the dogs could effectively search the

tion of total structures detected on the

first search was 41% (mange 39%-44%). If. effective strip width was more
conservatively est1mated at 200 m, tHen it was necessary to search both sides
of a line (under d1fferent wind cond1t10ns) in order to achieve "complete"
coverage of an area (i.e., ‘to completely cover the area between 2 adjacent
grid 11nes, the dogs searched the left side of one and the right side of the
.other). Of the total structures found, 60% (55%-78% within individual grids)
had been located after all lines were searched once on each side (Table 30).

This is similar to tHe 65%-67% determined by .comparing 1lines that were
searched 3 to 4 times, suggest1ng that 60%-70% may:be a reasonable estimate of
the proportion of structures detected on a once-only search of a 200-m strip.

The procedure we uﬁed to attempt to find all seal structures within a

grid was to repeat searches of primary lirnes or to search secondary lines
until no undiscovered structures we"e 1ocated

. ) i -
. . . ; . .
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" Table 28. Numbeh of structures found per 1inear kilometer searched for the

firsit time for 4 grids near Cape Lisburne, April-May 1984,

Clyde | Charlie

Grid o _ F km # struct struct/km # km # struct struct/km
841 | 15.0 17 1.1 246 33 1.3

s4-2 | 19.8 24 12 3.2 4 13

8-3 . | 1.2 T 1.0 9.7 - 13 = 1.3

84-4 17.7 28 1.6 0 o 0
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Table 29. Comparison of the proportion of étructures found on multiple

searches of the same line for study grids near Cape Lisburne,
-Apri1-1984, ' Lo - '

_ Search 1 Search 2
4 of Fof|| . . ¥of
Grid ~ Tines ) structures = 7% . structures = %
84-1 13 2% | e 12 - 32
g2 6 18| & 4 18
84-3 7w 81 4 19
84-4 6 5| e . 8 3
- _ ' . o

Total - 32 . | 76 || 713 28 27

i

f

Table 30.  Comparison of numbek of structures found on first searches of
' primary grid Tines vs. {total structures found on all searches
combined for 4 grids near Cape Lﬁsburqe, April 1984.

+

!

- Total . _— First search | - Both
Grid - all searches 1° side . 2% side _ number percent
84-1 92 - 36 f 18 - 59
g2 36 1é' 12 28 78
81-3 47 | 6 2% 55
g84-4 60 - 2L, e a5
| IS

. ) ; . ..
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Numbers and DiStr13ut1on of Structures

The five gr1ds searched in 1984 had a total area of 30.6 km2 Within
those grids, 247 sea]-made structures were found, of which all but 2 were
identified to type (F1gure 8). The average density of structures for all
grids was 8.1/km2. The area of Grids 84-1 through 84-4 was 27.2 km? and
within that total|area 235 seal-made structures were found for a density of -
8.6/km2, Grid 84- F had a much Tower dens1ty of 3.5 structure/km2,

Grid 84-5 w111 not be included in further d1scuss1ons of density,
although it will be included in discussions of structure composition, fate of
structures, and predation. That is because Grid 84-5 was located within 3 km
of the Cape L1sburne dump. Refuse was continuously burned and debris and ash
were blown over the search grid. Add1t1ona11y, heavy equipment was used to
haul trash to the dump and to move it within the dump. Noise, odor, and
debris (that cont1nuous1y became 1ncorporated into the changing snow cover)

-~ may have caused or contributed to the low density of seal structures within

this grid and/or h1ndered the dogs in locating structures. In May, when seals

began to bask 1q high numbers, opportunistic observations made from .the "
helicopter indicated that the number of seals hauled out near the Cape.
Lisburne site was[1ow

Composition of all structures (N = 247) was 25% breething‘holes; 43%

. simple lairs, 13% complex lairs, 18% pupping lairs, and 1% unidentified

structures (Table 31). By our classification system, a pupping  lair is a
complex lair with evidence of a birth or of occupancy by a pup (usually
extensive pup tunne]s) During the 1atter part of the 1984 field season, we
found evidence ofipups in simple lairs. Such simple lairs were not considered
pupping lairs as apparently the young sea]s were mOV1ng about and hauling out
in these and other lairs.
:

Simple lairs occurred in the h1ghest dens1t1es, genera]]y followed by
breathing holes, tomp1ex lairs, and pupping lairs, in that order (Table 32).
Overall density of the 3 types of lairs combined was 6.4/km?2.

~our hypothesis t

D1fferences

in proport1ons of the types of structures found, as the

~_spring season progressed, were also examined. Grids 84-1 to 84-4 were sampled

over a 30-day period from 6 April to 5 May. Composition of structures found

during the early

ways; as a propor,

and late halves of this sampling period were compared in two
tion of the sum of each structure type and as a proportion of

all structures fohnd 1n each sampling period (Table 33)

There was no d1fference in the proportion of pupping lairs found in the

early or late sa

markedly and thel

mpling periods. The proportion of breathing holes declined

a proportions of lairs, other than pupping lairs, increased

over time. Although the changes observed are not statistically significant,

the similarities.

the. fact that tm

and differences between samp11ng periods are consistent with
e peak per1od of births is during the early sampling period

(the number of new pupping lairs found after April 20 is insignificant).
Exp]anat1on of the reasons for a decrease in proport1on of breathing holes and

increase in propo

in the fast ice

rtion of simple and complex lairs is more speculative. It is
hat as the main basking period approaches, more ringed seals
habitat begin hauling out in lairs more frequently. They
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Totals - 27.23

59
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Table 31. Numbers and proportions of seal-made structures found within 5
study grids on landfast ice near Cape Lisburne, Alaska,
April-May 1984. R
‘ , Strdcture'type | A
K .~ breathing simple -  complex pupping. _
- Grid hole lair lair . lair unident. .
No. - TN % N % N % N % N % Total
84-1 28 30| 3¢ 37 11 ‘12 19 21 0 :0 92
g4-2 10 28| 20 % 4 11 2 6 0. 36
84-3 4 9,25 53 6 13 10 21 4 47
84-4 17 281 23 38 10 17 10 17 0 0 60
845  _3 25| 5 42 1 8 3 25 0 0 12
Totals 62 251 107 43 32 13 4 18 2 1 247
TabTe 32. Density of seal-made structures found within 4 study'gkids.on
']andfast‘ice near Cape Ljsburne, Alaska,_Apri]-May_1984. ,
: _ - Density of'structures-(humber/km?)
Grid breathing simple = complex pupping all
No. Area (km?) holes lairs lairs - lairs structures
84-1  10.92 2.6 3.1 10 1.7 8.4
842 5.32 1.9 - 3.8 - 0.8 0.4 6.8
84-3  5.43 07 46 1.1 1.8 8.7%
84-4  5.56 3.1 4.1 1.8 1.8 10.8

2.2 3.7 L1 1.5 . 8.6

* Includes conside

ration of 2 structures of an undetermined type.




~Table 33. D1fferences in proport1ons of breathing holes and lairs found
" in 4 study grids on 1andfast ice near Cape Lisburne, Alaska
during 2 sampling per1ods in 1984: A - expressed as a
proportion of the sum of| each structure type; B - expressed as
a proportion of the total number of structures found in a
samp]e period.* ,

l
I [

i
1

{

A. | % |

‘ i |Sample per1ods -
_ ' _ : | 6-20 April 21 Apr-5 May Total
Type of structure ; N [ % o N % “'structures

j | '
Breathing holes f 37 i 63 .22 . 37 59
Simple lairs . | ‘49" t 18 53 82 102
Complex lairs 1 13 % 42 18 88 31
Pupping lairs | 21 { 51 20 49 a1

| | | |

i |

|
B. §
Breathing holes | 37 | 381 22 19 | 59
Simple lairs | 49 | M 53 47 102
} 1 v _ ,
Complex lairs * 13 |11 18 16 31

- . . 1 t - ' . &

Pupping lairs o2l v 20 18 41

Total structures | 120 100 - 113 100 233

* Structures on Grid 84-5, all of which were found on or after 8vMay, were
not included in this analysis 1n order to keep the duration of samp11ng
- periods -and sample sizes comparab]e

l
- ;
; .




comp]ex lairs.,

'eventua11y dpen th lairs and hau] .out on the snow surface as optimum weather

prevails. In this process, breath1ng holes under deeper snow are enlarged,

| ‘lairs are made and eventua11y the seals haul out on the surface.

A comparison pf distances between structures of different types was made
for each grid and for our combined. sample of structures of each type
(Table 34)." Based on the pooled data from all grids, breathing holes were
more distant from jother structures of any. type and pupping lairs were closest
to other structures. The difference in distance for these 2 types was

- significant (t = 4.3862, df = 104, p < 0.05). For simple and complex lairs,

the difference in| mean distances to other structures of any type was not
significant, although the mean distance for simple lairs was 1ess than for

Character1st1cs of] Snow and Ice at Structures.

In 1984, all {of the search grids were in a zone of generally hdmogenous

“fast ice a]ong a simple coast of northerly exposure between Cape Lisburne and

the Pitmegea R1ver Comparisons of ice deformation, surface relief, and snow
depth among the d1fferent grids, which were relatively small and therefore

reflected 1oca11zed rather than average cond1t1ons, are 1ess appropr1ate than

' cons1derat1on of the comb1ned samples.

“For all gr1ds comb1ned, ice deformation and relief were similar for all

types of lairs, and slightly lower for breathing holes (Table 35, Figure 9).
Snow depths were marked]y different. Breathing holes were sited in relatively

.shallow snow, pupp1ng lairs in deep snow, and simple and complex lairs were

intermediate. Differences in snow depth were not significant for simple and

complex lairs (t} 0.3465, df = 135, p > 0.7). They were significantly

different in a 3- way comparison of breath1ng holes, simple and complex lairs
(combined), and pupp1ng lairs (F [2, 1521] = 41.396,-p < 0.005). The minimum

depth of snow for the different types of structures was 0 cm for breath1ng_
- holes, 20 cm for simple 1a1rs, 37 cm for comp]ex lairs, and 47 cm for pupping
lairs, :

Characteristics of Sea1-made Structures

- Comparisons of the dimensions of all structures of similar type. from all
grids combined showed a progressive increase in size from breathing holes to

- simple. lairs -to comp]ex lairs to pupping lairs (Table 36). The diameter of

breathing holes was significantly smaller than the diameter of holes a110w1ng
access to lairs (t 8.1664, df = 173, p < 0.001). 1In paired comparisons
among the different kinds of lairs, the observed -mean va]ues for diameter. of

: access holes were!not significantly dxfferent

Length and width of the 3 kinds of lairs were s1gn1f1cant1y different.
(For length, F [2], 65] = 48.747, p < 0.005 and for width, F [ 2, 59] = 26.096,
p < 0.005.). Complex lairs were larger than simple 1a1rs, and pupp1ng 1a1rs

were larger than both other types

_ Lair height jwas “the 1east variable of the parameters we measured, though =

there was a trend of increasing height in the order of simple-lairs, complex

lairs, and pupping lairs. Statistical comparisons of those data showed no

s1gn1f1cant d1fference between simple and complex 1a1rs, nor between complex

- 61



Table 34.

Distance (m) to the nearest structure of any type from structures of the indicated type w1th1n

5 study grids on fast ice near Cape L1sburne, Ataska, in 1984.
o Breathing Simple Complex ) Pupping Complex & pupping
Grid No. Statistic holes lairs lairs lairs lairs combined
84-1 Mean 210 98 134 82 101
N 28 34 11 19 30
S.D. 117 116 138 81 107
Range 3-572 1-572 1-463 41-273 1-463
84-2 Mean - 176 C244 218 16 151 S
. ' N 10 - 20 4 2 6
S.D. - 97 151 44 21 110
~ Range 31-330 1-639 165-267 1-31 1-267
84-3 Mean- 256 128 186 104 134 —_—
v N— 4 25 6 10 16
S.D. 242 98 88 102 102
Range 56-556 3-347 85-333 3-306 3-333
84-4 ~ Mean 155 117 140 - 131 - 135°
: N 17 23 10 - 10 20
S.D. , 101 77 : . 103 91 I 94
 Range = 41-389 14-255 " 14-317 21-271" - 14-317
84-5 Mean 214 142 - 196 251
N 3 .5 1 - -3 4
- S.D. 37 103 - 105 141
Range - 180-252 68-306 419 - 85-294' 85-419
A1l 1984 Mean 193 138 165 103 129
grids N 62 107 32 44 76
“S.D. 118 izi ii7 92 . 107
Range 3-572 1-639 1-463 1-306 1-463
(0]
N
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Table 35. General character1st1cs of ice and snow at and near seal-made structures W1th1n all gridé on fast
' ice near Cape L1sburne A]aska, in spr1ng 1984. _ :

- . Type of structure '
Breathing Simple Complex v Pupp1ng

. Parameter__.____  statistic____ hole - lair Tair - air
Ice deformation (%) . Méan_ . 24,7 3001 34,2 28.2
o © N - 62 99 32 . 50
S.D. . 9.9 177 17.2 17.2
- Range - 5-80 5-85 © 5-75 ~ 5-80
Relief (cm) Mean . 57.0 67.1 63.8 71.3
SR N | 62 99 32 50
S.D. © 40.8 . 32.3 303 38.3
| Range 30-183. = . 30-183 30-122  30-183
Snow depth (cm) ~ Mean 35,2 - 61.9 621 - 7137
- | o N 61 98 32 49
S.D. 24,7 . . 209 20.6 20.9

Range -~ 5-150 - 20-183 - 37-130 47-130°
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~ Table 36. Dimeqsions‘of seal-made structures on 5 grids near Cape
S a Lisburne, 1984, : _ ‘
: Type of Structure -

' _ , breathing simple complex pupping
Parameter - Statistic hole lair lair lair
Diameter of hole (cm) Mean  27.1 40.7 37.6 44.1

: - N 60 70 22 . 23
S.D. 10.0 11.1 9.0 13.8
) Range - 3-46 20-76 20~51 25-81
Length-of lair (cm)  Mean - 156.2 229.3 268.6
' N N - 104 31 43
s.D. . . - 52.6 53.7 - 80.6
_ Range - 58-427 140-333 147-549
Width of tair {cm) Mean. - 100.8. - 126.1 154.0
' , N - 104 31 43
S.D. - 24.8 31.7 51.7
Range - 33-183 - 81-224 56-343
 Height of Tairj(cm)  Mean - 29.7 30.9 31.9
- : N - 93 26 38
S.D. - 5.8 4.5 5.6 .
- 19-45 25-42 22-46
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‘and pupping 1a1rs However, a compar

types of lairs (simple vs. pupping laj
(t = 2.0127, df = 129, p< < 0.05).
Predation B %

The frequency and k1nd of predat
each of our 5 study gr1ds was quite |v
(N = 247) in the 5 grids, polar bears
(8%), and made kills at 3 (1%). Arc
(20%), and made a kill at 10 (4%). Tw
in the total sample of 44 pupp1ng lairy
lairs 1n spring 1984. 1

- It appeared that the digging ang
initially by bears and that exposed ho
. Breathing ho1es exposed by the diggin
84- 1 :

Grid 84-1 had the most activity
seaward of a polar bear den from which
mid-April. The sow act1ve1y hunted.
structures in Grid 84-1, polar bears

(17%), and killed a seal bup at 2 (2 %%. )
3%) .

.21 (23%), and killed a seal pup at 3

mainly pupping lairs. In| Grid 84-1, [k
at 8% of all lairs or 26% of the 19
activity as measured by\the proporti
greater in Grid 84-1 than 1n the other
was similar.

The predation rate 1n Grid 84-1 I
per 2.2 km?, For all gr1ds comb1ned
0.4 k11]s/km2, range 0 to 0.7 k111s/km

We also observed wo]ver1nes (Gul
east of Cape Lisburne during 1984, 'h_
gr1ds :

|

Alteration of Seal Strucéures

On the 5 grids searched in 19%4
noted the first time they were found
human presence on or near the gr1p<
Lisburne site, was ours,vand the dura
brief. Thus, these data are indicati
flux in use of structures by seals.
the dynamic changes in structure use
tending toward alteration or freez1
lairs. We could not detect change of
new or refrozen holes or the constr
previously abandoned 1lairs. ~That |c

search1ng for and mon1tor1ng of structures over a per1od of t1me

66

ison of the sma]lest with the 1argest
rs) indicated a s1gn1f1cant d1Fference

or act1v1ty around seal structures in
ariable (Table 37). For all structures
marked 22 (9%), exposed or entered 19
tic foxes marked 104 (42%), entered 50
elve kills were made by foxes and bears
~s; thus, kills occurred at 27% of such

| exposihg of breathing holes was done
les were subsequently visited by foxes.
g of bears were only found within Grid

by predators. This grid was directly
a sow and 2 cubs of the year emerged in
within the grid. Of the 92 seal-made
marked 19 (21%), opened or entered 16

Arctic foxes marked 45 (49%), entered
The kill sites were only at lairs,
il1s (by both foxes and bears) were made
pupping lairs. Although total predator
on of structures marked or entered was
4 gridsh the_rate of predation at lairs

foxes and bears comb1ned) was 1 seal pup
the ki1l rate was 1 pup per 2.4 km? {or

2).

o gulo)' and red foxes on the fast ice
ugh they were not observed on our study

y the status of structures on grids was
as open, altered, or frozen. 'The only

except for Grid 84-5 near the Cape
tion of our:activities was re]at1ve1y
jve of part of the naturally occurring
However, the data reflect only part of
because we could only identify changes
g of active  or once-active holes and
the opposite type; i.e., the opening of
uction and/or reconstruction of new or
an only be accomplished by continuous
We also do

?
|
|
‘
|
|




Table 37.  Kind and frequency of'predator'activity at SubniVean”éeal structures on study grids in the
eastcentral Chukchi Sea, 1984. ‘Marked structures include those which were opened. Opened
‘structures include those at which a kill occurred. _

-

- : . Kind of structures ' .
__Activity at___ breathing ___-simple complex . pupping -

”'éfiaANd;jrﬁredéfdr: ‘structure ““hole -~ " Tair Tair Tair —Totals "
84-1 N 28 34 11 19 92 .
Polar bear Marked : 5 7 1 6 19 =
: “Opened/entered 3 7 1 5 16 3%
Kill site - 0 0 0 2 2 %
Arctic. fox  Marked 9 14 7 15 45 % -
' Opened/entered 3 5 4 9 21 E
Kill site 0 0 (1} 3 3 %
ge-2 N | 10 20 4 2 6 5
Polar bear Marked . : 0 -0 -0 0 0 =
Opened/entered 0 0 0 0 -0 =
Kill site 0 0 0 0 0o
Arctic fox Marked 0 7 0 1 8
' Opened/entered 0 6 0 0 6
Kill site ‘ 0 0 0 0 0
84-3 A N 4 25 6 10 45 *
co Polar bear Marked 0 1 0 0 1
Opened/entered 0 1 0 0 1
Kill site 0 0. 0 0 0
Arctic fox Marked 1 12 4 8 - 25
Opened/entered 0 4 2 5 11
0 0 0. 4 4

Kill site

L9

-Continued-

_— . -




Table 37. Continued.

Kind of structures

breathing

Kill site

T * A'tbtal of 47 structures were found on this gfid; two were‘unidentified, one of which was markéd by a fox.

v Activity at simple - complex- pupping : '
Grid No. Predator structure hole lair : lair lair Totals
84-4 | N 17 23 10 - 10 60
Polar bear Marked _ _ 0 1. 0 1 2
T e s e = (pened/entered 0 o 0 T
Kill site -0 0 0 1 1
Arctic fox Marked 2 10 5 7 24
- Opened/entered 0 3 3 5 11
Kill site 0 L 0. 0 2 2 ~
84-5 o N 3 5 1 3 12
Polar bear Marked 0 0 0 0 0
' Opened/entered -0 0 0 0 0
~ Kill.site 0. 0. .0 0. .. 0
Arctic fox Marked _ 0 1 0 1 2
: -+ - Opened/entered 0 1 0.. -0 - S
; 0 . 1 0 0 1

[«
[0 2]

. i . .
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not know how long| that scent which is detectable by the dogs persists in an
abandoned structure. The abandonment rate we measured vreflected only
structures that had frozen recently enough that the ‘dogs could find them.

The rates of abandonment and alteration of the different types of
structures varied jconsiderably among grids (Table 38).- In several instances,
the sample size of a specific type of structure within a particular grid was
too small to make|statistically valid tests of similarity or difference among .

" grids. ‘In generall, Grid 84-1, which had the highest incidence of disturbance

by foxes and polar bears, also had the highest frequency of displacement, as
indicated by the Fomp]etevfreezing/abandonment of access holes leading into
lairs: 18% for simple lairs, 18% for complex lairs, and 53% for pupping
lairs. s . o o '

For all stru&ture types and all grids, 36% of the total structures were o
altered or abandohed (Table 39). Excluding Grid 84-5, for which the sample

~ size was only 12,Tthe‘proportion of altered structures varied from 17% to 36%

(x = 233, N = 233). The proportion of abandoned (frozen) structures in Grids
84-1 through 84-4 jranged from 7% to 21% (x = 14%, N = 233). o o

~ Table 40 shows alteration and freézing on the basis'of typé of structure
for all grids combined. The proportion of altered structures ranged from 0%

for breathing holes to 38% for complex ‘lairs. Abandonment -(freezing) of . ‘

structures ranged|from 5% for breathing holes to 30% for pupping lairs. For

simple and compiex lairs combined (N = 139), 35% were altered and 13%

abandoned. For pupping lairs (N = 44), 11% were altered and 30% were
abandoned. -Thus,! in comparing simple and complex lairs with pupping lairs,
the latter tended{to be altered less frequently (x2 = 8.72, df = 1, p < 0.005)
and - abandoned (frozen) more frequently (x2 = 6.54, df = 1, p < 0.05) than
simple and complex lairs. These data suggest  that ringed seals tend to
continue to frequent breathing holes in former simple and complex lairs rather
than abandoning |them completely. Conversely, the seals tend to abandon

~ disturbed puppingjlairs.

We presume that a predator entering and killing a.pup in a lair is an-
extreme case of disturbance, often resulting in abandonment of the lair by the
mother. When 3 '|sites where kills had occurred were probed approximately
1 week later, alljwere found to be abandoned. ' '

Although we did not systematically re-examine all structures to determine
how they may ,haQe‘ changed after they were initially found, we did probe
approximately 80% of the total structures-on Grids 84-2 - through 84-4, 3-12
days after they were first examined to determine whether the hole was open or
frozen. Grid 84-1 was not probed upon completion because a major storm
obliterated the stakes and trails that marked the structures. By probing, it
was not possible|to determine whether open structures had become altered or
whether altered Istructures had been reopened, but we -could determine the

proportion of or{iginally open or altered structures which froze after our

initial visit. Of 11 structures which were frozen the first time we examined
them, all remained frozen when they were later checked by probing. Twenty=two
additional structures were frozen. L




Table 38.

The cond1t1on of seal- -ma
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ie structures in 5 gr1ds on landfast ice

near Cape L1sburne Alaska, Apr11 May 1984,
oy Condition of structures
. ~ Type of | . open altered _frozen
~Grid no. structure | N 'ho. % no. % no.
84-1 Breathing holes 28 |27 96 0 0 1 4
’ Simple lairs 34 119 56 -9 26 6. 18
Complex lalirs 11 6 55 3 27 2 18
~ Pupping lairs 19 6 31 3 16 10 53
84-2 Breath1ngiho1es' 10(/9 9 0o o0 1 10
. Simple lairs 20 119 45 9 45 2 10
Complex lairs =~ 4 2 50 - 1 25 1 25
“Pupping lairs’ 2 2 100 -0 0 0 0
84-3 Breathing holes 4 |3 75 0 0O 1 25
: Simple 1a1rs 251 13 52 10 40 2 8
Complex 1a1rs 6 1|2 33 4 67 0 0
Pupping 1a1rs 10 6 6q 2 20 2 20
844 Breathing holes 17 | 17 100 0 0 0 0
Simple lairs 23 ! |14 61 "7 30 2 9
Complex lairs 10 5 50 4 40 1 10
Pupping lairs 10 9 90 . 0 0 1 10
84-5 Breathing holes 3 /|3 100 0 0 0 0
Simple 1a]rs .. 5 3 60 0 .0 2 40
Complex lairs 1 1 100 -0 0 0 -0
Pupping 1a1rs 3 3 -0 0 -0, 0

7
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| Table 39. The éondition'of allrsea1-madeﬂstr6ctures within each of 5 gridé
' on landfast ice near Cape Lisburne, Alaska, April-May 1984.

T Condition of structures Percent
, : Sample ~_-open altered frozen altered
Grid no. size/ no. %  no. %  no. % or frozen
1 92 57 62 16 17 19 . 21 38
2 36| 22 . 61 10 28 4 11 39
3 45) 24 53 16 36 5 11 47
4 60 45 75 11 18 4 7 25
5 12 0 8 0 0 2 - 17 17
Totals 245 158 64 53 22 34 14 .36
Condition of 4 different types of seal-made structukeé found in

Table 40.

5 gﬁids on landfast ice near Cape Lisburne, Alaska, April-May
1984. ' ‘

Condition of structures

: Percent
: © Sample - open altered frozen altered
| Type of structures size no. % no. % no. % or frozen
Breathing holes 62 59 95 o o 3 5 5
simple lairs 107 57 53 36 34 .14 13 47
Complex lairs | 32 16 5 12 38 4 12 50
Pupping lairs 44 26 59 5 11 13 30 41

‘Totals

245 158 64 53 22 34 14

36
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‘ThereAwaS‘no change{in the status of any of the breathing holes between

visits; 2 of 22 (9%) were frozen on both occasions.

between visits was in sﬂmp]e Tairs.
probing (n = 55), 4 (7%)| were frozer

31%-48% among grids) on the later visit.

were rechecked. Five (14%) were fro

‘ The greatest change

0f the 'subsample which was checked by
on the initial visit and 22 (40%, range
Thirty-six complex or pupping lairs
zZen on the initial visit and 9 (25%) on

the later visit; all of these newlylabandoned lairs were on Grid 84-3, which

also had the highest incidence of refrozen simple lairs (48%).

For all of the

rechecked structures combined (n = 118), the abandonment rate increased from
11% on the initial visit to 29% after the istructures had been opened and
reconstructed and the entire grid worked repeatedly by snow machines and dogs.
This compares to 14% initial abandonment rate for all 5 grids combined.

|

A total of 12 search lines in.t
heavier pack ice seaward of the flaw
13 May. Search lines were at distanc

Ice conditions in both regions
ranging from extensive,
highly deformed floes of mostly

a
)

_F. - Seal Structure Studies - Pack Ice, 1984 T _
— v _

he‘wésteﬁh part of the flaw zone and the
zone were searched between 15 April and
gs of 27497 km off shore (Figure 10).

of the hrift%ite were highly variable,

large, reyatively flat, old floes to very rough,

nnual sea ice. Because of the great

variability in habitat that was searched on different days by 2 different dogs

(Charlie and Lil),
appropriate.

floes (which were. usually surrounded

cohparisons of
Hunting range of theldogs was {sometimes restricted by size of

o} . :
their ' relative performance are not

by slush ice or water) and their success

was greatly influenced by extent and proxiqity of ice ridges close to and

paralleling the search lines.

t

In. total, 35 km of line were searched ihd 59 structures (1.7/1inear km)

were located (Table 41).  We attemp
although it was not possible to do
jce. Of the 59 structures, 33 were
(simple) lairs,’

2 were pupping |Tlairs,

ted to open and examine all structures,
50 when |they were within large piles of
Breathing holes, 19 were single-chambered
and 5 were unidentified. The

composition of ‘identified structures (N = 54) was 61% breathing holes, 35%

simple lairs, and 4% pupping lairs,

Of the 54 identified structures, 45 (83%)

were active and una]tereh, 4 (7.5%) jwere a1teked‘(access.ho1es into lairs were
partially refrozen to the size of |breathing| holes), 4 (7.5%) were abandoned
(frozen), and 2 (4%) could not be classified as open or frozen.

As a crude estimate of structure densit} in the drift 1ce,‘a11'stru¢tures

within 200 m of the search lines were considered.

all 12 Tlines, 47 structures were
resulting in a densiﬁy estimate
Characteristics of the snow and ice

we examined are indicaFed in Table| 42.

indicated in Table 43. .

In the pack ice,]'there ‘was
structures were made or used by be

within 200 m- of lines totaling 35 km,
of 6.7 subnivean structures per km2,

| t : o _ '
2 higher probability that some of the

irded seals, Erignathus barbatus, though

there were no specific indications that that 'was the case.

i
i
i .
¢
i
)

Combining the results of.

conditions near seal-made structures that
Dimensions of the structures are
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cations of 12 search lines on pack ice near Cape Lisburne,

A Eska, spring 1984. Small dots indicate starting positions

“each line. Pie diagrams indicate proportions of lairs
nshaded) and breathing holes (shaded) found along .each
ne. Numbers indicate the designation of 1ines represented

each circle, and correspond to those in Table 41.
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; Table 41. Results of searches foriringed seal structures on the pack ice of

; eastcentral (Chukchi Seaj (15 April to 13 May 1984. . :
:

X Distance ' - -1l  Length of _

! . Line from Beginning seari‘ch *° Number of Structures/ Perceqpt

; Date no. shore (km} Tocation - Tine (km) : structures linear km Tairs l
- ) T

: . ! ’

; Apr. 15 1 43,3 68 57.3, 167 16.3 0.8 2 2.5 : 0

16 2 26.7 | 68 56.7, 166 50.6 2.6 5 1.9 _ 33 I
| 16 3 53.3 | 69 01.7, 167.29.4  .1.0 4 4.0" ' 25

* 19 4 46.5 | 69 00.0, 1671 19.2 3;.9: 9 2.3 37 l
20 - s 32.8 | 6858.1, 166 59.8 2.4 4. 1.7 50

§ 29 6 97.0 | 69 32.1, 167i 48.1 2,9 3 1.0 33 l
: ] ; . . ! ) :

30 7 79.3 68 52.7, 168 11.1 3.2 8 2.5 50

: . . i C .

; 30 8 87.6 68 51.6, 168!_23._7 - 3{.2 4 1.3 25 l
, May 1 9 38.7 | 68 36.0, 167,281 - 4.8 6 1.3 33

§ 2 10 79.5 69 09.1, 1671“46.'5 3.2 6 1.9 50

| 13- 11 S 71§ 69 11.3, 167 45.8 3.4 3 0.9 100 I
3 13 12 65.6 69 11.7, 167 36.4 3.5 4 1.1 25.

; : L : l

1 i - ;
1 f T The percent of identified structures that |were lairs. : b I

I . : - i i

’ i _
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of hole (cm)

Length

of lair (cm)

Width _
of 1air (cm)

He1ght

"~ of 1a1r (cm)

N
S.D.

Mean (range)
S.D.

| "Mean (range)
N
| S,D.

Mean .(range)
N _

i S.D.

20.4 (2-41)
29
12.8

75
ATab]e'42. Snow and 1ceacharacter1st1cs near seal structures in drifting
ice jnear Cape stburne, Alaska, spr1ng 1984,
, , AType of structure
: : breathing simple pupping
Parameter Statistic holes lairs ~ lairs
Ice IMean (range)  30.6 (0-65)  35.8 (15-60)  20.0 ( )
deformation N 33 19 .
(%) - 18.D.. .19.1 12.4 O 0
Relief (cm)  [Mean (range) 100 6 (15-244) 100.6 (61-183) 91.4 (-)
. - N » 18 12 : 2
S.D. 59.4 35.1 o 0.0
“Snow  iMean (range)  22.1 (0-70)  67.2 (41-100) 82.5 (68-97)
-depth (cm) N 33 17 2 -
: S.D. 20.6 16.3 , . 20,5
Table 43. Dimensions of seal-made structures a]ong search lines in’
‘ : dr1Ft1ng 1ce near Cape L1sburne Alaska, spring 1984,
' : Type of structure
L _ o - breathing ~simple pupping’
Parameter Statistic " holes lairs lairs
Diameter Mean (range)

36.7 (21-58) - 39.5 (38-41)
: 15 : 2

9.6 2.1

138.9 (79-225) 222.0 (213-231)
: 17 -2

44.6 12.7
93.4 (53-163)  95.5 (89-102)
. 17 - 2
- 29.1 9.2
34.7 (18-52)  23.0 (23-23)
17 2

9.1 0.0
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" those, 20 were obtained [in Norton So

“taken in the eastcentra]’Chukch1 Seain
s

~59.6 kg and mean we1ght of 4 pregn

~ the Cape Lisburne samp]e (Table 44)1

~ samples of all seals from the lead]|s

significant (Table 458) .

76

i
!

In aggregate, 14 (26%)'of'the 53 structures ‘were marked or opened by

predators, mainly- polar |bears, which
breathing holes were marked (2 by arct
simple Tairs were excavated by bear
(100%). None of the 1a1ws appeared to

were duite select1ve 3 of 32 (9%)
ic foxes and 1 by a bear), 9 of 19 (47%)
s, as were both of ‘the pupping lairs
have been excavated by foxes.

e Sea]s,x1984

G. Compar1son of Coastaﬁ and Offshcr
- |

S1xty six ringed seals were co

In both regions,

May (Figure:11).
the nearshore ead systems

habitats:

lected in late winter-spring 1984. Of
und between 6. and 15 March and 46 were
ear Cape Lisburne between 1 April and 13
eals were collected in 2 different ice
and the;offshore pack ice. Only 1 seal

was from the fast ice near Cape L1<burne, and this habitat remains to be

adequately sampled.

* The Norton Sound collection wa
included 4 females that| had a neaq
Lisburne samp]e"were taken after
Difference in time of collection and
doubt magnified the weight d1fference

Sound sample, mean we1ght of sexually

Lisburne sample, 4 females that had |c
molt weighed an average of 48.8 kgl
during the preced1ng reproduct1ve cyc]

‘Based on our re]at1ve1y small s
included a higher proport1on of sexua]

the Norton Sound samp]e eompared to or

_ Samp]es of seals from Norton-
nearshore leads were grodped to compar
between: (A) seals from the lead sys
within the region near (Cape. Lisburpe;
compared with all seals from the pack
compared with all seals from the Cape
statistically s1gn1f1cant difference
nearshore lead systems and the pacw
Lisburne with respect to age, 1engt

there were no stat1st1éa1ly signifi
length. The heavier we1ght of Ise
The differe
of the higher proport1on of adult (s
systems of Norton Sound dur1ng the pe
pregnancy. However, it!|is probab]y
since most pack ice seals were colle
.the mean weight of all seals collect
less than for Norton, Sound sahp
significantly older and} larger tha
least in 1984 (Table 45C).

: : .
5 made prior; to the birth period and
cerm fetus. Adult females in the Cape
completion of birth and lactation.
reproductive status of mature females no
S between these samples. In the Norton
mature, non- pregnant females (N = 3) was
ant animals was 64.2 kg. In the Cape
Jmp1eted[1actat1on and were beginning to
No adult females that had been barren
e were éo]]ected near Cape Lisburne.

amp]es,‘r1nged seals from Norton Sound
1y mature animals of both sexes than did

Sexually mature females made up 35% of
1y 9% of the Cape Lisburne samp!e

Sound and Cape L1sburne pack ice and
e d1fferences;1n age, length, and weight
tem and pack ice within Norton Sound and

(B) al] seals from the lead systems
ice; and (C) a1l seals from Norton Sound
Lisburne area (Table 45). There were no
S between samples of seals from the
ice e1ther in; Norton Sound or near Cape
h, or weight;(Table 45A). In combined
ystems and all seals from the pack ice,
cant d1fferences in age composition or
sals from the shore lead sample was
nce in we1ght is partially a reflection
exually ! mature) seals taken in the lead
riod of max1mum seasonal fatness and term
more a funct1on of sample distribution,
cted near Cape Lisburne (38 of 46), and
ed near| Cape:Lisburne was significantly
les. Seals.. from Norton Sound were
those from the Cape Lisburne area, at

. . .
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Figure 11. .

Collection locations of 66 ringed seals

collected from nearshore leads and pack
ice near Norton Sound and Cape Lisburne
in_March-May 1984.

64
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Table 44.

and near Cape Lisburne in| March-May 1984.

v

Reproductive status of ringed seals collected in Norton Sound

Females from Cape

Lisburne that were c]aséified as pregnant (n = 4) were

postpartum. |

i

78

Norton Sound ! Cape Lisburne
n =20 , n = 46
N?. : peﬁcent f No. percent
- . | o |
Males 1) 50 31 67
Sexually mature (both sexes) 12 6 . 13 2
_ Sexua]]y mafure féma]es I [35 j 4 9.
Pregnant mature fema]e?* . 4 | *57 ! 4 100%
Mature.feﬁales from lead system?ﬂ,g | | ;71 i 1 25

* Percent is the percéﬁt of total

mature females.
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“Table 45. Statistical compar1sons of ringed sea]s from Norton Sound and east-

- central Chukchi Sea, near Cape Lisburne, collected in March to May 1984,
A. _ ,

, ‘Norton Sound Cape Lisburne
Parameter lTead system pack ice : Tead system pack ice

: : =12] n=28 ANOVA test n=7 =~ n=38 ANOVA test
Age_{yrs)’ . . N o , ,

x 7.5 7.9 F(1.18)=0.0072 6.3 5.8 F(1.43)=0.1066
SD 2.8 3.5 NS T 4.2 3.7 NS
Length (cm) - o - ‘
114.3 112.6 F(1.18)=0,1565 105.6 . 106.4 F(1.43)=0.0415
SD 8.7 10.9 NS . 9.6 10.1 NS
Weight (kg) - - . _
: x 55.8 50.9 F(1.18)=0.6125 39,7 37.8 F(1.43)=0.1648
SD 13.6 13.7 NS ‘ 11.4 1.1 NS .
B. — . C S
A1l shore lead (n = 19) A1l pack ice (n = 46) . ANOVA test
Age_(yrs). '
X 7.2 6.2 NS
sD 3.3 3.7
Length (cm) ‘ B
111.1 107.5 F(1.63)=1,6788
SD 9.8 10.4 NS -
Weight (kg) _ :
. X 49.8 40.1 F(1.63)=7.3480
D 14,8 12.5 0.005<p<0.01
c. | .

. Al1l[Norton Sound (n = 20) A1l Cape Lisburne area (n = 46) ANOVA test
Age_(yrs) ' o
Tox ’ 7.8 6.0 F(1.64)=3,838

SD 3.0 3.7 0.05<p<0.1 .
Length (cm) o A

x 113.6 106.6 F(1.64)=7,212
- SD 9.4 -10.0 - 0.005<p<0,01
Weight (kg)

x 53.8 38.5 F(1.64)=22,643

SD 11.3 '

p<0.005




- of invertebrates and fishes.

‘shrimps) made up 94% of Ithe total vo
. both coastal and offshore{Norton Sound

~ the lead systems. and pack ice either

The stomach contents of seals co]

lected 'in the coastal 1eaddsystem and

offshore pack ice near Nome and Cape Lisburne were compared to determine

whether there were any detectable |d

ifferences.. :Nine 'seals collected in

coastal leads near Nome had eaten pr1mar11y shrimp and arctic cod (Boreogadus

saida) (Table 46)." The 10 offshore |pa
‘shrimp and arctic cod and somewhat mor
seals. In coastal samp]és, the maJor
whereas in offshore samples it was Pang

ack ice seals! had also eaten primarily
e sculpins (Cott1dae) than the coastal
shrimp spec1es was Pandalus hyps1notus
alus gon1urus

Near Cape Lisburne, coastal sealg

amounts of gammarid amph1pods and f1sh, most]y sculpins (Table 47). .Offshore
seals had eaten pr1mar1]y ‘shrimps | and some mysids. -Arctic cod and
pricklebacks (Lumpenus spp.) were} the most common fishes. While the v

proportions of fish and hnvertebrates

samp]es, there were d1fferences in species composit1on
goniurus was important in both areas, but Eua1u5;

a1so had eaten mostly shr1mp and lesser

were similar in coastal and offshore
The shrimp Pandalus
aimardii was present in

significant amounts only| in the offshore sample . Similarly, sculpins were

more numerous near shore and pricklebac

’ i
Area-to-area d1fferences were most

ks occurred on]y off shore

notab]e when: comparing the proport1ons

Near Nome for both samples combined (n = 19)

invertebrates (mostly shn1mps) made yp 41% of the total volume of contents.

In the combined Cape Lisburne sampLe*

identified individuals) and some sCu
Lisburne conta1ned s1m11ar numbers of; a
] .

The volume of stomach contents was
near Cape Lisburne and coasta] seals |i
Sound sample where fish made up 66% of
was approximately twice that of the ott

Thus, a]though there were no sigr

regions, the combined reg1ona] samp]es
other,

VII,' D1scuss1on and Conc usions

A.‘ R1nged Sea]s and Se1%m1c Activit

Aer1a1'Surveys,.1981 and 1982

(n = 42) invertebrates (also.mostly:
ume of contents. The fishes eaten by
seals were primarily arctic cod (80% of
1pins, whereas the samples. near Cape
rctic cod, sculpins, and pricklebacks.

similar for coastal and offshore seals
n Norton Sound. In the offshore Norton

the volume of contents the mean vo1ume
er samples. :

11ficantfdffferenceSabetween'sea]s from
within ;both .regions or between the 2
were substantially different from each

Aerial- surveys in 1981 and 1982| were undertaken pr1mar11y in an attempt

to determine whether on-ice seismic le
ringed seals. Comparisons of result
indicated no overall d1ffbrence in den
and near adjacent contro] 1ines.
significant difference 1n‘dens1ty onil
found along control ‘transects. There
other 2 days. In 1982, there was a st
of 7 days, but the d1fference was the

sea1s were a]ong the se1§m1c lines.

l

1

(plorat1on affected the distribution of
s of surveys in both 1981 and 1982
sity of‘r1nged seals near seismic lines
In 1981 there was a statistically
of 3 survey days, when more seals were
were no- significant differences on the
atistically significant difference on 1
oppos1te of that found in 1981: more
,ompar1sons of blocks of area, w1th and

b

‘e
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jed fishes -

“’T” por ke "’-'“1".%’:3' et
81
Table 46. Stomach contefits~of ringed sealsacollected near Nome,
6-15{March 1984, :

S Coastal N =9 Offshore N = 10 _
Prey item %} volume 7 number % freq. % volume % number % freq.
Mys id * - 33 * g 20
Gammarid :

amphipod * - - 22 * - 30
Shrimp 55 - 89 34 - 90
Other 4 :

invertebrate * - 11 - - -
Total v ' .
invertebrate 55 - 89 4 - 90
Total fish 44 - 89 66 - 90
. Saffron cod - 2 22 - 2 30
Arctic cod - 89 . 89 - 74 90
Sculpins . - 9 - 44 - 23 60

Pricklebacks - 1 10

Mean volume of lcontents -  86.7 ml 154.5 ml
" Total # identif 79 145

* = Jess than 1

%
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~Table 47}‘vStomach con&enfs of ringed sea]sico]]écted near Cape Lisburne,
1 Aprilfls May 1984. : - : . '

|
. Coastal n =7V .___Offshore n = 35
Prey item Zvolume % number| | % freq., % volume % number % fregq.
‘Mysid 1 - S 71 P13 - 77
Gammarid - | D '
amphipod 16 - 14 . Lok - 26
Shrimp 62 - 100 ° " 80 - 1100
Other o . o '
invertebrate 12 - 29 1 - 7
Total . o | '

- invertebrate 92 - 100 .95 - 100
Total fish 8 - 100 i 5 - 94
Saffron cod - 7 43 - 8 34
Arctic cod - -7 43 - 31 69
Sculpins - .83 71 , - 13 51
Pricklebacks - - - - 40 9
Eelpout - - - L- 5 6
Smelt - 3 29 ¢ o= 1 3
Other fish - - - L= 2 9
Mean volume of contents - 74,1 ml 70.4 ml

" Total # identified fishes - 59 279

' |
* = less than 1%.
t .
I &
f
* ;
| !
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without seismic exploratory  activity, also indicated no differences 1in
density. Based on 1981 data, mean density of seals in 2 control blocks was
1.63/nm2, and in ;blocks where intensive seismic ‘exploration had .occurred,
density -was 1.62/nm2.  Thus, results of ‘both line-by-1ine and block
comparisons suggest that winter seismic exploration conducted in 1981 and 1982

~ had no broad-scale impact, as measured by aerial surveys, on the density of

ringed seals. Aérial surveys are not, however, well-suited to detecting
small-scale differences in geographically restricted areas, and consequently

- are not, by themselves, adequate for determining the effects of industrial
_activity. To do so would require a combination of aerial surveys with on-ice

studies that monitor the use of breathing holes and lairs on a finer scale.
For a further discussion of the effects of industrial activity on the
distribution and abundance of ringed seals as measured by aerial surveys, see

Frost et al. (1985, 1987, 1988) and Kelly et al. (1988). - -

Ny » l v
Seal Structure St@dies-- Beaufort Sea 1982

Qur first 1n§ensive field season involving study of subnivean structures
made by ringed seals was undertaken from 5 March to 26 May on fast ice of
southcentral Beaufort Sea off Prudhoe Bay. That effort focused on the effects

 of on-ice seismic| exploration on ringed seals as indicated by the fates of

seal-made structures. Searches were "linear" and were conducted along lines
laid out for purposes of seismic exploration and along nearby control lines.
Structures were checked 1 to as many as 7 times after they were first found to
determine changes|in use by seals. ' : :

The ‘questioﬁ of disturbance to ringed seals resulting from seismic

~ exploration and»o#her activities by humans within ringed seal habitat is very

difficult to address. Some degree of disturbance results from all on-ice’
activities, .including those of the ‘investigators. Thus, analyses of the
effects of distufbance become examinations of degrees of difference, in a
natural setting w?ich'is also changing. - :

S]ight.movembnts of the fast ice cover aléong the Beaufort Sea coast can
open cracks at any time during the winter. Such movements result from strong
impingement of thé drifting ice, tidal surges associated with storms (often at
some distance'froh the study area), and perhaps even because of major changes
in barometric pressure. New openings such as cracks are used by seals. We
have no. measure| of the rate of initiation of new subnivean structures

throughout the erezing seasons, but this dynamic process was ongoing during

- our study and structures were found along newly formed cracks..

In the study of the fate of subnivean structures as conducted in 1982,
there were, in actuality, no "control" Tlines, only lines along which seismic
activity did not occur.  The so-called control lines were frequently traversed
by our light snow machines and were within several miles of a shore-based
construction site at which an artificial gravel island (Seal Island) was being
built. Kelly et fal. (1988) found that radio-tagged seals departed their lairs
73% of the times]in which snow machines or other vehicles passed within 3 km,
and were also disturbed by helicopter traffic within 3-5 km, and by foot
traffic over 500{m away. Assuming that all human activities on the fast ice
disturbed seals to some degree, our major test of potential impact became an
analysis of the|abandonment rate of structures. In that analysis, it was
necessary to consider potential biases resulting from the way structures were
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i
examined.
probing would be less disruptive than

Structures were either probed or opened by us.

84

We thought that

excavation. .:However, analysis of the

data indicated that structures which were opened susta1ned no higher incidence

of abandonment than did those that were simply probed.

In-both samples, 13%

of the structures, whether opened or probed on the first visit, were frozen by

the second visit. i

Comp]ete]y refrozen1 holes were
abandonment. Once comp]ete]y frozen,
~ examined were reopened by'seals dur1ng
structures (partially blocked lairs|
apparently represented either a Iesser
natural change
frozen, such altered structures cont1n
in several instances were*reopened and

The sphere of high noise and vib
per se appears to be limited to- rathe
Blix and J. Lentfer, pers. commun.).
associated activities of laying out and
noise and occur over a longer durati
-exploration” did not result in s1gn1f1
adjacent to seismic lines. Abandonme
within 150 m of seismic lines and 5%5b
m of control Tlines and 9% beyond
substant1a11y significant, (

: }

Our comparison of the fates of

in the use of struptures

considered to indicate irreversible
none of the abandoned structures we
the course of our field work. Altered
and/or part1a11y frozen access holes)
response of seals to disturbance or a
Unless they became completely
ued to be used as breathing holes, and
normal use for hauling out was resumed.

ration 1eve]s from seismic exp]orat1on
'r close’ proximity of the_act1v1ty (A.

[t is also of short duration.  However,
clearing lines also create substantial
on. Our results suggest that seismic
cantly greater abandonment immediately
nt occurred in 16% of seal structures
eyond 150 m, compared to 14% within 150
150. m. These differences were not

structures in relation to times when

seismic lines were vibrated and distance from ‘seismic lines was an attempt to

determine whether the vibroseis equ1pme
different than that caused by other
differences in fates of structures fou
out but before they were shot and ;r
lines were shot. These results suggest

lasting source of d1sturbance

l

nt itself caused a disturbance that was
activities. ' There were no apparent
nd and revisited after lines were laid
ose found and revisited after seismic
that vibroseis equipment is not a long

Activity associated with the cons
‘Island) apparently did cause significa
than occurred farther away Within 2

truction of an artificial is]and_(Seal
tly greater abandonment near the island
m of Seal Island, 60% of the structures

Tocated by the dogs were frozen, comnared to 14% of the structures 2-10 km

away (x2 - 6.173, p > 0.025). Unlike

short lived but somet1mes

continuous activity over a 6-8 week period.

seismic exploratory activity which was

intense, l1sland construction entailed relatively

Apparently this sustained

activity caused a- h1gher proport1on§of structures - to be abandoned near the

island.

) 4:

Overail
between seismic exploration and the fa

ana]yses of abandonment relative to seismic and control lines, distance from -
did not clearly indicate that seismic

seismic lines, and t1me~of vibration

|
exploration caused increased abandonment of seal structures.

entire Beaufort Sea study area in 198

13

data from th1s study do not demonstrate a clear relationship

te of ringed seal structures. Specific

_ However, for the
2, which included the cumulative noise

from island construction, heavy equ1pment, and seismic activity, 11% of all

-structures were abandoned This is ap

%
}

proximately triple the abandonment .rate
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of 4% reported by Kelly etsal., (1988 and.pers. commun.) for non- 1ndustria112ed

areas .of  the Beaufort Sea, and double the abandonment rate for our study areas

in the Bering and{Chukchi seas, where no such noise sources were present (see
section VII D for further discu5510n) Based -on these results, we conclude

. that the aggregate industrial activity in the central Beaufort Sea in 1982 did

not result in an|area-wide increase in abandonment of subnivean ringed seal
structures. The significance of this increased -abandonment is unknown.

‘B. . Characteristics of Structures

Composition of Seal Structures, Composite Data - 1982 1984

The comp051410n of all identified structures found in this study during

11982 to 1984 (Nl= 794) was 321 breathing holes. (40.4%), 310 simple lairs

(39.1%), 81 complex lairs (10. 2%), and 82 pupping lairs (10. 3%)

~ We found considerable variation in the composition of seal-made
structures in different areas during different years (Table 48). Lairs of all
3 types composed 53% of the identified structures found on fast ice of the

Beaufort Sea in 1982, 64% of structures in Kotzebue Sound in 1983, and 75% of -

structures near Oape Lisburne in 1984,

~ The Towest [proportion of lairs (35%) was found during the extensive
surveys of February-March 1983, though the combined results from all 23
surveys made during that time are misleading. Those surveys can be separated
into 2 broad areas, Norton Sound and eastern Chukchi Sea. ' Forty-seven
identified structures were found in Norton Sound, of which only 10 (21%) were
lairs. ~This compares "with 72 identified structures in eastern Chukchi Sea, of
which 30 (42%) were lairs. The low proportion of lairs found in Norton Sound
was attributed to 3 factors: (1) the extent of recently formed, relatively
thin fast ice; (P) lack of snow cover, particularly in eastern Norton Sound;

and (3) the early timing of surveys in that region. The Norton Sound surveys

were conducted bétween 24 February and 2 March. Extensive surveys of fast ice
in the eastern Chukchi Sea were undertaken between 3 and 15 March, closer to

~ _the onset of pupping Snow and fast ice conditions were far more favorable in

the eastern. Chukchi Sea.

In the eastern Chukchi Sea, surveys ot grids on the fast ice and of lines

“dn the pack ice |were undertaken during the same time period in April and May
- 1984.  Lairs. composed 75% of the 245 identified structures on the fast ice and
39% of 54 structures on ‘the pack ice. This difference was significant .

(x2 = 26,167, dfj= 1, p < 0.001). The difference in proportions of Tair types
in these 2 habit@ts was even more striking; 31% of all structures on the fast
ice were complex or pupping lairs, compared to 4% on the pack ice (x2 =

17.123, df = 1,|p < 0.001). These data suggest that ringed seals from the -

pack - ice in the eastern Chukchi Sea either included a higher proportion of

juveniles, a higher proportion of non-breeding adults, or both. Conversely,

the significance of fast ice as important habitat for pupping was confirmed.

Comparison jof the composition of ringed seal structures in Alaska with

results of studies in other areas indicates considerable geographic variation
(Table 49). Pupping lairs made up the greatest proportion of total structures
(20%-25%) in Amundsen Gulf and the Canadian High Arctic (Smith and Stirling

1978; Smith et a1. 1978) and on the fast ice.of the central Chukchi Sea (18%).
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Table 48. Composition of ringed seal structures, 1982-1984.,
Structures
breathing simple complex pupping unidentified
: _ . _ a holes lairs lairs lairs structures
~ Year Months General location N No. % No. % No. % . No. % No. %
--.-1982 - -5-Mar-26-May* - -Fast ice-southcentral .. . . . .. . ... . B T i o
) Beaufort Sea 157 70 45 62 39 5 3 11 7 9 6
1983 27 Mar-l May  Fast ice southeast | . |
| - Kotzebue Sound 235 82 35 94 40 30 13 27 11 2 1
~~~~~~ — 1934 “"B“Apr-ls May——Fast-ice- eastcentral—-—-— — P e e e o
Chukch1 Sea 247 —62—25 107—43 32—13 44—18 2—1%
1983 24 Feb—15 Mar Fast ice - extensive
o survey, Norton Sound- - '
k “Peard Bay = 119 - 74- 62 - 28 24 12 - 10 0 0 5 4
1984 15 Apr-13 May . Pack ice eastcentral | -
’ Chukchi Sea ' 59 33 56 19 32 o - . 2 -3 5° 9

. . . . . .
H
. . - ¢

* Type of structures mainly determined during,Tatter part of field effort, when they were opened and measured.’
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Table 49. Comp
part

s of their range.
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osition of-structures made by ringed seals in different

Percent

breathing non-pupping pupping

(Lukin & Potelov 1978

Area (éource) a N holes lairs Tairs
Norton Sound 1983 a7 79 a1 ot
~(this study, jcoastal survey) -
Kotzebue Sound 1983 - southern 23" 43 57 ot
(this study, [coastal survey) o .
"Kotzebue Sound {1983 - southern 233 35 53 : 11
(this study, igrids) - :
Kotzebue Sound 1984 - 157 69 . 28 3
(Kelly et al. 1986) : ' ~ o )
Kotzebue Sound {1983 - northern 22 85 15 . 0~
(this study, jcoastal survey) : ‘
" Cape Lisburne fast ice 1984 245 - 25 : 57 18
(this study, |grids) '
Cape Lisburne pack ice 1984 54 61 '35 4
(this study)|- . ' :
Beaufort Sea 1982 148 47 45 . 7
(this study)| . '

Beaufort Sea 1983 57 35 61 4
(Kelly et all 1986) ' o '

Amundsen Gulf 1974-75 - Inshore 42 17 59 24
' - .= Offshore 35 11 -89 - 20
(Smith & Stirling 1978)

~ Canadian High Arctic 1975-76 ' 353 23 62, 25
~ (Smith et all. 1978) |
White Sea 1972-74 4 647 77 14 g2

1

9 Searches conducted before pupping season.
© The overall incidence of pupping lairs for a

~ dincluding flat ice with Tittle snow cover was 9%. Wi
- snow cover and deformation, up to 33% of all structures were pupping lairs.

11 parts of the study area,
Within areas of adequate
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They made up a re]at1ve1y small proport1on of the total structures in the
White Sea (9%), the Beaufort Sea off Alaska (4%-7%), and the pack ice in the
central Chukchi Sea (4%) (Lukin and Potelov 1978; Kelly et al. 1986; this
study). In southern Kotzebue Sound, there was a substantial d1fference
between the 2 years in whnch stud1es[w=re conducted, with pupping lairs making
up 11% of all structures in 1983, but only 3% in 1984 (Kelly et al. 1986; this

»study) _ t

‘Dimensions of Seal Structures, Comgpg1te Data - 1982-1984

Dur1ng this study, measurementsi ere obtained from 577 structures located
in fast ice of the Chukchi and Beaufprt seas (Table 50). It is clear from
these data that holes used by seals| only for breathing were considerably
smaller than those through which seals hauled out onto the ice (t = 10.17,
df = 437, p < 0.001). 'As lairs progressed from simple haul-out lairs to
complex and pupping lairs, the size of| the access hole increased, probably due
to more frequent hauling out by the res1dent seal(s). Complex lairs were both
Tonger and wider than simple lairs (t-test, p < 0.001).. Pupping lairs were.
significantly larger than all other'lairs (p < 0.001) with mean lengths and
widths over 1.5 times greater than those of s1mp1e lairs.

)

Within Alaska, there was no apparent geograph1c trend in the size of
lairs from one area to the next. {Lairs of the same type were of similar
1ength in each of our 3 study areas 1ocated on fast ice.- By comparison, lairs
in Amundsen Gulf in the eastern Beaufort Sea were s1gn1f1cant1y 1arger (Sm1th
and Stirling 1975). Simple lairs weére more than 20% longer (t = 4.40, df =
389, p < 0. 001) and 30%:wider (t =| 5.48, df = 378, p < 0.001) than s1mp1e
-1a1rs on fast ice in A]aska Pupping 1a1rs were a1most 30% longer (t = 4.59,
df = 192, P < 0 001) and 40% wider (t 5.48, df = 191, p < 0.001).

¥ .
The reason for th1s difference | is unclear. ' Lairs in all areas were

measured during approximately the same time period. (March through May in

Alaska and March to mid-June in Amundsen Gulf). It dis unlikely that the
 distribution of search effort by date affected the mean values, since in
Kotzebue Sound in 1984 we found no s1gnificant trend in 1air'1ength by date,
except for pupping 1a1rs' ‘ | ‘ ' ‘
i‘.
Little is known about the relat1onsh1p or interchange of ringed seals
between Amundsen Gulf and A]aska,‘ and whether they come from the same or
different stocks. However, the mean |length of seals that were 10 years or
older from Amundsen Gulf (n = 498) |was 124.7 cm' (Smith 1987) compared to
114.6 cm for seals of similar age|in Alaska (Frost and Lowry 1981). The
~ larger reported lair size in the eastern Beaufort may have been because the
seals that constructed and used them were larger.

One of the obJectlves of th1s study in |1984 was to examine any

differences between seals and sea]
habitats. The sample of ! Tairs on pack
was gquite small (n = 19), and all .but

structures in pack ice and fast ice
ice from the Cape Lisburne area in 1984
2 were s1mp1e lairs. The mean diameters

were smaller in the pack ice sample [than in fast ice for breathing holes (t. =

3.99, df = 210,
170, p < 0.02);
fast ice, the difference: ‘was not signi

p < 0.001) and access holes to simple lairs (t = 2.42, df =
Although simple lairs on pack ice:were smaller than those on

ficant (t = 1.89, df = 266, p > 0.1).

. . .
. I .
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Tablé 50.- Mean va]ues for dimensions of r]nged seal structures from fast ice
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~habitats {in Alaska.
| Type of structure . ‘
breathing simpie’ . complex , pupping
- Parameter holes lairs lairs _ - Tlairs
Diameter RN . ' - :
of hole (cm) - {30.6 . 43.4 . 48,5 . : .52.0
Lengfh | ‘ B
of lair (cm) C - 160.3 235.0 - 276.6
Width | I | - | |
of 1air (cm) - 104.5 | 128.7 164.0
Height | | o I
of lair (cm) - 32.1 32.5 33.4




probably mainly due to the higher propo
,recent]y refrozen leads. JSuch breathi
-made in the much thicker landfast ice

'(0 3 pupping lairs/km?, making up only

}
|
|
i
|
l
|

The smaller mean diameter of bre

simple lairs on pack ice may be part]y
seals using any given lair in less c¢r
flown near Cape Lisburne [in 1987 indic
ice (0.5/km?) was less than half the
area (Frost et al. 1988) ) _

Sma]l,breathing ho]es and access
pack ice are smaller than those in |f
structure of seals in the|2 habitats h¢
we collected in the nearshore lead syst
immature (young) and theréfore smaller.

of seals collected from fast ice, the

ice (1.6/km2, making up pB% of allls
structure was different l

Regional Abundance of Sea] Structures

(range 6.8-8. 5/km2)

“(used for the Beaufort Sea in .1982| a

" grids of the proportion oof structures

Data. obtained in dhis. study Ip
available to date on- the‘den51ty of ir
have generally compared relative abun
number of structures found by the dog
the unit of time required|/to locate sty
Smith et al. 1978).
approximate area searched in order
structures.” In our studies in 1983
surveyed grids of known area in 2 regic
Cape Lisburne. The dogs here worked. ex
accurate measure of the number of stru
different structure types can be us
comparative abundance of ringed . sea

- habitats, but also to ‘dentify areas

habitat. !
1
The highest density of structures
fast ice east of Cape Lisburne where,
8.6 .structures/km2 (range 6.8-10.8/kr
27 km2, The density in Southern Kotz
v For ]inear searches,-in which the
estimates were also made|by either es
searched as 200 m and mu]tiplying that

area searched (used for coastal sea
structures within a certain distance

1984). "Density estimates derived in; 1
to those from grids, since lines were

indicated that the dogs found approx1

owded areas.

ast ice.
s different.
em and pack ice near Cape Lisburne were -
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athing ho]es ‘found in the pack ice is

rtion of such structures in thin ice of
ng holes tend to be smaller than those
- Smaller diameter of access holes into
a function of seal density, with fewer
. Data from aerial surveys
ated that the den51ty of seals on pack
density on fast ice (1. l/kmz) in that

holes may also indicate that seals in
This could occur if the age
In fact, 72% of the seals

Although we have no comparable samp]e
scarcity of pupping lairs on pack ice
4% of all structures) compared to fast
tructures) also suggests that the age

rovide the most accurate information
inged seal structures. Earlier studies

dance in different areas based on the
S in a spec1fned amount of ‘time, or by

uctures:(e.g.’, Smith and Stirling 1975;

Inl some instances, 1nvestigators also estimated the

to estimate. the actual density of
and 1984 searches were laid out in
ns, southern Kotzebue Sound and east of
tensively within each area to obtain an
ctures. - The resultant densities of the
ed not .only ;as an indication. of the

s in different -geographic areas or

of particular importance as 'pupping

within our gridded'searChes was on the

fin 1984, the dogs located an average of

n2) in 4 study grids totalling about
ebue Sound was somewhat lower, 7.1/km2

dogs worked a Tine only once, density
timating the 'strip width that the dogs
by . 1ength of . the 1ine to calculate the

(either: 50 m: or 200 m) from the line
nd Cape Lisburne pack ice searches in
this manner are not strictly comparable
searched only. once. Comparisons within

found ‘on first and multiple searches
mate]y 6OA 70% of the total structures

rches in 1983),- or by totalling all

. ' .
i . .
H
- . ; .
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within 200 m of the line-'Gniwthe *first *search-:(see sections D and E, Search
Effort and B1ases) Thus, a correction factor should be applied to dens1t1es
from line searches before they are compared to those from grids. We used a
muitiplier of 1. 54 corresponding to a 65% detect1on rate on first searches

. After correct1on factors were applied, compar1son of all of our study
areas indicated that the highest densities of total structures were in the.
northern Bering Sea (12.8/km2), the pack ice off Cape Lisburne (10.0/km?),
and, based on a single 3.7 km line with only 9 structures, outer Peard Bay
(18. 2/km2) (Tablef 51). Densities on the fast ice east of Cape Lisburne were
also quite-high. |The lowest density found by us along the Alaska coast was in
the Beaufort Sea (3.6/km2). Kelly et al. (1986) reported even lower densities
{grsffezﬁeaufort;Sea in 1983 (0.8/km?) and southern Kotzebue Sound in 1984

.5/km?),

Densities reported by Smith and Stirling (1975) for inshore and offshore
areas of- Amundsen Gulf were similarly low. However, their technique for
estimating density was quite different. Dogs were allowed to search an area

- for 30 minutes, during which time investigators estimated that they covered a

roughly circular hrea with a radius of about 1,000 m or about 3.1 km2. Lukin
and Potelov (1978) reported the h1ghest dens1ty of ringed seal structures
found anywhere [ In Kandalaksha Bay in the White Sea, the density of
structures in ice of 30%-40% deformation was 27/km2 in water deeper than 10 m
and about half. that in water 3-10 m deep. Elsewhere in the White Sea, the

dens1ty of total rtructures varied from 8.3/km2 to 12. 3/km2 (Table 51).

Data were available for 2 years=1n several areas in Alaska. Near Cape
Lisburne, the corrected density for 1983 and the average density for grids in
1984 were similar. In contrast, there was a 4-fold difference in densities
between years <in|the Beaufort Sea and a 3-fold difference in Kotzebue Sound.

It is likely that some of this can be attributed to differences in technique

and to d1fferences in exact location of study areas since densities were from

“our work for one year and from Kelly et al. (1986) for the other. Annual

variation was probab]y also a factor, as has been reported by other
investigators. Luk1n and Potelov (1978) noted a 30% reduction in structure
density between 1972 and 1973. Smith and Stirling (1975) found 1 pupping lair

. per 6 minutes of{searching near Iluvilik in 1973 compared to 1 per 64 minutes

in 1974. In other areas and other years, densities remained similar from one
year to the next|, although comparisons were comp11cated by changes in search
technique (Smithjet al. 1978; Smith and Hammill 1981).

Regional dilfferences in the density of lairs were also substantial,
ranging from a low of 0.6/km2 in the Beaufort Sea .in 1983 to a high of 6.4/km?
east of Cape L1sburne and 12.2/km2 in the small Peard Bay sample. The areas
with the h1ghest densities of total structures, the northern Bering Sea and

the Cape L1sburne pack ice, did not have particularly high dens1t1es of 1a1rs

Data were ava11ab1e on dens1t1es of pupping lairs for on]y a few areas of
Alaska, since the coast-wide survey in 1983 was conducted prior to the pupping
season. As was]the case for total lairs, the density of pupping lairs was
highest near Cape Lisburne (1.6/km2). Pupping lairs were also numerous on
Grid 83-2 in Kotzebue Sound (2.2/km2). However, based on 2 years of study,
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Table 51; Regional abﬁndanqe of ringediseal structures in Alaska and elsewhere.

i
|

Mean density/krﬁ2 (range)
~all . pupping all v
Area - . lairs, lairs' | structures Source . :

Northern Bering | e -
Sea - 1983 3.6 | 0 3 12.8 : This study -~
S o ‘ . Tables 13 and 14

Southern Kotzebue K

po 3'2f4'

Sound - 1983 4.5 0.8 ;| 7.1 This study - Table 18,
(4.4-5.3) (0.5-2.2) (6.8-8.5)
1984 - 0.7 ;A 2.5 Kelly et al. 1986
Northern Kotze?ue s - _? ¥ ' '
Sound - 1983 1.1 -+ o 6.8 This study -
' = ' . ' Tables 13 and 14
Cape Lisburne 1 _ i . , U o
fast ice - 1983 3.0 ¢ 0o 9.0 This study - Tbls 13, 14
1984 = 6.4 1.6 8.6 : This study - Tbis 31, 32
1 5.0-7.7) (0.4-1.8) (6.8-10.8)
pack ice - 1984 3.5 ! 0.5 ! 10.0 This study - Table 41
I : | o “and text v "
Peard Bay - 1983 12.2 { -0 ; 18.2 v This study - Tbls 13, 14
Beaufort Sea - 19821 1.9 i 0.3 | 3.6 This study
1983 0.6 - ! 0.8 . Kelly et al. 1986
Amundsen Gulf - S ;
inshore - ! T 1.3 N Smith & Stirling 1975
offshore — 1 - 0.5 . Smith & Stirling 1975
‘Eastern Arctic . 1.5 i 0.7 ' | f2.8 | » :
_ : : ‘ o (0.4-3.1) (0.8-16.5) Smith et al. 1978
Central Arctic  + = § - ? 5.2-7.9 ~Hammill 1987
White Sea 3m-10m - i 1.5 | 13.1 Lukin and Potelov 1978
>10m - 9.0 | 27.0
Kandalaksha Bay | L 3 S
- Solovetski Isls . - 4.6 - 8.3-12.3 Lukin and Potelov 1978
b - ;
{

‘ : : _ S N : . ‘

1 Values have been adjusted upward byla factor of 1.5 based on the assumption that

dogs find 65% of structures present onja single search of a line.
. N I i . )
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ours and that of Ke]]y et 31. (1986), it appears that annual var1ab111ty in.
ice and snow conditions and therefore density of structures and suitability
for pupp1ng is far greater in Kotzebue Sound than near Cape L1sburne.

Data from aerial surveys in 1976, 1985, and 1986 also suggest greater
stability in den51t1es near Cape L1sburne than in Kotzebue Sound.(Frost et al.
1985, 1987). Dens1ty ranged from 1.0 to 1.9 seals/km? between Cape Lisburne
and Po1nt Lay, andrfrom 0.3 to 1.7 in Kotzebue Sound. In each of the 3 years,

"r1nged seal denS1t1es in the Cape Lisburne sector were among the h1ghest in

Alaska. 1In contrast Kotzebue Sound had the lowest observed dens1ty in 1976
and the highest in 1986 : ;

An extrapo]at1on of the den51ty of pupping lairs to- the est1mated number
of pups born reinforces the relative importance of the eastcentral Chukchi Sea
as pupping hab1tal Based on 3 years (1985-1987) of aerial surveys (Frost
et al. 1985, 1987, 1988), the average area of fast ice between Cape Lisburne
and Point Lay (sector C4) was 2,900 km2. At 1.6 pupping lairs/km2, this area
would have produced - approx1mate1y 4,600 ringed seal pups in 1984, By
comparison, 8,900 km2 in the central Beaufort Sea (sector B3) at 0.3 pupping
lairs/km? wou]d have produced only 2,670 pups in 1982. These are probably
overestimates of Pctual pup product1on, especially near Cape Lisburne, since
grids were 1ocated in areas that appeared to be good pupping habitat. Our
data indicated that most lairs were located in ice of 10%-40% deformation.
During aerial surveys in 1985-1987, about 40%-60% of the fast ice in the
central Chukchi Sea and 50%-60% of that in the central Beaufort Sea was
classified in the/10%-40% deformation categorles

. Arctic foxes|and polar bears are natural predators of ringed seals (Smith
1980; Stirling and McEwan 1975). Polar bears hunt and kill juvenile and adult
seals year-round [as the mainstay of their diet. Both bears and arctic foxes
hunt newborn ringed seal pups in the spring (April and May) by excavating or
entering 1a1rs and k1111ng the pups before they can escape to the water.

Lair stud1es in 1982- 1984 were conducted from March. to May, both before
and during the pupp1ng period. Our data provide a general indication of
predator activity and the extent of predat1on on pups during.spring..

Polar bears jwere present in abundance only on.the lines and grids studied
in the eastern Chukchi Sea in 1984, Although polar bears passed through our
1982 Beaufort Sed study area on 2 occasions, they did not mark or excavate any
of the. structure§ we found. The highest incidence of fresh polar bears tracks

~was encountered during the pack ice searches in-1984 on line 11, where 28 sets

of fresh tracks were crossed in 3.3 km. On the fast ice, the greatest.polar
bear activity occurred in Grid 84-1,'where a sow with new cubs hunted for

several days.

During. our | 1984 field season and during the entire w1nter of 1983- -84,
polar bears were very abundant along the Chukchi Sea coast. Harvest records
obtained by the U.S. Fish and Wildlife Service reflect that abundance.
Reported bear hdrvests in the region between Bering Strait and Barrow during
the time perlods of July 1 to June 30 (the record1ng year) since 1980 were:
1980- 81)- 46; 1981-82 = 62; 1982-83 = 49; 1983-84 = 182 (Dale Tay]or, pers.
commun. ). S v
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The relative abundance of arct1c§1oxes, as 1nd1cated by tracks, was qu1te

variable in the different!study areas.

on fast ice in the southcentral Beaufov
in southeast Kotzebue Sound in spr1ng
near Cape Lisburne in spr1ng 1984, an

time we worked on the pack ice in 1984.

fox abundance varies in response to
(Microtus spp.) and 1emm1ngs (Lemmusi §

They were of low-to-moderate abundance
t Sea during .spring 1982, almost absent
1983, moderate]y abundant on fast ice
d occurred in low abundance during the
It is common knowledge that arctic
regular changes in abundance of voles
ibiricus). Trappers that we talked to

from Point Hope, Point Lay, and Wai

abundant during the w1nter of 1983-84.

Polar bears hunted | seals d1fﬂerent1y than did arctic foxes.

collapsed or pushed in!lairs or d
obliterated the lair, whereas foxesbe
Bears sometimes uncovered breath1ng
breathing holes entered by foxes had

wright indicated that foxes were not

Bears
g very large holes which completely
ntered lairs by digging small tunnels.

holes as well "as lairs. . The only
small chambers around them and were

probably in the process of being en]arged to 1a1rs

L

 There were substant1a1 difference
predator activity (Tab]e 52).
predator activity was 1n southeasten
marked only 3% of all structures and

polar bears were present.. In combinat
structures found in the 5 study gr1d

incidence was in the Cape Lisburne arja in 1984, where both arctic foxes and

marked more structures, opened more 1a$rs, and killed more pups than did polar.

bears. - In the Beaufort Sea study are
marked and entered a smaller proport

they did near Cape Lisburne. Foxes
until early Apr11, at which time there
and other sign. First indications tha
4 Apri] when pup remains were found in

’ i
Polar bears were the predom1nant

and/or entered more structures than
found in our pack ice searches was ma
Smith (1976, 1980) also found that mos
~ off shore, whereas fox act1v1ty was gr

The total amount of successful‘p
‘as the number of k1lls,per numberto
- Kotzebue Sound (7%) and high on the
and eastcentral Chukchi 030%) seas. ?A
found on the pack ice. ' Nine other
opened without a successful kill, In
fox predation rate fromi1972-1974 av
with a range similar to that found 1n
in 1973-1974). , ‘ o
We compared the number of struct
kills, to estimate the success ra
(Table 53). Off Cape Lisburne in 198
at 9% of the structures they opened on
Smith (1980) reported similar success

I
i

¥
1

On {th

L among study areas in the incidence of
e fast ice, the lowest incidence of
n Kotzebue Sound in 1983 where foxes
entered 5% of all.lairs. -The highest

on,  those 2 predators marked 47% of the
and entered. 37% of all lairs. Foxes
in 1982, foxes were quite active, but
ion of total structures and lairs than

was a not1ceab1e increase in fox tracks
t seal pups were be1ng born occurred on
fresh fox feces.

predator on the pack ice. They marked
arctic foxes, and the single pup kill
de by a polar bear. In Amundsen Gulf,

3t polar. bear predation occurred farther
eatest near shore

redation on r1nged seal pups, expressed
f pupp1ng lairs, was low in southeast
fast ice of southcentral Beaufort (30%)
pup was killed at 1 of 2 pupping lairs
non-pupping lairs on the pack ice were
the Amundsen Gulf area (Smith 1976), the
eraged about 26% of all pupping lairs,
our study (about 9% in 1972, and 34%-40%

tes of polar bears and arctic foxes

4, polar bears successfully killed pups
pack ice, and 16% of those on fast ice.
by bears on: fast ice of Amundsen Gulf

were present in re]at1ve]y low numbers

ures opened or eritered to the number of

. - ; .
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Tab1¢ 52. 'Predatbr'presence'5nﬂ»prédation atwr1nged seal structures, 1982-1984,

Inc]udesvonly tho

se structures‘on grid 83-1.

AN Pupping |
| _ __structures - . Kitls/ -
- Year Location Predator N % marked N 7% entered N km?
1982 Beaufort Sea-| : ,
fast ice ~carctic fox 157 32.9 78 _10 -
1983 SE Kotzebue |
‘ Sound - 1 : ‘ . : o
fast ice arctic fox 185 3.0 120 14 7.1 0.04
- 1984  Cape Lisburne arctic fox 247 42.1 183 44 2.7 .0.33
: fast ice polar bear 247 - 8.9 183 44 6.8 0.10
11984 Cape Lisburne| - arctic fox 59 3.4 2l 1. 0.0 0.0
' pack ice polar bear 59 17.0 21 2 0.0 0.1%
1
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sful predation attempts at seal-made structure!

g
that occurred at!pupping lairs.
o ! !
{ 1
? Attempts
: : resulting l
3 Pupping lairs. in kills (%)
| 1. o
o %lof : lI
@ total kL non-
o _ . 1 : struc- of all % of pup- pup- _
Year Location Predator ltures attempts kills ping ping all l
: . i . o
%983 ) SE _KotZebue ‘;arc'tjc fox ;’ 8 20 100 0 100 20 .
n=185 Sound - fast i . ' '
' ice a3 |
1984 ~ Cape Lisburne - jarctic fox | 18 38 90 3 - 47 20 l
(n=247) fast ice ipolar bear 18 32 100 ¢c - 50 16 -
(n=59) . pack ice ipolar bear 3 9 100 0 50 9 I
%982 ) Alaskan ~ arctic fox 7 43 1100 o s0 21
n=157 Beaufort Sea - ' : ) '
fast ice | o
1971-74  Amundsen Gulf ?arctic fox ;| 32 . 53 100 0 50 27 B
(n=370)  (Smith 1976)  polar bear | - - - - - 20
_ ! I
' 1971-75 Canadian Arctic ‘'polar bear | - - - - 8
(n=676)  (Stirling & | l
Archibald 1977)j !
1972-75 E. High Arctic  polar bear - - - i - 6'
N i ‘ . : : _
%976 ) EZ High Ar‘ct;c ‘polar bear | 36 'majority" 8 29 20
n=207)  (Smith 1980) o S , . l
%979 )- SoutheaS?ern ipo]af’bear d o 93 8 47 33
n=222 Baffin (Smith . . : 8
ST 1980) | | ]
1984 Svalbard - arctic fox 4 e s 17 38 32
(n=90) (Lydersen anc)i | polar bear I 100 0 25 8.
Gjertz 1984) @ !
NSNS L , ]
1 Number -of total structures unknown ;
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and the High Arctiic (20%) and somewhat higher success off southeastern Baffin

.~ Island (33%). Stirling and Archibald (1977) found that bears were successful

on 6% of attempts in the. eastern High Arctic, and 8% of attempts in the
western Arctic. Kelly et al. (1987) estimated a 75% success rate of po]ar
bears at pupping 1a1rs by follow1ng bear tracks and record1ng kills.

Arctic foxes {were successful on about 20% of the attempts documented in
all of our stud1es and 27% in those conducted by Smith (1976) in Amundsen
Gulf. “Lydersen and Gjertz (1984) reported a somewhat higher success rate of
32% for foxes near Svalbard. In a11 areas, a1most a]] kills (83%-100%) were

. made at pupping 1a1rs

The frequency w1th wh1ch pupping lairs were entered was 2-3 times the

" frequency at wh1ch they occurred relative to other structures. It appeared.

that bears and fokes could either distinguish between structure types before
digging, or thatlthe1r search patterns increased the probability that they
would encounter pupping lairs. Although over half of all predation attempts
occurred at structures other than pupping lairs, on]y an occasional kill was
made. Approx1mate]y half of all attempts at pupping lairs (29%-100%) were
successful," compared to 0% to 17% at other structures. Bears and foxes were

. apparently similarly successful in predat1on attempts on pupp1ng 1a1rs.

The actual rate of predation varied by area and by year, probab]y due to

a combination of predator and prey abundance. In our studies, the number of

pups killed by foxes and/or bears ranged from a low of 0.04 kills/km? in

southern Kotzebue

Sound (foxes only) to a high of 0.43 k111s/km2 on the fast

ice near Cape Lisburne (both foxes and bears) .-

D. Alteration ard.Abandonment of Structures

How various

factors influence the use of subnivean structures by r1nged

seals is an 1mportant question. The highly variable and dynamic nature of sea
ice and the overlying cover of snow limit the location, number, and kinds of
structures that sea]s can make and maintain. The movement of ice can destroy

. or alter ex1st1ng structires or it can result in conditions favorable for

their construct1on As an example, landfast ice can break loose and become
1ncorporated intd the pack. At lower latitudes pack ice, which is less
stable, is not a|preferred habitat for construction of comp]ex and pupp1ng

lairs. Leads in
irregularly open

the pack ice -and along the seaward margin of fast ice
and close, alternately destroying ‘existing subnivean’

structures, or creating conditions favorable for the construction of new ones.
This is espec1a11y true when 1leads open and subsequently freeze over,
providing the opportunity for seals to establish new breathing holes.

Pressure on both
promotes greater

- process was well

Ringed sea]s
ice cover. They

pack and fast ice results in ridging. This, in turn,

accumu]at1on of snow and allows construction of lairs. That -

111ustrated by Smith and Stirling. (1978) and Smith (1987).

have adapted in several genera] ways to the var1ab111ty of
select certain conditions in which to construct different

kinds of ‘'structures. They may modify structures as ice and snow conditions

permit (i.e., the

structures.

progressive change of a breath1ng hole to a simple lair and

. then, in some cases, to a complex or pupp1ng 1a1r), or they may abandon
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Factors add1t1ona1 to ice dynamig
-of structures by seals.: Social inte

{
construction and ma1ntenance of different structures.

can result in modified patterns of
frequency of predat1on at pupping lain
no doubt the major contributing facto
such structures.
southeastern Kotzebue Sound

structures were abandoned.
’ |

in 19‘81

s may also result in change of the use
raction, among seals may influence the
Activities of predators
use by seals. As examp]es, the high
s in the Cape Lisburne area in 1984 was
r to the abandonment of 13 of 44 (30%)

Conversely, the incjdence of predation at pupping lairs in

was very low and none of 27 such

-Human -activities maj also a]terl the use of subnivean structures by seals.

-Sources of human-caused d1sturbance

during this study included the noise and

vibrations resulting frqm seismic exp]orat1on and construction of a gravel
- island in southcentral Beaufort Sea during 1982; the noise associated with the

Cape Lisburne radar fac111ty, airstry

ip ‘and dump, noise resulting from our

repeated travel (on snow machines) !in the study areas; and our opening of

structures to inspect and measure them.

1

Data from the 3 years of our study were grouped.in relation to the degree

and kind of disturbance 'to which seal
free of - anthropogenic d1sturbance?
activities (Group B); d1sturbance by
predators (Group D). 1

Group A compr1ses structures not
prior to being located.: The samp]es

s were exposed as follows: essentially
(Group A); disturbance by industrial
1nvest1gators (Group C): d1sturbance by

subjected to anthropogenic disturbance
include those structures found in the

pack ice and during 1n1t1a1 searches of grids on fast ice near Cape Lisburne

in 1984, excluding Grid 84-5; the ur

disturbéd, non-ice road portion of the

Kotzebue Sound grid searches; and the extensive coastal survey of fast ice,

undertaken
entered by predators are not 1nc1uded
(1988) have also been included,
areas Repeated human- caused noise
structures were located and exam1ne$

Group B includes f1rst visits to

in 1983 from Norton Sound to Peard Bay.

Structures that were

in these data sets. Data from Kelly et

since they are from the same geographic

was not significant at the time these

structures in the Beaufort Sea in 1982.

~ A11 search lines were located in areas where they were subjected to some form

of industrial activity.:
seismic trails that had been bulldoz
seismic exploration crews worked, eith
"control" lines were not traversed
Island, an artificial gravel island

that was under construction.

The majority of the lines that were searched were

ed and prepared as ice roads on which
er before or during our study. Although
by seismic crews, they were near Seal
Structures

found from the 1982 control 11nesfwere previously considered to have been

relat1ve1y free of anthropogen1c disturbance.
conclude that they were

others’ (cf. Kelly, et al. 1988)$

significant disturbance over a pro]onged time.

After reevaluation we, and
subjected to

Trucking, gravel dumping,

bulldozing, compacting, ice removal, and generator noises occurred near and on

~ the island. This activity started 1n

seals would have established terr1tories
essentially free of human -caused d1sturbance;
included
The gr1d was c1os= to the Cape Lisburne Air Force site and
from trucks, airplanes, and bulldozers

on Grid 84-5, which 1is also
occurred all year.
‘was  exposed to noise and v1brat1ons
} .

late February/early March, after ringed
in an area that was initially
This situation was unlike that

in Group B, where moderate activity
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_structures were opened and

~destroying many lairs.
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(thése were on land), as well “as ‘fo smoke, ashy and other wind-blown debris
from the dump. Seals probably had to be tolerant of noise and odors in order

to initially establish territories.

‘Group C is made up of structures subjected .to disturbanceﬂ by the

‘investigators, including revisited structures found in the 1982 searches in

the Beaufort Sea and the 1984 searches in grids near Cape Lisburne. Those
‘ ‘ reconstructed, one or more times, by the
investigators. Abandonment occurring between the first and last visits by
investigators may lhave been attributable to disturbance by our activities.

.Structures within 200 m of an intensively travelled refrozen lead in Kotzebue

Sound that was used as our transportation corridor for 18 days, and which was
adjacent to our camp, are also in this group. ‘ o '

Group D includes structures that were entered by predators (foxes and
bears). At some Structures a kill had been made. The Chukchi Sea sample =
inc]udes,predator—éntered structures from Kotzebue and Cape Lisburne grids.
On one grid, 84-1,}a sow and two cubs had hunted for several days, opening and
Forty percent- of all structures on that grid were

opened by either foxes or bears.

In aggregate, Group A (n=877) had the lowest abandonment rate of 6%
(Table '54). Samples in this. group were not exposed to anthropogenic
disturbance, nor to predation. Within Group A, abandonment ranged from 4% to
11%. The highest| percent of abandoned structures occurred on the Kotzebue

‘Sound grids, especially grid 83-2 where 16% of the 50 structures were

frozen. That grid was searched in early May in very warm weather. Lairs had
begun to collapse |and melt and cracks had opened up in the flat ice nearby,
where many seals hauled out.

Group B, which included structures exposed to seismic exploration, gravel
island construction and the Cape Lisburne Air Force site and dump, had a
significantly higher rate of abandonment than did the undisturbed structures
in Group A (x2=20L873, p < 0.005). Of 147 structures, 11% were abandoned.

This is almost double the 6% abandonment for Group A.

" The highest abandonment documented in our study occurred in' structures
that were opened by predators (Group D). Of 88 structures opened- by bears or
foxes, 32% were frpzen. Predation attempts by bears resulted in a much higher
rate of abandonment (58%) than entry into lairs by foxes (22%). This is not

' too surprising since the holes dug by bears generally demolished the entire

lair whereas most [fox holes were only 6-8 dinches in diameter.

The real significance of the abandonment shown for samples in Group C,
those disturbed by investigators, is. unclear. In earlier draft reports for
this project, the| rates of abandonment found on revisits to structures were

interpreted as un

usually high and were attributed to disturbance caused by

investigators. However, the proportion of abandoned structures for first-time

‘searches of areas!

measures abandonment that has occurred over some unknown

period of time during which the scent from an abandoned structure persists.

Presumably, after

the structure dissipates and eventually disappears.

this to occur i

an unknown number of days or weeks of disuse, the scent in
The time required for
S probably somewhat variable, depending on temperature,
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- Table 54. Number of structures

examined (N)
abandoned (n), grouped according
area. Unless otherwise noted dat

in relation to the number that were
to the type of disturbances in the
a are from this study.
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|
|
, ! A1l structures
‘Sample ! Disturbance: N n (%)
_ J -
|
A. No anthropogenic disturbance f
Chukchi Sea pack ice, 1984 | none 43 3 (7)
Cape Lisburne grids, 1984 none \ 164 10 (6)
Kotzebue Sound grids, 1983 .none 199 21 {(11)
Kotzebue Sound, 1984 ‘ )

(Kelly et al., 1988 & pers. comm.) none 156 8 (5)
Bering/Chukchi Coastal Survey, 1983 none 114 4 (%)
Beaufort Sea, 1983-87 ; _ o ‘

(Kelly et al., 1988 & pers. comm.) none 201 7 (4)

t ’
f CTOTAL 877 53 (6)
=
B. Subjected to industrial activity?
Beaufort Sea, 1982 ! s?ismic survqjs,
f ifland building 134 15 {(11)
Cape Lisburne Grid 84-5, 1984 ?irforce site, |
' g dump,| machine noise 11 1 (9)
f £ : .
| j TOTAL 145 16 (11)
i |
C. Disturbed by investigators |
Kotzebue ice road, 1983 f spowmachine traffic: '29 6 (21)
Cape Lisburne revisits, 1984 } investigator examinations 99 22 (22)
Beaufort Sea revisits, 1982 investigator examinations 102 13 (13)
; TOTAL 230 41 (18)
D. Disturbed by predators i
Beaufort Sea, 1982 i structuresvppehed by
: | foxes or bears , 14 4 (29)
Chukchi Sea, 1983-84 | structures opened by :
' 1 foxes or bears 85 25 (29)
i
| TOTAL 99° 29  (29)
i

- 3
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humidity and snow conditioné; It 'is likely, over a period of several weeks,
that such differences average out, and consequently, it is probably reasonable
to compare rates of, abandonment for samples made up only of first-time visits.

i

It is more coqp]icated to interpret data on abandonment occurring between
first and subsequent visits. Would those holes have' frozen regardless of
disturbance by ipvestigators? -Did they freeze. only because of the
investigators? or was it some combination of both? Previously, abandonment
noted on successive visits has been treated ‘as additive (Frost & Lowry 1988,
Kelly et al. 1988). ' In the Beaufort Sea in 1982, the  abandonment rate
attributed ‘to investigator disturbance was based on cumulative freezing for
all visits combined. This was determined by counting the number of frozen
structures at the time of the last revisit as.follows: 19 of 149 structures
were frozen on the] first visit; 89 of those that were open were revisited and
13 more found frozen; 72 of those that were open were revisited a third time
and 5 found frozeh;-the total abandonment was then calculated as 19F (lst
visit) + 13F (2nq visit) + 5F of 72 (3rd visit) = 37F of 104 = 36%.
Structures were relocated by marking them with stakes and mapping them
relative to search lines, rather than searching for them a second or third
time with dogs. This meant that the revisit data did not necessarily measure
what the dog would have located using scent cues, and therefore may not have
been comparable toldata obtained from searches by dogs. In retrospect, it is
possible that on Jater searches the dogs would not have located structures
that had been found frozen 2-4 weeks earlier. B

In the 1982 Beaufort SeaAsamp1e,‘11% of structures found for the first
time were abandoneH. Between the first and second visits (most revisits were

© 2 or more weeks‘hater) 13% of the originally open. structures froze, and

between the second and third visits, 7% froze. In both revisit samples, the
new freezing was ‘Similar to the rate found on original visits. There was no
difference between structures that were probed, and therefore .disturbed very
little, and those|that were opened. It is possible that this new freezing

~ represented natural changes rather than investigator-induced disturbance. On

the Cape Lisburne|grids all structures were opened and, since the snow was
quite deep, some oF the excavations were major. Furthermore, since these were
grid searches, there was frequent and repeated snow machine traffic throughout
the grids. The abandonment rate on second visits to structures on the Cape
Lisburne grids was substantially higher than in the Beaufort Sea. Of 99
structures that were revisited, 22% had frozen since the initial visit (three
times the rate of [freezing found on first visits). . ‘ o

It -should pe possible -to differentiate natural abandonment and
disturbance-induced abandonment by examining the rate -of = freezing. If
abandonment was occurring at a relatively constant natural rate, we would
expect a linear increase in the number of frozen structures with time. If
‘however, freezing|was disturbance-induced, we would expect a marked initial
increase in freezing, than a tapering off. Our revisit sampling effort. was
not equally distributed over different time intervals. In the Beaufort Sea in
1982, only 14% of second visits were made within two weeks of the initial
discovery compared to 64% made two to three weeks later and 22% made three to.
five weeks later.] On the 1984 Cape Lisburne grids, all revisits were made

within 12 days an
Beaufort Sea samp
had frozen. In ¢

d most (over 70%) were within the first 2-7 days. In the
le, only 2 of 23 (9%) structures revisited within two weeks
ontrast, near Cape Lisburne, 3 of 22. (14%) had frozen by the




third day, and 16 of 76 (21%) by revi

We think this suggests  that a substant1a1
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sits made on or before the seventh day.
part of the abandonment that

occurred between rev1s1ts on the Cape Lisburne gr1ds was due to disturbance

caused by our examinations, whereas th

area may have  been unre]ated to investigators.

attributable to the great care taken

|

and to the careful reconstruction of

e new freezing in the Beaufort Sea study
This 1is presumed to be
not to unnecessari]y disturb structures
structures in the Beaufort Sea. In

addition, since the Beaufort Sea searches were not grid searches, there was

" less frequent investigator activity ne
- . o o
In aggregate, the dama in Table |5

ar structures

4 demonstrate that disturbance, whatever

the cause, resulted in increased; abandonment of subnivean ringed seal
structures. In areas with industnial activity, almost twice as many
_structures were abandoned as in areas without industrial activity. The most

extreme disturbance, excavation by predators, resulted in a five- fold increase

in abandonment.

Depend1ng on study{methods, investigator disturbance may or

may not s1gn1f1cant1y affect the abandonment of structures by seals.

E. Eva1uat1on of Methodo]ogy

" The use of trained dogs to locate subnivean ringed seal structures allows

the investigation of several aspects
that are otherwise difficult,
structures are covered with snow and
be eas11y or efficiently located dur1

if not impossible,

of the winter ecology of ringed seals
to study.  Because seal
invisible from the surface, they cannot
ng winter without the use of dogs. In

late spr1ng, lairs collapse as the snow melts, and some are opened by seals in
order to gain access to the snow. surface on which they bask in the open. It

- is then possible to see holes fro
photographs because of the extens1ve
from them. However, such observations
of holes, but provide no 1nformat1on 8
or predation, | |

' :

By using dogs to search areas in

m the air and detect them in aerial
meltwater drainage patterns radiating
, at best, allow enumeration and mapping
bout structure characteristics, pupping,

a systematic, fashion, it is possible to

determine and make geograph1c comparxsons of the density of structures, the

types and proportions of structures,

the presence and relative abundance of

pupping lairs, and the incidence of predation by arctic foxes and polar bears.
. . t

Working with and tra1nfng dogs

familiarity with dogs and attention to detail,

to search for seal structures requires
Successful searches for

structures are totally dependent on {the performance of the dogs, and while the
presence of structures can be ver1f1=d by the handler, their absence cannot.

It is essential that the dogs are we]
muscles, fat1gue,
activities. " The trainer must be sure
or bear scent.
a structure has been found,
area. The dogs must ibe discourag

or Lco]d temperatures do

1 cared for to ensure that sore feet or
not vrestrict their search
that the dogs are not distracted by fox

Dogs must be taughtlto continue to 'search.an area, even though
in order to detect multiple lairs

in the same
ed from merely running to previously

discovered and marked sfructures for an "“easy f1nd"

An exper1enced dog‘w111 1nd1cate

. over the breathing hole, whereas a nov1ce dog may be off by 1-10 meters.

This

must be considered if structures are [to be probed but not dug into in order to

determine their status.

I

The hand1er must ;be able to

interpret the dog's

presence of a structure by digging right .

- "l
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behavior in order to determ1ne when it may be“having d1ff1cu1ty in detecting
scent, when or if |it is running by a structure because it has scented another,
or when it is not [locating structures because it is bored, tired, or otherwise -
reluctant to work. : o

- If the results of different studies utilizing dogs are to be compared, it
is necessary to be familiar with the methodology employed in each study.
While dogs trained and reinforced in a similar manner perform similarly, those
trained for a d1fferent study objective may search somewhat differently. For

. example, dogs conduct1ng grid searches work closer.to the search 1line than do

dogs working one- t1me only search lines. . Dogs may be. taught to search along
predator tracks, tlo concentrate on ice features (such as pressure ridges) that
are likely to contain structures, or to seek or avoid previously located
structures. : : : C

If intensive|searches, such as grid searches, are to be conducted, it is
useful to have more than one trained dog. This provides a backup if one dog
is- injured or otherw1se unable to work. It allows investigators to more
efficiently utilize their time, since a single dog will not work well for more

-than 12-18 km of|Tine, or 6- 8 hours per day on a sustained basis. Within

these 1limits, a dog can be worked daily for an extended: period of time.
Depending on the dog, these 1imits may be exceeded for a few days, but the dog
must then be rested for one or more days 1n order not to compromise the
resu]ts ,

The use of two dogs also allows per1od1c checks 'to ensure that both dogs.
are working eff1c1ent1y and are finding similar types and numbers of
structures. If one dog's performance is questionable, areas can be searched
again by the other dog, to verify results. In this study, we found that our

~ two dogs performed in a comparable manner. Mean and maximum distances from

the search line ]at which the dogs detected structures and the number of
structures found per kilometer of search line were similar. The dogs' success
was similar under different wind speeds and angles to the search line, and
both dogs found S1m11ar proportions of breathing holes and lairs. We also

- found that the two dogs were equally effective in all moderate wind speeds and

all angles between wind and search lines. Despite the perception that some
winds were better than others for searches, this did not appear to be the
case. (See section D2 and E2 for detailed discussion of search biases. )

In comparing the results of searches conducted by different methods, such
as grid searches|and one-time-only searches, it is necessary to know what
proportion of the total structures present are located the first time a dog
works a line. In|1983 in Kotzebue Sound, we found that 56% of the structures
were detected on the first of two searches. In 1984 near Cape Lisburne, based

on grid lines tha
were found on the
structures, and

structures were ]
first-time searches in 1984 in a somewhat different manner,
itotal number of structures found on the first search of all

effectiveness of
by comparing the
lines to the tota
Using: this method

't were searched twice, we found that 73% of the structures
initial search. However, additional searches detected more
overall, for lines searched 3 or 4 times, 65-67% of the
found on the first search. We also calculated the

I number of structures found on the grid after all searches.
, we determined that 41% of the total structures were found

on the first search if we assumed the dogs were effective over a 400 m str1p,
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or 60% if we more conservat1ve1y estimated a 200 m;strip.
Based on data from both years of studies

distance of detection was 125-150 m.
it is probably reasonable to assume th
of the total structures present within

Limitations 5 }

While - searching w1th dogs is J
structures, there may be problems whe
assess the effects of anthropogen1c$c
seals. Comparisons based on firstitl
abandonment rates in disturbed and un
to distance from a noise source,. ta
- consider them valid. However,' com
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In 1983, the mean
at one-time-only searches detect 60%-70%
200 m of the search line.

good way to find subnivean ringed seal
n results of such studies are used to
isturbance on the use of structures by
ime searches, such as those comparing
iisturbed areas, or abandonment relative
re relatively straight-forward and we
arisons of abandonment that utilize

revisits to structures to measure change relative to a particular event are

probab]y not valid. Invest1gators
"unnatural" abandonment of structures
Furthermore, abandonment rates deten
structures, without the use of a
characteristics of the structures. [T
structures, both open and frozen, whet
the dogs clearly can and do find froze
may dissipate quite rap1d1y, such that
been frozen for some, as yet unknown,
|

If revisits are made that do not
intervals in both exper1menta1 andic
revisit only the structures in the ex

in this sample to the 1n1t1a1 abandonment.

revisited. If dogs are used to re]o

can, depending on methodolgy, cause
between the first and subsequent visits.
mined from revisits to mapped, marked

dog, are independent of the scent
his makes it possible to return to all
her they retain any odor or not. While
n structures, odor at a frozen structure
dogs do not locate structures that have
period of time,

rely on dogs, they must occur at similar
ontrol areas. It is not sufficient to
perimental area and compare abandonment
. The control area must also be
cate structures, care must be taken to

ensure that they do not follow 'their old trqcks or visually relocate

structures by running toimarker stakes.

We recommend that :future studies

anthropogenic disturbance on the use
should be based pr1mar11y on f1rst'v
designed to minimize ambiguity 1ntropt
effort in experimental and control,
visits to structures. Idea]]y, caref

combined with- radio-tagging of seals

e

intended to measure the effects of
of subnivean structures by ringed seals
isits to structures. Studies should be
ced by investigator disturbance, unequal

areas, small sample sizes, or multiple

ully planned searches by dogs should be
and instrumentation of lairs to provide

direct data on use of lairs and response of sea1s to disturbance.
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