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I. Summary 

During winter arid spring, ,the highest densities of breeding ringed seals 
in Alaska occur alpng the coasts of the Chukchi and Beaufort seas in shorefast 
ice. Fast ice aliso provides a reasonably safe and convenient platform on 
which various phases of petroleum exploration or other human activities can be 
conducted. In re~ponse to ,concerns and prel iminary indications that on-ice 
activity might affect the distribution and abundance of ringed seals, the 
Outer Continental rShelfEnvironmental Assessment Program funded this study, 
beginning' in 1981',j to examine and quantify potential impacts. " 

Aeri a 1 surveys were conducted in the' central Beaufort Sea' in- 1981 and 
1982 as part of a ,!study to determine the effects of on-ice seismic exploratory 
activity on the distribution of ringed seals. Results of line-by-1ine and 
block compari sons I for both years were ambi guous, but genera 11y indi cated no 
overall differenc~ in density of ringed seals in seismic and in adjacent 

,control areas. However, aerial surveys were not well-suited to detecting 
, sma11~sca1e diffe~ences in geographically restricted areas, and consequently 

were not" by themselves, adequate for examining the possible effects 'of 
industrial activi~y. " " ' 

I 

[, , 

To complement the aerial surveys, on-ice surveys were conducted in the 
Beaufort Sea in 1982 in seismic and control areas in order to determine the 
fate of subniveanlstructures made by ringed seals. Trained dogs were used to 
search'295 1inear!km of seismic and control lines, along which they found 157 
structures. Results of the searches indicated that there was no significant 
difference in abarndonment for structures located wlthin 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 vibroseislequipment per se had no different effect' than the aggregate 
effects of heavyl equipment and other noise,. Investigator activity was not 
indicated as a ma1jor source of disturbance in the Beaufort Sea studies since 
87% of both struc[tures that were opened by investigators and those that were 
on1y- probed and ~e-examined at a, later date remained open. For the Beaufort 
Sea sample as a whole, 11% of all structures were found to be abandoned when 
they were first d~tected by dogs and examined. 

I . 

Following th~ 1982 studies of ringed seal structures in areas of intense 
industrial activ~ty, we conducted more general, coast-wide studies in 
1983-1984 to' examine regional differences in abundance and, types of seal 
structures; predation; natural rates of abandonment of structures; and 
characteristics o;f 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 Nbrton Sound to Peard Bay, 64 km 2 in 7 grids in southern 
Kotzebue, Sound antd near Cape Lisburne, and 35 linear km along'12 lines on the 
pack ice near ~ape Lisburne. They located, a total' of 660 seal-made 
structures, ,consisting. of breathing holes and simple, complex, and pupping 

lairS~ata were .JalYZed to assess potential biases in tile number and kinds of 
structures detec~ed by the 2 dogs and the effects of wind on their success. 
The dogs were fdund to be comparable in the maximum and mean distances at 
which they foundl structures, < in the number of structures found per 1 inear 
kilometer, and in the types of structures they located. Neither,the angle of 
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I . 
the wind relative to the Isearch linelnor wind Ispeed (from 0-45 km/hr) appeared 
to affect the dogs' performance. M~ltiple searches of the same lines within 
grids indicated thatt~e dogs fo~ d apprdximately 60%-70% of the total 
struct~res within 200 m ~f a line ohthe fir$t search. This suggests that a 
correction factor must· be used if com arisons lare to be made between densities 
of seal structures basedj on single j arches of 1 ines and those from multiple 
or grid se·ar.ches~ I Il . '. 

I ~ 
The composition of ~94 identifled structures found during 1982~1984 was 

40% breathing holes, 39~ simple la1i s, 10% ,complex lairs, and 10% pupping 
lairs. On fast ice, lai~s made up 5 % of all structures in the Beaufort Sea 
in 1982, 64% in Kotzebue Sound in i9 3, and :75% near Cape Lisburne in 1984. 
Only 39% of the structur~s in pack i~ were lairs.' . . 

The highest densityl of seal stJu tures ~ithin our study grids was on the 
fast ice east of Cape lisburne, wh re the dogs located an averagl~ of 8.6 
structures/km2• The density in sout ern Kotzebue. Sound was somewhat lower, 
7.2/km2. Corrected valoes from li~e searches, which take into account our 
findings that tHe dogs fbund approxi~ tely 65% of total structures on a single 
search of a line, indic~ted high d~n ities ~f structures on fast ice of the 
northern Bering Sea (12.i8/km2) and IP ard Bay: (18.2/km2), and on pack ice off 
Cape Lisburne (l.0.0/km2)1. The lowes structure densities in Alaska occurred 
in the Beaufort Sea (3.6[km2). l 

The best pupping h'abitat along the Alaska coast, as indicated by' the 
density of pupping lairsl in our study areas in 1982-84, was on the fast ice of 
the central Chukchi Sea'i east of Cape .Lisburne. Pupping lairs made up 18% of 
all structures and occurred at a de sity of 1.6/km2. This compares to the 
Beaufort Sea, where onl:y 7% of alll structures' were pupping lairs, with a 
density of 0.3/km2, andl southern K9 zebue Sound where 11% of the structures 
were pupping lairs, occurring at a de sity of, 0.8/km2. , The density of pupping 

'lairs on fast ice near! Cape Lisburne was higher than the total density of 
structures reported by Smi th and st i 1 i ng (1975) for Amundsen Gul f and over 
tWice the reported density of pup:p ng lai~s in the eastern, Arct'ic (Smith 
et ale 1978). f I 

. Measurements were dbtained froJ 77 stru~tures located on fast, ice of the 
Chukchi 'and Beaufort"1 seas. Breathing iholes' in the fast ice were 
significantly smaller (m1ean diamete~ 31 cm): than 'access holes into all types 
of lairs (43·52 cm)~ Bteathing hol~ in pa~k ice were significantly smaller 
(mean diameter = 20' cml) than thos\e in fast ice. Single-chambered, simple 
lail~s were the smallest; of the lai:r types, with a mean length of 160cm in 
fast ice and 139 cm lin pack ioe Multi-chambered, complex lairs were 
intermediate in size (m~an length =1 35 cm) ,and pupping ,lairs were largest of 
all (mean length = 277 c;m). Within Alaska; there was noapparent tre!nd in the 
size of lairs. By comparison, lairs in Amundsen Gulf were Significantly 
larger, possibly becaus~ of the lar~eravera~e size of the seals in that area. 

Predator activity by polar be~ s and arctic' faxes varied by geographic 
region, from a low in iKotzebue S6u d where arctic foxes marked :{% of all 
structures and entered 5% of all l~irs, to a high on the fast ice near Cape 
Lisburne where arctic [faxes and ip lar bears combined. marked 47% of all 
structures and entered 37% of lairs. Overall, faxes marked more structures, 
opened more lairs, and ~illed morep ps than ,ldid polar bears. 
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Pups were killed at'7%~'(Off>all,.puppingf"latr;s 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 low of 
0.04 kills/km2 in ~outhern Kotzebue Sound to a high of 0.43 kills/km2 on fast 
ice ne.ar Cape l isb~rne. 

I .' 
Predators we~e apparently able to distinguish between structure types 

since pupping lairs made up 7%-18% of all structures on. fast ice in our 
studies but accou~ted for 20%-43% of all predation attempts. Virtually all 
pups were killed [at pupping lairs. less. than 3% of predation attempts at 
non-pupping structures resulted in kills,_ compared to 47%-100% at pupping 
lairs. . : 

In our stUdi~S, 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 1i%, almost double that in undisturbed areas. The greatest 
abandonment·was caused by predators. For structures opened and/or entered by 
arctic foxes or p'ol ar bears, abandonment was 29%, or about 5 times that in 
undisturbed area~ with no predation. Depending on the study methods, 
investigator examinations caused 1 ittle or no additional abandonment (13% 
abandonment on re~isits compared to 11% on first visits in the Beaufort Sea'in 
1982), or abandonment approaching that caused by predators (22% on Cape 
lisburne grids an~ parts of one Kotzebue Sound grid). 

, 
I 

Sixty-six riryged seals were collected from nearshore leads and pack ice 
in Norton Sound ~nd near Cape lisburne to compare age, size,reproductive 
parameters, and diet of "coastal" and "offshore ll seals. Seals collected from 
Norton Sound wereisignificantly longer, heavier, and older than those from the 
Cape lisburne areh, and many more were sexually mature (60% vs. 28%). There 
were no significa~t differences in any of these parameters 'for seals collected 
from coastal lead~ compared to those from pack ice, either within regions, or 
for both regions combined. 

Between-regi6n differen~es in diet were also greater than the differences 
between lead system and pack ice seals. In Norton Sound, invertebrates made 
up 41% of the t~tal volume of stomach contents, compared to 94% near Cape 
lisburne. Norton Sound seals had eaten mostly shrimps and arctic cod 
(Boreo1adus saida). Pandalus hypsinotus was the major shrimp speCies in 
coasta samples land Pandalus goniurus in pack ice samples. Near Cape 
lisburne, seals~lso 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 E. goniurus and Eualus gaimardii, and lesser amounts of mysids, arctic 
cod, and pricklebacks. 

II. Introduction and Background 

Ringed seals, Ph6ca hispida, are a widespread, circumpolar species which~ 
in waters adjacen~ to Alaska, occur in the Beaufort, Chukchi, and Bering seas. 
They are the mosi abundant of the phocid seals found in seasonally ice-covered 
seas of northern ~laska. 

I 
I 
I 
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Of the northern phocids, ringed seals are the best adapted to life in 
thick pack ice and landf.st ice (Mc~a en 195~; Smith and Stirling 1975). In 
Alaskan waters, ringed seals are the' nly species that normally lives in. and 
under the extensive, unbtoken fast ~ e (Burns 1970). Using strong claws on 
their foreflippers, they ~ake breathtn holes jn newly formed ice and maintain 
these holes as the ice thickens (Sm~ h and S~irling 1975; Smith and Hammill 
1981) • Ouri ng . the coutse of a. f eezi ng Iseason, ice. th i ckens, becomes 
deformed, and accumulate~ an increasi gly thicker snow cover. Some breathing 
holes are enlar~ed to ~rovide acc.ss to tbe ice surface on which seals 
excavate snow lairs (Smitih and Stirlin 1975)., Lairs include single-chambered 
cavities (simple lairs), mUlti-cha bered cavities (complex lairs), and 

. cavities with 1 or more s~all tunnel~ adiating from the main chamber{s). The 
latter are usually complex lairs inl hich a 'pup was born or cared for; the 
tunnelling is done by ithe pup. IS bnivean lairs are used for resting, 
birthing, and caring foi ~he single ~u • 

, I I 
Compared to· other Rinnipeds, rl~ ged seals are small ~ Neonates average 

65 cm long and wei gh 4-5 1 kg (McLaren 958; Fedoseev ' 1975). At the end of the 
4- . to 6-week nursing peiriod pups we 'gh 9-12 kg (Tikhomirov 1968). Growth 
continues through the finst 8~10 yeats, atwhi~h time seals have reached about 
96% of their final length. ' Ringed :s als in Alaskan waters are much smaller 
than those in eas tern C4nada. Mean) tanda rd 1 ength of seals older than 10 
years collected in the Bering, Chukc i, and' Beaufort seas was 114.6 cm and 
mean weight was 49 kg (Frost and Lowr 1981). Corresponding-measurements for 
Canadian seals were 128.2 cm and 62 k (McLaren 1958). Males are, on average, 
slightly longer than females. Weight and gi~th' vary throughout the year due 
to seas~nal changes in b~ubber thickb ss (McLaren 1958; Johnson et ale 1966). 

Most ringed seals ~ecome sexua!l y matur:e at .5-7 years of age. Mature 
ma1es (and perhaps femal~s) begin tb establish breeding territories as early 
as February. Females give birth to pup in a subnive'1in lair between late 
March and mid-April. Bi~thlairs hay been described by McLaren (195B), Smith 
and Stirl ing (1975), Lu~in and Potel v (1978), Lukin (1980), and Burns and 
Kelly (1982) •. Pups are ~orn with aid nse, w~ite-hair covering,called lanugo. 
Mating occurs at and immediately afte the time when pups are weaned l• usually 
duri ng 1 ate April and iMay. Most' ema 1 es I mate every year, although the 
frequency of successful! pregnancy !h s shown considerable annual variation 
(Stirling etal. 1977; jSmith and S:t rling 1978; Burns and Frost, unpubl.). 
The period of pregnancYI' .including! period of delayed implantation which 
lasts until late August .or early IS ptember, is about 10.5 months (Burns, 
unpubl.) Based on sigh1Hngs of smal , white-coated pups in the Bering Sea, 
some births .occur .on expc;lsed ice flo~ where snow a.ccumulation is insufficient 
forexcavatlng lalrs •. ~uch pups are usually, conslderably smaller than those 
seen in more optimum ha,bitat at the same time of year. It is hypothesized 
that most such instances'

l
' involv. e young, inexperienced females thatalre unable 

to successfully compete with older ~ imals for more optimum habitat in which 
to bear pups (MCLaren 1~58). Subadult animals may also be excluded from the 
optimum pupping and bree~ing habita~ McLaren I 1958) .. 

I , ' 

Some investigato~s bre of the b inion t~at ringed seals of the fast ice 
and pack ice may represent differen't ecomorphs (Fedoseev 1975; Finlf~y et al. 
1983). It is well docum~nted that ri ged seals in offshore waters tend to be 
smaller than those near the coast (Mc aren 1958; Fedoseev 1975). This can, to 
some· extent, be explained by diffe ences in age structure (i .e., smaller, 
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immature seals occurring J~p.r.~ima}'~:i1y in:,,,.>!pac::k:;,\~ice). Finley et al. (1983), 
working in, Baffin/Bay, found a breeding "popu1ation" of ringed sea,l s occupying 
the pack ice. Ttleseoffshore seals were generally smaller and less robust 
than seals 'occupying 1andfast ice. Such· size differences may be due to 
differences 'in the length of nursing periods, with optimum conditions 
occurring on the ~ore stable, 1andfast ice (McLaren 1958).. ' 

. . After the e~d of lactation and mating, seals haul out to molt near 
enlarged breathin1g h01es, collapsed lairs, along cracks, and around larger 
holes in thedet~riorating ice sheet. At this time of the year (May-July) 
they spend long periods of time basking, especia1fy on relatively calm, warm 
days (Burns and Harbo 1972; Finley 1979; Smith and Hammill 1981). During this 
period, a'large portion of the population is visible on the ice and can' be . 
counted by means lof aerial surveys •. Such surveys, which have been conducted 
over much ,of the Hnged seal's range, have documented substantial regional arid 
annual variationsl in abundance (Burns and Harbo 1972; Smith 1975; Stirling et 

- a1. 1977; Frost et a1. 1985, 1987). Highest densities have been found on 
stable shorefast lice along complex coastlines, with intermediate densities on 
shorefast ice along simple coastlines, and lower densities on offshore pack 

,ice (Smith 1973, ,!1975; Burns and E1ey 1978; Frost et ale 1985, 1987). In the 
Alaskan Beaufort Sea, highest densities of seals have been found on ice with 
40% ~r less def01mation (Burns and Kelly 1982; Frost et a1. 1985, 1987). .' 

Factors inf~uencing local and regional abundance of ringed seals are 
poorly known. In some areas,. seasonal movements of seals may be primarily 
onshore-offshore,l which results iri an increased abundance in coastal waters 
during'the open-iwater period (McLaren 1958; Finley et a1. 1983). Although 
some investigato~s consider:'them to be non-migratory, most ringed seals in the 
Bering Sea make long, annual movements northward to summer in the pack ice of 
the Chukchi anti Beaufort seas (Frost and Lowry 1981). ,Patterns of 
distribution~ es!pecially during summer, may most likely .be influenced by 
distribution and; movements of prey (Lowry et a1. 1980). Densities during 
winter and sprinlg may be influenced by a combination of ice conditions and 
prey availability (Stirling et a1.1977; Smith and Hammill 1981). Long-term 
variations in apundance may result from the interaction of a variety of 
factors, inc1udihg ice conditions, food availability, predation,and hunting 
(Smith 1975; Sti~ling et a1. 1977; Smith 1980). In Alaska, ringed seals are 
harvested in' greater numbers. than any other seal species by sUbsistence­
oriented coasta11 residents living from Kuskokwim Bay to. Barter Island (ADF&G, 
Un pUb1.)'j'. ' 

Since the Highest densities of breeding ringed seals occur in fast, ice 
areas, this type of habitat is very important to the population.' In the 

,northern Chukchi and Beaufort seas, fast ice also pro~ides a reasonably safe, 
convenient, and efficient platform on whi,ch certain phases of petroleum 
exploration can, be conducted. ' In the Beaufort Sea, seismic exploration has 
been conducted~uring late winter-spring since the late 1960's to identify 
areas most 1ik~ly to have large sub-surface petroleum reserves. Energy 
sources uti1izeq to generate seismic waVes necessary for recording subsurface 
geological profiles have included buried explosive charges during the late 
1960's and earl~ 1970's; air guns in the mid- and late 1970's; and a vibroseis 
technique in th~ 1980's. During late winter when fast. ice becomes thick and, 
stable enough to support heavy equipment and allow extensive mobility,a 
variety of machjnery is deployed. Main ice roads, connecting roads, seismic 
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shot lines, ice runways for aircraf~),( and temporary camp sites are prepared. 
Each self-contained crew land its equ~ ment mo~es over the fast ice, eventually 
covering as much of the ?rea of inter1st as possible. The activities; of such 
a crew in a given area may last fo~ ore than a week. Operations of seism~c 
crews are cons,trained b~,: ice topogrl'a hy. Th~y mainly operate in re~gions of 
relatively flat ice or I where the s rface relief is neither too high nor 
deformation, too extensiv~ in areal co erage." , 

The first indicati10ns that oln ice aC{ivity might have affected the 
distribution of, ringe~ iseals occur ed i~ Norton Sound du,rinog the middle 
1960's. I~ 2_consec~tlv~ years, an r tenslve shallow-core drlllln~ program to 
locate manne deposlts Qf placer gold was undertaken from fast lce between 
Sledge Island and Cape !Nome. Subsi tence hunting, for ringed seals during 
winter by Native inhabi~ants of Non'le was, during that time, still of major 
importance to the local; economy.'! any Nome hunters consistently reported 
declines in the availability of I inged seals, in the "area subject to 
exploration, both duringland continu~ g after, the activities ceased, until the, 
ice began to deteriorat~ and migrati g seals moved in. No studies of this 
potential disturbance were undertakeh at that'time. 

I I, ' "' ' , 
, The first exte~sivei aerial surye s of r1nged seals in fast-ice ,areas of 

the northern Chukchl and Beaufort se s were made between 8 and 15 dune 1970 
(Burns and Harbo 1972).1 These surve s were not designed to test differences 
in seal density, if a~y, between I reas subjected to seismic exploratory 
activity and adjacent ar~as in Whfch

l
! uch exploration did not occur. However, 

a general test was made! after the f ct by c;omparing 2, adjacent blocks, one 
that included, ice roa~s and seism c shot~ lines and one that did not. 
Structure of the ,aerial surveys and :s ze of the areas compared were considered 
inadequate, and results ~f the comparisons were inconclusive (Burns and Harbo 
1972). ' ,i ,I ' 

, Extensive aerial' s~rveys were,! gain un,dertaken in June' 1975 to 1977, 
mainly to investigate ithe magnitud of annual variation in ringed seal 
abundance alongthe.north coast. Nd pecific i tests of the possible effects of 
seismic exploration were: included inlhe survey design as the'objective was an 
extens i ve, broad-scale I assessmentl of abundance' rather than i ntens i ve 
comparisons among relatiively small a,t

jeas
. Hd,wever, a ,substantial increase in 

on-ice seismic activit~ had occurr d since 1970, and permitting agencies 
requested that the data ~e used to co pare ringed seal densities in areas with 
and without extensive seismic explo'r tory activity. 'The 1975-77 survey'data 
indicated a consistently, lower density of seals in areas where seismic 
exploratory activity had occurred. MiagnitUde of the differences rarlged from 
22% to 88%, with a combihed average dOfference for 3 years of 51%. 
,i ' 

In 1981', at the ur~ing of many interested parties, the Outer Continental 
Shelf Environmental Ass!essment Pro,gram initiated and funded more rigorous 
studies to verify and I quantify the perceived, impacts of on-ice~ seismic 
exploration on ,the distr~bution and labundance of ringed seals. Aerial surveys 
of ringed seals on the fast ice of thb Beaufort Sea were conducted during June 
1981 and 1982 to compatre the obset.v d densi'ties of seals in areas with and 
without on-ice seismic e~ploration.1 esults pf those surveys were reported in 
Burns et al. (1981); Burns and Kel~ (1982); Frost et al. (1985); Frost and 
Lowry (1988); and Kelly ~t al. (1988) and will be summarized in this report. 
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, . Th~ effects 0if seismiq;~a,~t;:i..vity on .ri;f}ge~;~~ea1s were a.lso investigated by 
monltonng the use, by seals, of breathlng holes and lalrs in industrially 
impacted 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; Luikin and Potelov 1978). In 1982, we used trained dogs to 
investigate the erffect of on-ice seismic exploration on the alteration and 
abandonment of se~l-made structures. Results have been reported in Burn~ and 
Kelly (1982) and Kelly et a1. (1988). \ 

, " ! 
! Beginning ini 1983, as a follow-up to the 1982 study of ringed seals in 

seismic areas, we! initiated a broader study of various aspects of the winter 
eco logy of ri nged; sea ls in the Beri ng, Chukch i, an~ Beaufort seas. Tra i ned 
dogs were used to d~tect breathing-, holes and lairs of ringed seals in 
different regions) and habitats along the Alaska coast in order to describe 
structure characteristics, the density and proportion of structures in 
different habitat., predation, and rates of abandonment of structures in areas 
with and Wit,hout ,fisturbance by humans. This final report covers the results 
of those studies., 

II L Objectives 

1 
i 
I 

j 

Dogs were trhined to detect seal-made,structures in'1981. In 1982, this" 
study focused on ~va1uating the possible effects of on-ice seismic exp10~ation 
on distribution,!density, and fate of structures made by ringed seals in the 
central Beaufort: Sea. In 1983, emphasis shifted to the identification of 
geographical arehs of the. shorefast ice which are important as pupping 

,habitat, and to Jdescription of the characteristics of those areas and the 
subnivean,' structures found in them. In 1984, studies of subnivean structures 
on the shorefastj ice were continued. In addition, research was expanded to 
include an investigation of the characteristics of seals and seal structures 
in the drifting ~ack ice. Principal objectives were as follows: 

1981-1982 1 ~ 

1. To train dogs to detect seal holes and lairs and test the efficienty with 
which structures can be located. ' 

2. To determile relative abundance and distribution of' ringed seals 
inhabiting ihe fast ice in the nearshore central Beaufort Sea region, as 
determined by presence of seal holes and lairs. 

3. To determini effects, if any, of on-ice seismic exploratory activity on 
distribution and density of ringed seals, as indicated by continued use 
of subniveah structures at various distances from seismic ,lines and as 
indicated by aerial surveys conducted in May-June. , 

4. ~o i~vestiglate the relationship of s~a'l density and type of seal-made 
subnivean structure with ice characteristics. I . . ' , 

5. To integraJe results of objectives 1-4 as a basis for formulation of 
recommendat~ons. 
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1983 

1. 

2. 

3. 

1984 

To determine geOgralphic areas !i portant: as whelping. habitat for ringed 
seals, based on pteliminary surveys of subnivean seal structures in 
pre-selected areas along theB~ring and Chukchi sea coasts, from Norton 
Sound to near pOint!Barrow. I 
To determine the : densities a proportions, of different kinds of 
subnivean structure~, especiall~ pupping:lairs, in 2 Or 3 regions of high 
seal abundance as i~dicated dur~ g the preliminary surveys. 

To dete'rminethe JhYSiCal pa),a eters of subnivean structures and the 
charac'teristics of jfast ice wft in which they occur at relatively high 
densities. ' ' , 

l 
1. To, compare age, r~productive Ic ndition, phy~ical characteristics, and 

food habi ts ,of ri nged seals I i offshore and coastal waters of the 
northern Bering andlcentral Chuk hi seas. 

2. To compare relativb abundance t, density, and composition ofsubnivean 
structures in the drifting pack ice and, in adjacent landfast ice of the 
central Chukchi Sea~ f ' 

3. To determine, thro~gh aeri a lIs rveys ~onducted ; n May, the number of 
ringed sea.ls assoc;iated with t known' number of subnivean structures 
located within measured grids on fast ice of the central Chukchi Sea. 

i I 
: I 

4.. To determine, through aerial sur ey procedures, the relative abundance of 
ringed seals in fast ice areas: rom Kotzebue Sound to Point Lay and, if 
pOSSible, in select~d areas of:d ifting ice. 

5. To prepare and SUb~it a final t eport ehcompassing work undertaken from 
1982 to 1984. It' 

il , i 
. ,I 1 

IV. Study Area i [ 

Studies during 198~-84'were con ucted at a number of locations along the 
coast of the Bering, Chukchi, and B;e ufort sea.s bet~een southern Nort?n Sound 
and Barter Island. Mos~ of the work as done lnreglons of shorefast lce, the 
av~rage maximum extent of which is Is own in Figure 1. Some work was done in 
the flaw zone and movin~ pack ice, pa ticularly in,1984. ' 

, 'The time when shorJfast ice be1g ns to f~rm varies depending on latitude. 
The rapidity with which ice forms at any' given location is dependent on 
seasonal temperatures, and wind con itions :as well as' proximity to rivers 
(water with reduced saliinity freezes ore quickly). 
'j I " 

On average, ice'fo~ms along the shores of Norton Sound in mid-November, 
along the Chukchi Sea coast in mid-II 0 late Octobe'r, (except in Kotze~bue Sound 
where it normally begi~s to form in early to mid-October), and along the 
Beaufort Sea coast uSll~lly in late September to mid-October. In years of 
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Datalare from Stringer et al. 1980 arid Minerals Management Service 
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relatively warm autumn I weather ac ompanied by periodic· offshort~ winds, 
formation of fast ice its· delayed a's the developing· ice sheet is h~peated1y 
blown away from shore. I In autumns' dominated by cold temperatures the ice 
sheet forms rapidly.. When strong b shore w:inds prevail in northern areas, 
thick multi-year floes a~e driven in~ sha110~ water, become grounded, and are 
incorporated into the de~e10ping she~ of 1andfast ice. Grounded floes anchor 
and p~otect the.deve10pihg 1a~dfastli e shee~. According to Stringer (1974), 
shorefast ice in the Bea~fort Sea ger rally ihc1udes numerous pressure ridges, 
the most seaward of whic~ characteds ica11y become grounded in about 18 m of 
water. . It . 

. The shorefast ice I sheet conti ues to: grow in thickness and extent 
throughout the autumn and winter. I Its seaw~rd extent varies greatly from a 
few kilometers or less: in eastern Norton, Sound and near major western 
promontciri es, to severall tens of ,k lometers i nthe central Beaufort Sea. 
Kotzebue Sound becomesqomp1ete1y covered by shorefast ice as do other large 
embayments.By the end! of the freeing period (April to May, depEmding on 
latitude) the ice reache~ athickne~s of up to 1 min Norton Sound and up to 
2 min the Beaufort Sea.! Shorefastl ce is present for about 7 months in the 
southern part of the stufY area and ,U to 9 months in the Beaufort Seia. 

. Contact between f~st ice andl the drifting pack is markt~d by a 
well-defined shear line] (Reimnitz ~nd Barnes 1974) and/or flaw zone (Burns 
1970; Shapiro and Burns 11975). In 10 r exper;ience, there is usually a series 
of 'large pressure ridgejs roughly pa alla1 to and beginning at or slightly 
shoreward of the active shear zone. I ach 1 ine of ridges probably represents a 
zone of impingement by the pack ice n the fast ice during repeated episodes 
of active movement durilng winterle~ 1y spri'ng. Usually deformation of the 
fast ice sheet is least ~lose to shar and b~comes greater toward the seaward 
margin. 

The pack ice is a mbre dynamic e vironment, in which the ice is in nearly' 
constant motion. The pa~k ice is a ~ xture o~ floes of ~ariab1e thickness and 
dimensions, and areas o~ open water~ Pack ibe is made up of both annual and 
multi-year floes. Floes in first-~e r ice tend to be flat, though they are 
subject to extreme deformation and Iridging. : Sheets of annual ice formed by 
coalescence of multiple if10es may be heavi1Ylridged. Multi-year floes within 
the study area, while iusually ofi esser ~realextent than annual1 floes, 
generally have several Imeters of Y rtical relief and a rounded, weathered 
appearance. Winds and turrents keep the pack ice in motion, producing areas 

. of open-water leads andi polynyas. I Dlepending on local weather cond:itions at 
the time of its formation, a lead or po1ynya· may remain open, close as floes 
are rearranged, or freeze over with ~ w1y formed ice. Open-water features may 
persist for long period~ in areasw~ h certain geographic, oceanographic, and 
meteorologic conditions~ The term flaw zore is generally applied to the 
region of interaction between thel pack ice and the seaward edgt~ of the 
shorefast ice. Dynamic! processes Is ch 'as the formation of ridges, leads, 
polynyas, and new ice ar~ very common in this: zone. 

Presence of a sn~w cover il ~f gre~t impbrtance to ringed seals. 
Deformation of the ice u1sually result in gre'pter accumulation of Wind-drifted 
snow, particularly on th~ lee sides 10 irregu~ar ice features such as grounded 
floes and ridges. Obvipusly, dept? of snow. and size of drifts continue to 
increase over the winter and spring. The m~nimum snow depth in which seals 
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excavate lairs is! 20 cm, "an,d"~.the,,;maxilT1um,,,j~.,.~greater than 150 cm. Areas of 
~,,~;..!lt .... ,.- ~ ~. ~l, ,t,- .. "", 

flat ice with little or no' snow contain breathing holes but no subnivean 
structtires (Smith ~nd Stirling 1978). 

V. Methods f ' 
r 
I 

, Field activi~ies, including the initial training of dogs, were conducted 
during late winte~and spring of 4 years, 1981-84. The schedule of activities 
as they were conducted is given in Table 1. 

I 
A. Trairiing of Oogs 

) 

Trained Lab~ador retrievers, were used to locate subnivean seal 
structures.Init~al 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 sea1s are very abundant in Prince Albert Sound, thus affording 
numerous opportunities for the dogs to learn how to locate structures and to 
reinforce that le~rning by experiencing a high frequency of success. 'Field 
facilities and d~rection in training were provided by Dr. Thomas G. Smith 
(Arctic Biologica~ Station, Ste Anne ,de Bellevue, Quebec), who had used a 
trained Labrador, bitch for locating seal structures since 1971 (Smith and 
Stirling 1975). ' 

Brendan Kel1: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 reinforcing 
process. That d~g located lairs while thetra i nee dogsparti ci pated in the 
search and received enc6uragement at each lair ,that was found. The dogs w~re 
periodically expqsed to dead ringed seals, a stimulus that caused' great 
excitement. In this manner they were able to make the c,onnection between the 
seals and the lai~s from which the smell of seals emanated. " 

, I 

At first th~ inexperienced dogs worked with the experienced female, then 
in pairs withoutithe ·female, and, finally alone. Dr. Smith's dog occasionally 
reworked an area jpreviously searched by the dogs being trained, as a check on 
efficiency of the latter. The objective was to provide the maximum 
opportunity for e;ach dog to become proficient and confident of its ability to 
locate holes andrairs. 

Both the Labrador retriever and the springer spaniel developed the 
ability to locate' lairs. However, because the springer was less responsive to 
unfamiliar people, was not social in the presence of other, dogs, and was 
generally less tr~actable, it was not used in future work. ' 

As a fOllowtuP' to the training and reinforcing efforts in Prince Albert 
Sound, Kelly took Clyde to Port Clarence, Alaska from 26 April to 4 May 1981 
in order to provi1de the dog with additional experience and to conduct tests of 
its efficiency. ~inged seal~ are moderately abundant in that area, a~d arctic 
foxes, Alopex la:90pus, were rare there in spring 1981., Because foxes were 
common in Pri nc~ Albert Sound, and had opened or marked many of the seal 
structures, there 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 
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S h· d 1 f' fO II to °to I c e u e 0 le u ac lVl les 
232 during 1981-1984. It. 

I . 

I . 

Date ! 
I 

1981 

1-20 Apr Ho 1 man,i NWT 
. I . 

I 

26 Apr-4 May . Port Cl~rence, AK 
! 

1982 

5 Malr-26 May 

Beauforit Sea 
I 
I , 
I 
I 

I 
I 
I 
I 

I 
Beaufo1t Sea 

I 

I 
I 

12 

nd scientific personnel for Research Unit 
I 
I 

, . 

raining' of dogs 

raining' of dogs 

~erial surveys 

Ringed s:eal/seismic 
~ork us fng dogs 

Personnel 

B. Kelly 

B. Kelly 

K. Frost, B. Kelly, 
S. Moore, J. Burns 
J. Venable 

J. Burns, B. Kelly, 
L. Aumi 11 er, 
R. Nelson, S. Hills 

25 May-4 Jun Beaufo~t Sea 
, , 

i. ~eri a 1 surveys J. Burns, B. Kelly, 
K. Frost 

1984 

3-16 Mar 

28 Mar-15 May 

3 Apr-15 May 

16 May 

I 

I 
I 
I. . 

Norton ISound to 
Barrow I 

I 
I 

Kotzebye Sound 

I , 

I 
I 

NortonlSound/ 
northe~n Bering 
Sea . I 

Central Chukchi 
Sea ! 

I 

Centrai' Chukchi 
Sea i 

I 
I 

i 
Cape Thompson-
'Kotzebue Sound 

I 

l 

, . 

Ringed seal 
. , 

structure survey 
using dogs 

Ringed seal 
structure work 
using dogs . 

Pack ice/fast ice 
ringed seal 
collections , 

Pack ice/fast ice 
ringed seal 
collections 

Ringed seal 
structure work 
using dogs 

Aerial survey 

J. Burns 

K. Frost l , S. Hills, 
R. Nelson, J. Burns 

J. Burns J A. Adams, 
R. Zarnke 

J. Burns, L. Lowry, 
K. Frost, A. Adams 

J. Burns, K. Frost, 
L. Lowry, S. Hills, 
A. Adams, 
R. Tuzroyl uk Jr. 

J. Burns, K. Frost 

I 
I 
I 
I 
I 
I 
I 
I 
I 

··.·1 
I' 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
:1 

-, 

I 
I 
,il 
,I 
,I 
;1 

'I 
,I 

1 
,I 

13 

:::..~~.o/.~ :"'.... . ,t') ~ 

to seal lairs pre~iously ma'Y:'ked by foxes. Since only 1 set of 'fox ,tracks was 
seen in the Port Olarence study area, and no fox-marked lairs were found, this 
potentialProblem1wasresolved. , 

, The dog's efficiency at locating seal structures was tested visually 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 handler ~orked the dog toward known seal holes and rec6rded' 

'its success in fi~ding 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 watl00%. On 2 of the most productive days of testing, the dog 
found 10 of 10 s:ea 1 holes known to the observer through the presence of ,a 
hauled-out seal, ~lus an additional 18 holes. ~' , ' 

I 

In 1983, ano~her young .male Labrador (Charlie)'was trained to serve as a 
back-up for Clyde and to lncrease the amount of territory that could be 
searched'duringal,limited field season. , The younger dog was worked alongside 
Clyde for a perio~ 6f approximately 1 month, during which he learned to run a 
"line" in front of a snow machine, detect the scent of a seal, run to the seal 
structure, and indicate its location by digging directly above it. ' At the end 
of a month, Char}ie- had developed the necessary proficiency and confidence'to 
act independentl~, and was s, ubsequently worked alone. Periodically, our 2 
dogs were worked ~ together as a check on thei r performance and to intens i fy, 
through competition, their desire, to find structures. In addition, some 
search 1 ines werel worked mor:e than once by the same dog, or on different days 
by different dog1s, also in order to check their efficiency at detecting 
structures. . I . 
, I 

I ' 

B. Location and Fate of Seal Structures 
1 

Searches fo~ subnivean ringed seal structures were made along previously 
established lines. Depending on year and location these lines were either 
trails made during the course of seismic exploration or snow machine trails 
made by the inve1stigators. Dogs working singly or in pairs ran or trotted 
along those l;n~s in front of a slow-moving snow machine. ~Ihen the dogs 
detected a scent, they turned and ran upwind to its source ,whi ch they 
indicated by digging in the snow. The area indicated by the dog was probed 
with a wooden-haridled 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 show or by a thin layer of ice which forms on the ceiling as a 
result of the w~rmth and breathing of the seal. This could be felt as the 
probe was pushed!first 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 ~ug 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 perliod 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. All structures 
that were opened were subsequently reConstructed. 
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Structures were c)assified in 0 3 major types: breathing holes 

maintained by seals. but Inot used fdr hauling, out of the water; simple lairs 
which were single-chambered cavities xcavate'd. in the snow above an enlarged 
breathing hole (referred! to as an at ess hole); and complex lairs which were 
multi-chambered, excavated cavities.1 Complex;lairs were further classified as 
pupping lairs if there was positive vidence of a pup'spresence. Evidence 
inc 1 uded actua 1 presenc~ of a pup ~ the rema i ns of a dead pup, blood or 

. afterbirth, lanugo, pup itunnels or ic ambers (small excavations off the main 
. chamber that were too srr)all to accom odate seals larger than pups), and pup 
claw marks on the chambe~ walls. I 

Measurements of su~n i vean s'truc ures included 1 ength and wi dth of the 
breathing or access hole and length width,' and height of the lairs. For 
those lairs with more tHan a singl~ hamber, measurements were of the total 
length of thecontiguous l chambers. I(In 1982 this was not the case. In that 
year, the largest chamber was mea~u ed, not total lair dimensions.) Snow 
depth to the ice su~facelwas measure& at apprdximate1y the center of the lair. 

Additional notation. fo~ each Jt ucture ~nc1uded the extent (0% to 100%) 
and average height of: ice defor~a ion within a radius of 200 m; any 
indications that the structure had been marked (urine or feces), entered 
(tunnel), or a seal p~p killed b arctic foxes or polar· bears (Ursus 
maritimus); any indicat~ons of th~ ~presence of a pup; and whether the 
breathing hole was open, open but a1 ered (e.g., a hau1~out lair be~ing used 
only as a breathing hole), or refrozh. A marker stake was placed in the snow 
,immediately' over the access hole of ach active s,tructure and over inactive 
structures. Distance (d;etermined by pacing or by a hand-held range~ finder) 
and magnetic heading from the search trail to the structure were noted, and 
each structure was assigned a numbe for record-keeping purposes. In this 
manner it was possible .to keep tr~c of individual structures and also to 
measure the dogs' efficiency on mu1t~ 1e searches of the same survey 1Iine. 

, , \ . I 
Efficiency of searc~ effort by t e'dogs was mostly influenced by weather. 

Optimum wind velocity wa1s about 9-27 km/hr. 'Other limiting factors included' 
very rough ice, soft snow (particul~r y in late spring as temperaturE~s warmed 
up and the snow became i soft), b 101" ng snow or fa 11 i n9 wet snow, and the 
physical endurance of th. dogs. . I 

Variations in the iway lines w re selected and laid out, as well as 
differences in structur~ work-up, loccurred in response to the particular 
objectives of a field season as fo1lo s. 

: I ,.-
1982--Emphasis was on determinin the fate of structures before and after 

. seismic exploratory acti~ity. To tes the effects of such activity, 41 trained 
dog was run along lines! that had b!e n laid :out and cleared for pur'poses of 
seismic exploration, as ~e11 as on a~ acent "control" lines laid out with snow 
machines. In order tol. minimizedi turbance caused by the investigators, 
structures were usually ?ot opened o:n the initial v,isit. When a new structure 
was indicated by the digging activity of the ~dog, it was probed unti'l an open 
hole to the water was lobated •. Ope~ ccess or breathing holes indicated that 
a seal was periodically ~sing the ho'l and preventing it from freezing closed, 
and such holes were cla~sified as ab ive.The small probe holes were closed 
with snow, lairs were m~rked with A stake, and no additional distUl"bance of 
the area was caused by the invest; ga~t rs. 

I 

I 
I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

-._- I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
,11 

:1 

,'I 

'I 
:1 
:1 
,I 
:1 
,I 
:1 
,:1 

I 
'I 
I 

. ,- ~,;. ", -.. . . 
15 

When ,an openj access Q~tl:~reathing ~01e'1~~~ n~t located by probing, the 
structure was exposed by dlgglng down to the'sea lce. Usually, an abandoned 
lair with a' frozeh 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 ashe If of upthrust ice or otherwi se 
situated such th~t vertical probing did not detect it. Some structures 
indicated by the ~og could not be confirmed because they were in ice pressure 
ridges or ice piles. Normally when an open hole was not found, the area was 
excavated until ~he refrozen hole was located, or until it was clear that 
there was probab11 a structure covered by ice through which we could not dig. 

So far as Po~sible, each active structure 'was'revisited at approximately 
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 strLcture that had not previously been examined was opened, its 
type (breathing/hole, simple lair, or complex lair) confirmed~ and, its 
dimensions measur~d. Starting in April, some access holes to the snow surface 
were found. Thes~ were treated in a manner similar to subnivean structures. 

'A preliminart study of haul-out patterns of radio-tagged ringed seals was 
initiated during ~he 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 radio-tagging efforts have 
been reported sep~arately (Kelly et a1. 1986). 

, I " 
1983--Emphas:is during this field season was on determining the types, 

densities, and pbysical characteristics of structures in different geographic 
areas. The fiel~ effort included 2 phases. The first phase involved search, 
lines at 23 different locations along the Bering and Chukchi sea coasts. A 
helicopter was u~ed to transport a dog, an investigator, and a snow machine to 
the search area~ Once an area with suitable ice conditions was found, a 
search line was laid out by snow machine. The line was o,riented perpendicular 
to the wind. T~e dog was then worked back along that 1 ine.' Width of the 
strip effectively 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 Soun~ were chosen for intensive study during phas~ two. 

In phase twt survey grids (as opposed to single lines) were established, 
with a basic search unit of approximately 2.6 km 2 (1 square statute mile). 
When a larger gHd was desired, it was made up of adjacent gridded blocks. 
Each grid consis~led of parallel search lines spaced approximately 400 m apart 
and connected by at least 1 perpendicular "base line." The baseline of a grid 

'was generally along 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 another} Lines were laid out with the aid of a, surveyor's transit. 
One person measJred angles with the transit and with hand sigrials or two-way 
radio gave di rections . to a second person on a snow machine who put in the 
straightest pos~ible trail. Line lengths were, measured by snow machine 
odometer. Length of 1 ines was checked with the Global Navigation System of 
the helicopter and by periodically running the snow machines over courses of 
known length (e~lg., air fields) on shore. Trails were marked every 400 m ,with 
brightly painted, ,coded surveyor's stakes. These fixed points provided the 
means for mappihg structures in the grid, as the distance and angle to each 

, structure, in r~lation to a stake, were recorded. 
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, Two ,hundred, meters i on the, wi n,? a rd side of the 1 i ne was cons i dered a 
conservatlve estlmate of~the strlp w~Jth searched by a dog. Consequently, the 
goal was to run every grid line at least twic~, once with the wind to the left 
of the 1 i ne, and once :with the w~ d to' the r; ght. Mos t 1 ;nes were run 
additional times to chec~ the efficie cy of the dogs. If the wind conditions 
during the period a grid was worke precluded searching one side of some 
lines, intermediate lines were esta 1ished 'at 200-m intervals. S'imilar1y, 
1 i nes perpendi cu1 ar ' to j the surveyed gri d '1 i nes and connecti ng the marker 

,stakes were sometimes run to ensure adequate coverage. Two dogs, Clyde and 
Charlie, were used in se.rches of thb grids. iTests of their efficiency on the 
same lines were made thr~ughout the ~ udy. ' 

1984--Therewere 2 ~rimary goa1is during the 1984 field season. The first 
was a continuation of th~ intensive e forts begun in Kotzebue Sound in 1983 to 
determine the 'kinds, d~nsiti~s,~~d, phys,ica1 char~cteristics of, sub~ivean 
structures. Work was cmnducted wlth n gnds estab1lshed on fast lee 1n the 
vicinity of Cape Lisburne. Two dogs were used to search grids. The second 
goal was to obtain comparative da~a from the offshore pack ice. Offshore 
sea rches on the pack i de were condu ted in, the same manner as thE! coas ta 1 
surveys of 1983. The dd1g, investiga or, and :snow machine were translPorted by 
helicopter to areas of pack ice wh!e e there were large, unbroken pans that 
could be safely worked.! Searches ~of the pack ice were primarily done' by 
Char'lie. A black Labrad10r retriever; bitch, Lil (owned by Brendan Kelly), was 
used on some of the searches. I 

C. Aeri a 1 Surveys 
I 
i 
I 
I 

Aerial surveys we~e flown in 981 and 1982' in order to compare the 
densities of ringed se,~ls in' areaS where' on-ice seismic explorattion had 
occurred with densities ~nadjacentlcbntrol areas. In 1981, 12 survey flights 
were flown between 2 and 9 June in la turb;n~-engine Grumman Goose. In 1982, 
11 flights were flown between 25 May and 4 June using a Bell 204 helicopter. 
Both aircraft were equipped with GN -500 Global Navigation Systems. Survey 
altitude was 91 m at an average sp ed of 240 km/hr in 1981 and 152 m at 
120-170 km/hr in 1982. i Most surveys were flown between 1000 and 1600 hours 
local time, the period ~t this tim~ f year when ~aximum number of seals haul 
out. In addition to th¢ pilot andf o-pilot~ the ,survey crew consisted of 2 
experienced observers (1 left and 1 right) and a navigator. Except for the 
first 2 flights on 2 Ju~e 1981, the I arne observers occupied the same sides of 
the aircraft throughout ~he surveys, , 

For each minute onflight tim~, all seals visible within 0.9 km of each 
side of the aircraft we~e recorded +s within ~ither the inner or outer half of 
the track.' Thus, seal! numbers we1e recorded for 4, 0.45-km;..wide tracks. 
Boundaries of the strip~ were maintain~d through use of inclinometers. When 
discernible, it was noted whether a( eal was situated next to a natural crack 
or next to·a hole in th~ ice made by the seal. During analysis of the data it 
became apparent that densities fo~ the outer tracks were substantially and 
consistently lowertha~ those fori he inrie,r tracks. Consequently, further 
density calculations an1 comparisonf were based on the inner tracks only. 

One observerrecor~ed ice condi ions fo~ each minute of flight. The ice 
records included type '(shorefast b~~ pack), coverage in ,oktas, and percent 
deformity of the surface. Hourl~ weather reports from Lonely, Oliktok, 
Deadhorse, and Barter Island were ob ained from FAA Flight Service. ' 
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. On 2 June 19~1, surveys were flown parallel to the coastline from Prudhoe 
Bay to Cape Ha1kett and from Prudhoe Bay to Barter Island. Survey flights on 
3,5, and 9 Junejwere directly over seismic shot lines and parallel to and 
midway between those lines. Survey lines between adjacent seismic lines were 
deiignated as "cohtro1s." An area of numerous, closely spaced seismit lines 
east of Prudhoe B~y and an adjacent undisturbed area were surveyed on 4 June. 
On that date,. th+ survey 1 ines 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 B~y to Camden Bay. North-south lines approximately 28 km long 
and.22 km apart w~re surveyed, as well as the connecting east-west lines. The 
north-~outh 1 inesl were offset approximately 11 km between 7 and 8 ~une ~uch 
that~ 1n total, t~e surveys from the 2 days covered the study area wlth llnes 
spaced 11 km apar,lt • A survey flight on 6 June was aborted due to inadequate 
visibility. j 

. ~hree ~ypesl of transect 1 i nes wer~ surveyed in 1982: (1) ~hose a1 ?n9 
se1 sm1 c tra 11 s o~ access roads; (2) those between or away from 11 nes or 1 ce 
roads; and (3)~uplicates of transects flown in June 1981. The latter 

. transects were s~rveyed to provide a comparison of overall relative abundance 
of seals between 11981 and 1982. 

. . In 1984, weL1annedOto survey seals in areas where on-ice studies of seal 
structures had b~en. conducted. However, .because of an unusually cold 'spring, 
seals did not beg~in to haul out on the ice as early in Mayas they usually do, 
and thus cou1 d not be sati sfactorily surveyed then. By mi d-May when the 
weather waS more(~onducive to hauling out, a shortage of helicopter fuel at 
Cape Lisburne in combination with other scheduled use for the aircraft 
precluded survey f1 ights in areas where study grids were previ()us1y 
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 
C~ssna 185 flown lat a 152 m altitude with a trans~ct strip of 0.9 km on either 
slde of the plar:te. Survey coverage was approx1mate1y 943 km 2 • Results of 
this survey were!incorporated in another OCSEAP study being undertaken by the 
same principal i~vestigators entitled "Ringed Seal Monitoring: Relationships 
of Distribution~IAbundance, and Reproductive Success to Habitat Attributes and 
Industrial Activities" (Frost et al. 1985,·1987, 1988)~ 

I . . 
D. Collection of Seals 

I . 
In 1984, w~ collected ringed seals in 2 broad geographic areas: Norton 

Sound near Nome, and the eastern Chukchi. Sea near Cape Lisburl')e.' Within each 
geographic area' seals we~e taken primarily from the nearshore lead systems 
adjacent to the, fast ice, and from the more distant (seaward) pack ice. 
Specimens from the fast ice were also desired but opportunity to obtain them 

. was very 1 imited! in 1984. The actual, locations where seals were collected in 
1984 were determined by the availability of ,seals andice conditions. 
Suitable ice contlitions were those where ice floes were thick enough on which 

~. ., . 
to land a helicopter and where seals could surface in small leads or other 
openi ngs in the ,ij ce cover. . . . , ' , 

A.Be11. 2041he1i~oPter was used to fly over leads ,and look for seals and 
seal holes in,t~in ice. W~en seals or evidence of seals were detected, the 
helicopter landed and the engine was usually shut down. As seals appeared 
they were shot, retrieved wi·th the aid of the helicopter, and tagged. The 

I 

I 
• I 

I 
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, 
date, time, and locatio~ (from GNS'- 00) of; the collection were rf~corded. 
Seal s were transported tel 1 aboratoryi acil ities .at Nome or Cape Li sburne for 
examination and n~cropsy.! I 

I . f 
A series of standard weights and measure~ents was taken from each seal. 

A sample of approximatel~ 30 ml of ~l od was ~aken from the extradural vein. 
The blood sample was allqwed to clo~, and was then, centrifuged and the serum 
removed, 1 abe 1 ed, and fljozen. The i xteri or' of the seal was exami ned . for 
wounds, scars,and exter1nal parasit~s. The body cavity was opened ,and all 
organs removed. The skul;l, 2 claws lf om a forefl ipper, and the reproductive 
organs were a 1 so remove:d, 1 abe 1 ed ,l and frqzen. Two sets of samples of 
approximately 100 g of tissue were I aken from the liver, kidney, blubber, 
skeletal muscle, and heant. One setl as wrapped inl foil and the othe;r put in 

. I 1 

whirl-packs. Bot.h were labeled and If ozen. Stomachs were slit open and the 
contents were put in p lias ti c bags, 1 abe led, and frozen. All organs were 
examined for parasites (9Y Ann Adam~, Univers:ity of Washington, Seattle, WA) 
and samples of parasites ~nd affecte1 issues ~ere preserved. 

Specimens were shipp,ed frozen t;o theADF&G laboratory in Fairbanks. In 
the. laboratory,. stoma.ch l contents we. ~ sorted, ident.ified, and quantified. 
Claws were soaked in water and the nJm er of annual ring~ on them ~as counted. 
A canine tooth was removed from the! lwer jaw, thin-sectioned in a cryostat, 
stained, and mounted on ~ slide. A~e were determined from counts of annuli 
in dentine. Tissue samples were sent to Mr. Robin West (U.S. Fish and 
Wildlife Service, Anchor:age, AK) ar to Dr. James Clayton (Department of 
Fisheries and Oceans, ~innipeg, Ma itoba, Canada). Serum samples were 
provided to Dr. Clayton !and to 'Dr. IR. L. Rausch (University of Washington, 
Seattle). Subsamples, o~ sera we~e also archived at ADF&G, Fairbanks. 
Parasites were retained ahd examined;b Ms. Ann Adam~ (Adams 1986, 1987). 

f' 
VI. Results I r· 

I ! 
A. Aerial Surve s in B~aufort Sea Seismic Ex loration Areas, 1981 and 1982 

In 1981 a total of~,334 km of [survey li'nes w~s flown, including 480 km 
along seismic lines and -)333 km alon1g adjacent control tran.sects (Figure .2). 
The remaining flights were generally north-south or east-west legs flown to 
determine regional densities of sea's Those results were incorporated into 
the 1985 interim report: by ADF&G fp the NOAA/MMS-funded project (RU #667) 
entitled "Ringed .sea1 monitoring: Re

1
1ationstii PS of dist.ribution, abundance, 

and reproductive' succesS to habitat attributes and industrial activities" 
(Frost'et al~ 1985, 1987~ 1988). ., ·.1 . 

i I . 
The 1981 surveys were comp1 icat d by e~rly and rapid deterioration of 

shorefast ice. Surveys were termilnated on 9 June due to unfavorable 
conditions (breakup, surface water, ~~ow melt, and the presence of open water 
near shore and around .the barrier is'l nds). As the survey period progressed, 
more extensive cracks in the fast fi e coven appeared, more seals moved in 
along those cracks (or' redistribut d them~elves from other areas), and 
consequently a progress i yely hi gher ip oportioh of seal s was encountered along 
cr~cks . (Table 2).. Based on our pr1e ious ex'periences, the, conditions which 
ex, sted by 9 June 19811 were not no rna lly e~countered unt,l after 15 June. 
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Figure 2. Map of the Beaufort Sea coast showing the location of survey flight lines in 1981. 
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Table 2. Number of cracks and proportion of seals along cracks in the area between 1450 and 
1480 W longitude, on 4, 7, and 8 June 1981. 

Density % of total 
Flight Track No. of for surveys seals seen 

Date no. mil es (km) cracks (seals/km2) -along cracks 

4 June 5 506 8 0.43 14 
~~ ~.--------+----,-~~-~. -- - ----".-.~~~-------,-- ~ ~ ----

~. -- --...-~--~ -~-~~---~~ --------~-~--_...._.~ -~---__ --,r ____ ~ 

7 June 8 459 19 0.60 16 

8 June 11 493 21 0.37 23 

--~--~~~~~. -~- "--"--'--

Table 3. Comparisons of ringed seal density on "seismic" lines and on "control ll lines, based on surveys 
of 3, 5, and 9 June 1981. 

- - - - - -,- - - ... -- - - - - - .-. - -
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- ~ . 
Results of the ea~liest stlrveys,-those up to 5 June, were considered to be 
more representativ:.j.e of normal late spring conditions than were subsequent 
surveys. ' 

, , 

Specific surv1eys to test the, difference in abundance of ringed seals 
along seismic lines and in the less "disturbed" areas between seismic lines 
were made on 3, 5J and 9 June. Ice roads or.trails were highly Visible from 
the survey aircraf~ and, whenever encountered, were used as the centerline of 
strip transects referred to as Iiseismics." It was not possible to distinguish 
whi ch roads or tY1

l
la il s were transport corri dors and whi ch were actual shot 

lines, but in all cases the trails had been used as routes traversed by heavy 
equipment utilize~ in seismic exploration. With the aid of the Global 
Navigation System '"control" lines parallel to and midway between the seismic 
lines were also surveyed. ' '" , . j -. . 

Results of these surveys (Table 3) showed a statistically significant 
diffe'rence in seall density between seismic and control transects flown on' 
3 June(x2 = 7.01l df = 1, P < 0.01). The density of seals on seismic lines 
was 58% of that 0n control transects. On 5 June, the density of seals on 
seismic lines wa!s slightly but' not Significantly less than on control 
transects (x2 = 2J21, df = 1, P > 0.05). On 9 June, the density of seals was 
higher on seismic: 1 ines than on control 1 ines, but the difference was not 
statistically sigriificant (x2 = 2.45, df = 1, P ) 0.05). ' 

I , 
I 

. Comparisons Were also made between blocks' of area within which seismic 
exploration occu~red and adjacent non-disturbed control areas (Table 4). 
De,nsities of seals were similar in seismic and ·control blocks. 

, The relation~hiP b~twe'en ringed seal density and ice' deformation was 
examined (Table 5). Densities of seals on ice with less than 40% deformation 
(0.5/km2) were almost double the densities (0.3/km2) on' ice with g'reater than 
40% deformation. J . - ' , " 

All survey f.llights in 1982 were flown with a Bell 204 helicopter. This 
was unlike prevfous years in which . fixed-wing aircraft were used. The 
helicopter proved to be very satisfactory, having the advantages of slow 
flying speed (120ito·170 km/hr) and excellent forward and lateral visibility. 
Basking seals d~d not seem especially bothered by the turbine-engine, 
rotor-wing aircraft and seals usually stayed on the ice during the survey 
period unless the! helicopter passed very close to them. This was in contrast 
to the response of seals in early May when temperatures were cooler and the 

,molt periodwa~ j~st 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 ~landwithin 2.00 to 300 m. The~e seas?nal differences in 
tolerance may bel due to behavloral changes assoclated wlth the molt. Also 
there may have lbeen some modification of the noise from the helicopter 
resulting from a lcombination of warmer temperatures and low clpud cover which 

'prevailed during rhe survey period. '.' 

Survey fl i glits were made on 25, 26, 29, 30, and 31 May and 1,3, and 4 
June. The total ilength of all transects combined was 2,006 km. This included 
409 km along a transect which replicated one flown in 1981 (Figure 3), 752 km 
along seismic lines, and 706km along control transects (Figure 4). An 

. additional 3 leg1 of one flight were over drifting ice for a.total distance of 

! 
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Comparison o'f ringed seal densities in blocks within which 
sei~mic expl;oration was land was not conducted. Nonseismic blocks 
are designated as control~. ' 

! I, 
I 
I 
I 
I 

Date i 
I 

I 
7-8 June 

I 

7-8 June 
7-8 JUhe 
7-8 JUhe 

I 
I 

! 

I 

8 
5 
5 . 

7[ 
I 

I 

Number 
. miles (km2) Seals/km2 

361 0.49 
256 0.48 
250 0.45 
326 0.46 

, 

Table 5. Distributiorl of ringed le a 1 s in r.elation to deformation of fast 
ice in the study area, ba sed on 1981 surveys. 

I . I 

perbJnt of 
;. 

Number of seals 
Percent ice Length of 

trah~ect area 
of d signated seen within Density 

deformation tracks ( km) defbrmation : inner strip (seals/km2) 
! I 
I 

1 

. 
0-10 2,011 37 I 822 0.41 I 

> 10-20 1,64l I 31 759 0.46 . 
> 20-30 406 8 193 0.48 
> 30-40 246 

I 
5 83 0.34 

> 40-50 146 3 I 45 0.31 
> 50-60 224 I 4 50 0.22 
> 60-70 332 I 6 ; 73 o. 2:~ 
> 70-80 178 

l 
3 37 

(55)1 
0.21 

(0.37)1 
I 

> 80 150 3 f 34 0.23 
I 

Totals 5,331 If 00 :2,096 0.39 
_. __________________ ~I------------++I------~------------------------.---------

Highly deformed ~ce (>80%) ~al limited in extent and occurred next to 
the flaw lead. Values in par~ntheses represent observed number of 

1 

seals and the resulting dens;ity in this ice deformation category. They 
are considered ahofualous bedal se of a' singl~ sighting of 22 seals 
along a crack ex~ending to ~h lead. fThis crack was a corridor along 
which seals fromj the l~ad ~du d penet~ate the adjacent fast ice. The 
actual trend of ~eal densitY n relation t() deformation is more 
clearly obvious py either di!sl-egarding areas of 80% or more . 
deformation, or Py adjusting he obse~ved number of seals to represent 
the Single sight~ng of 22 s~a~s as ~ sighting of 1. Values not in 

. parentheses repr~sent the l~tter adJustment. .' . 
f . 
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Figure 3. 
I 
liocation of the 1981-82 replicate line flown for purposes of 
comparing seal densities in both years. , 
I 
I 

Be.ufort Se. 

Figure 4. ~ap of the Beaufort Sea,coast showing location of all seismic 
~nd control aerial sur~ey transects flown in May-June 1982. 
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137 k~. The 1981-82 replikate transe~t was over a course having the following 
w~ypolnts: (1) 70025.7~N, 148°15~IIW; (2) 70034.4 IN, 149°24.5 IW; (3) 
70037.2 IN, 149°55.2 IW; anCl (4) 70°431• IN, 151°56.1IW. Total length of this 
1 ine l,yas 141 km. f • 

. I 

RePlicate.fli~htS. al~ng ~he refer nce tr?nsects indicated a mean density 
(all legs 'comblned) of 0.54 rlnged se~ls/km2 1n 1982 (Table 6), compared to a 
mean density in 1981 of I 0.37 seals{km2in a combined total of 702 km of 
transects. The higher Idensity ob~erved in 1982 was not significantly 
different than that recorded in 1981 ( = 1.029~ df = 32, P > 0.05). 

For a single f1i9htl compariso~s· of sei~micand control transects are 
va 1; d since both types of transectS were adJacent to each other and were 
usually flown as alternating legs wh'i h were 'temporally and spatially close 
and affected by ,the sam.le weather It nditions.·. Such similarities did not 
necessarily prevail among days or etween 12 flights in a singlle day. 
Comparison of densities at seals on s ismic and control lines for individual 
flights during which both types [0 trans~ctswere flown indic:ated a 
significant difference inl only 1 inst nce (Table 7). On 26 May, the density 
of seals was greater on seismic lines (0.29 sea1s/km2) than on control lines 

. (0.14 sea1s/km2). Based ~n a compari~ n of th~ pooled results for all seismic 
a~d control transects flown in 19~21, the results were not significantly 
dlfferent (t = 1.029, df ~ 32,p > O.O~). .' 

.. On transect 1 egs f1 dwn over dri1iL ng ice: in the regi on between F1 axman 
Island and Barter Island Ion 29 May tHe observed density of ringed sE~als was 
O.11/km2. This was considerably low~r than'the density observed on most 
transects over the fas t i fe. . I. .. 

The relationship between seal d~ sity and extent of deformation of fast 
ice in 1982 is presentedi in Table 8. As in: 1981, the highest dens"ities of 
basking seals occurred inl areas wher~ eformation was less than 40%. 

[. ·1· 
B. Seal Structures in Beaufort Sea ,S ismic Ex loration Areas 1982 

Seal structures werk located b~ searching with a dog along 267 km of 
seismic and control 1irles(Figurel ) and along apprOXimately 28 km of 
non-systematic' search 1in'es. In total, 157 structures were found: 105 along 
seismic trails, 36 along to.ntro1 lines, and 16 during non-systematic searches. 
It was possible todeter~ine the typ~ of structure in 148 cases. This sample 
included 70 breathing holes (47% of all identified structures), 62 simple 
lairs (42%), 5 complex ,lairs (3%), I nd 11 pupping lairs (7%). Two access 
holes to the snow surface: were found la ~ are included as b~eathing h~les. Few 
of these were found beca;use our samp 1 ng effort was terml nated pn air' to the 
beginning of the m.a~n m01ft. period, wie s~a1s haul out in l.arge num~er's. , 

Of the 78 1a1rs exam1ned, 62 wer slngle-chambered slmple la1rs (79% of 
all lairs), and 16 wer~ multi-chamb red (21%). (Note: complex 'lairs as 
defined in this report a~e not to belt nfused with "lair complexes" as; used by 
Smith and Stirling (1975). The 1at~e refers tri a group of several lairs 1n 
close proximity to one another.) Ele en of the complex lairs were c:onfirmed 
pupping lairs. Therefore puppingll irs made up a minimum of 7% of all 
structures examined, or ~4% of all lairs. J . 
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Table 6. Resullts of aer:~,~,,"L~~~~yeys q~:, r..if)ged,. seals along replicate 
reference trans'ects';-,'1981 and' 1982:." . I . 

Date 

2 June 1981 
3 June 1981 
4 June 1981 
.7 June 1981 
9 June 1981 

Number of 
1 egs . 

2 
10 

1 
5 
4 

22 

Transect 
length (km) 

100 
239 

71. 
144 

.149 

703 

Density 
(seals/km2) 

0.59 
0.35 
0.44 
0.34 
0.25 

0.37 

25 

Combined 1981 I 
. ::-::~-::::---I--------------:-----------------::--------------:~::--------

26 ~ay1982 1 2 150 0.20 
1 June 1982 'I 4 129 0.69 
3 June 1982 ! 3 65 0.96 

Combi ned 1982 1 11 . 410 . 0.54 
I 
! 

! . 
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- Table 7. Densities and statistical comparisons of ringed seal abundance along adjacent seismic and control 
transects surveyed in 1982. 

Seismic transects 

number transect x density 
Date and of length (seals/ 
flight legs (km) km 2 ) 

26 May, Fl t. 7 155 - 0.29 

s.-d. 

0.12 

number 
of 
1 egs 

8 

Control transects 

transect 
length 
(km) 

132 

x density 
(sea-l s/ 
km2) 

0.14 

s.d. Student's t test 

0.14 t = 2.238, df = 13, P < 0.05 

~29-May,Ht-;---1 4 91~~ 0~12~~-0~1Il --~~ 4 97~· -~0~22-~· ~0-;-22~~· ~. -t = 0~774--;-j1r=~;--P:>-0-:-1~· -

30 May, Flt. 9 102 0.40 

31 May, Flt. 1 2 29 .0.37 

Flt~ 2 2 26 0.34 

1 June, Fr~t-~-~~S~~· -94--0;57. 

3 June, Flt. 4 75 0.47. 

4 June, Flt. 4 70 0.49 

0.43 

0.40 

0.29 

0.10 

0~35 

0.33 

2 

3 

2 

5 

6 

31 0.14 0.29 t = 1.051, df = 9,p> 0.1 

55 0.38 0.25 t = 0.0183, df = 3, P > 0~1 

26 0.41 0.03 t = 0.348, df = 2, P > 0.1 

104 0.58 0.24 t - 0.511, df = 8, B > 0.1 

192 0~62 0.50 t = 0.563, df 8, P > 0.1 

22 0.49 0 t = 0.00, df = 3,p>0.1 
~ -,.-~ ------ -~ - ,- ---- - ~- .--~. - - - -~ - ----:-- . .-.-...,.--~. - -~- - .-- ---" -~- - - -

N 
0'1 

---------~---------
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Table 8. Distr:iJbution o£ ringed seals 
ice i~ the study area, based 

I 
in relation to deformation of fast 
on 19Si aerial surveys. 

Percent ice 
deformation 

0-10 

> 10-20 

> 20-30 

>-30-40 

> 40-50 

> 50-60 

>60-70 

> 70-80 

> 80 

Totals, 

I 

I 
I 

I1ength of 
tracks '(km) 
1 -
I 
I 935 

276 

,239 

143 

59 

91 
I 
'20 
I. 

6 

o 

1,869 

Percent of 
transect area 
of designated 
deformation 

50 

20 

13 

8 

3 

5 

1 

<1 

o 

100 

Number of seals 
seen within 
inner strip 

423 

211 

88 

40 

11 

'21 

5 

o 

o 

799 

Density 
(seals/kin2) 

0.45 

0.56 

0.37 

0.28 

0.19 

0.23 

0.25, 

o 

0.43 
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Map of the Beaufort Sea showing geographical location of seismic and control lines searched with 
the dog in 1982. 
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The dog was very consistent in his ability to locate subnivean seal 
structures~ In a}l instari2~~ 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 ~t greater than 1500 m from sear~h lines. The relationship 
between the 'number of structures found and distance from the search 1 ine 
appeared constantlout to at least ~O m from the line. Unbiased searches for 
structures' at varying distance froin search lines were not a requisite of this 
phase of the study; the location of a large total sample of structures was. 

, I ' 
Lairs occurr~d in the physical settings described by Smith and Stirling 

(1975) and Smith i(1976): in snow drifts which form around ice hummocks, and 
along pressure ri~ges. Extent of surface deformation in which structures were 
situated varied ~rom 0% (flat ice) to 75% for breathing holes and 4% to 75% 
for 1 airs. The mean ice deforma t i on for breath i ng holes and a 11 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 wer~ ultimately limited by rough ice •. Thus, our search effort 
was not necessari/ly equally di stri buted with respect to ice deformation. The 
depth of snow anq dimensions of each type of structure found in the Beaufort· 
Sea in 1982 are p~esented in Table 9. . 

We revisitJd 'structures at intervals to determine their fates. 
Abandonment of b~eathirtg holes and access holes into lai~s was considered .t~ 
have. occurred ifi the 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 ~as completely frozen. In all instances the. holes remained 
frozen. Access :jho 1 eswere cons .idered altered if they' froze to a smaller 
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 lair was altered when ice built up on the roof to a thickness 
which did not pey;-mit a seal to pass into the chamber. Of 12 structures that 
developed altered holes,S remained partially frozen (revisits 2-5 weeks after 
initial alteratibn), and 7 became completely frozen (revisits after 1-6 
weeks). The fat~s of 4 lairs which were altered but had open access holes 
when found were: j 1 access hole frozen within 1 week; 1 access hole partially 
frozen within 4 weeks; and 2 altered lairs cleared and reused for hauling out 
(one within 3 we~ks, and one within 4 weeks). . 

The fates o~ 96 structures, active and unaltered when first found, were 
examined in a th'ree-way ana1ysis (Sokal and Rohlf 1969) that included: (1) 
fate of the stru~ture; (2) the observer· that found the structure; and (3) the 
method of initial verification of the structure (probed or partially dug 
into). There wa~no significant difference in the number of structures opened 
by each investigator (G = 1.038, df =. 2, P >' 0.5), nor in the fate of 
structures in re:lation to which investigators found and initially identified 
them (G = 2.010,!df = 4, P > 0.5). . . ' . _ .. 

Approximately two thirds of the structures we located were revisited 1-5 
weeks later. W~ compared the fates of structures that were dug into on the 
initial visit to' those that were only probed. Based on all structures that 
had open breathing holes on the first visit (this includes both open and 
altered categorihs), there wa~no difference in the abandonment of structures 
that were dugin1to and those that were only probed (Table 10). Eighty-seven 
percent of all:structures visited for a second time, whether dug into or 
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Table 9. Measurements j(cm) 

holes, lairs ': and 
from the Bea~fort 

Parameter 

Snow depth at structure 

~iameter of hole 

length ofl air 

Width of lair 

Greatest height of lair 

! 

, 

Statistic 
I 

MEAN 
RANGE 
sloe 

t N 
! 

MEAN 
RANGE 

SlOe 
! N 
I 

MEAN 
RANGE 

51.0. 
I N 
, 

, MEAN 
RANGE 

S!.O. 
J N , I 
I 

MEAN 
RANGE 

Sl·O. 
N 
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I 

of seal-~ade structures, 
access!h~les to 'the snow 
Sea, s~rlng 1982. 

including breathing 
surface based on data 

I 
j I 

breathing 
hOlie 

38!.J 
o -; ill 6 

20.)] 64 

3J':l ' 
10 -[ b2 

12'.8 
41 

I 
I 
! 

! 
t 

! 
I 

Type of structure 

simple 
lairs 

complex 
1 ai rs 

77~2 90.8 
29 - ~150 70 - 123 

26.8 22.4 
61 ' 5 

42.6 
18 - 166 

11.5 
32; 

165!2 
78 - 467 

66.7 
53 

, 98.0 
52 - 165 

25.1 
53' 

35.3 
12 - 55 

9.1 
54, 

42.0 
41 - 43 

1.2 
6 

268.0 
160 - 389 

'90.4 
5 

94.4 
76 .;. 115 

17.9 
5 

37.4 
24 - 64 

16.6 
5 

pupping 
lairs 

93.0 
66 - 119 

17.4 
11 

65.0 
29 - 118 

32.2 
4 

245.0 
145 - 455 

81.4 
10 

154.6 
84 - 250 

57.4 
10 

33.1 
25 - 53 

7.8 
10 

aCCEtSS ho 1 es 
tel snow 
surface 

19.5 
15 - 24 

6.4 
", 2 

49.5 
39 - 60 

14.8 
2 

-
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Table 10. Fate of seal::f;structures in relation to initial method,'of 
examil~ation. For 2nd and 3rd visits, only structures that were 
open'on the previous visit are included. Open categoty includes 
structures that were completely open and those that were 
alte~ed, since the two could not rel iably be distinguished, by 
probing. 

r ' 
I 

Examination I' 

method 
(previous visit) 

J 

t 
! 

" 1st Visit 

'2nd Visit I 
Dug into I I 
Probed 

"I 
All I 

3rd Visit 

Dug into 

Probed 

, All 

Sample 
size 

148 

46 

56 

102 

10 

62 

72 

Number of structures (%) 

Open 

129 (87) 

40 (87) 

49 (87) 

89 (87) 

9 (90) 

58 (93) , 

67 ( 93'-

"Frozen 

·19 (13) 

6 (13) 

7 (13) 

, 13 (13) 

1 (10) 

4 (7) 

5 (7) 
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probed, remained open (X~2 = 0.007, d = 1, P > O.~). We also compared the 
effect of digging into versus probing tifOr structures that were visited a third 
time (Table 10). As inj the previ~u comparison, there was no ,significant 
difference in the rate o~ abandonment, based on method of examination,between 
second and third visits (jx2 = 0.168, Id

l 
= 1, p' > 0.5). ' 

, Comparisons were 'alJo made of t:h~ incidence of abandonment of structures 
located along seismic and control 1ih s, and re1atiye to distance from lines. 
We found no significant ~ifferences /i the abandonment nf structures located 
on seismic or cOhtro1 lines (x 2 = O.p 5, df =:1, p >0.75), or in relation to 
distance from seismic or control' 1i es (Table 11). ForstructurE~s along 
seismic lines, 84% of thqse within 150 m and 9,5% of.those beyond that distance 
were open (x2 =3.457, df = 1, p >10.05). Along contro11ines these values 
were 86% and 91% (x2 = 0./210, cif = 1, > 0.10). These comparisons were based 
on data 'from the firs~ time a ~ ructure' was located, before obse~ver 
disturbance (if it occurned) might af ct the :results. 

, For structures found along seis~ic lines,' we examined whether the:re was a 
relationship between fate of the stru ture and the time when the seismic line 
was worked by vibroseis !equipment 0 .e., vibrated). Sample groups included: 
(1) structures initiallyj located after 1ines,were laid out and cleared, but 
before they were vibrated; (2) those initially located within 1 week after 
vibration; and (3) those [found 1 t02 eeks after ~ibration (Table 12). There 
were no significant differences in ates among the 3 samples (x 2 = 4.075, 
df = 2, p> 0.1). I 

I 

The other major sobrce of dist rbance within the studY' area was the 
construction of Seal Is1~nd, an artificial gravel island located approximately 
18 km northwest of Pru.~hoe Bay (70 0 29.5:N 1480 41.6 W). Flooding and 
thickening of the ice road occurre prior 'to February 21, 1982. Island 
construction began abouit February 3 and continued until April 8. (P. 
Woodson, Shell Oil Compa~y, personal ~mmuniC"tion)., . 

. We compared the aba~donment rate for 42'structures located within 10 km 
of Seal Island, including those fo~n along: control lines and others found 
during random searches. I Theabando~ ent rate within 2km of Seal Island was 
found to be significantly greater than it was 2-10 km away. Within 2 km of 
Seal Island, 3 ot 5 stru~tures (60%) jere abandoned~ compared to 5 of 37 (14%) 
beyond 2 km(x 2 .= 6.173'i P > 0.025). :' 

Arctic foxes were jpresent in 'l~latively low numbers on the fast ice 
throughout the period pf our fierd work.. In iearly April there was a 
noticeable increase in the number o~ fox tracks seen, indicating that more 
foxes were either moving closer to f hore from the drifting ice or onto the 
fast ice from land. Our first defin'te evidence of the birth of a seal pup 
was found on 4 April. It was the re~ ins of a pup contained in fox feces. We 
found the first live pup in a lair: bn 7 April. Remains of fox-kill1ed pups 
were found near lairs on l 10 and 26 4p~i1 and 19 May, the latter bein!} remains 
of an 01 d ki 11 exposed by melti ng sniow. . 

Of the 78 lairs wei examined, i6l pupping or complex lairs and 8 simple 
lairs were entered by foxes. Thus, 11 % of all lairs had been entered by foxes 
by' the time they were! checked fort the last time. ,This underlestimates 
disturbance by foxes as [there was ample time for structures to be opened by 
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Tabl elf. 
,-

Fate of 132 seaJ .. .,str,uctures ';n""relation to distance from seismic 
and control se'aFch ;ines, b'ased or'" first visits to structures. 

" I ' ' 

Type of 
search line 

~eismic 

Control 

All 

-' Di stance of 
structures 
I' ' 
ifrom lines 
! 

< 150 

> 150 

< 150 

> 150 

< 150 
; 

> 150 1 

i 
i 

Sample 
(m) size 

55 

44 

22 

11 

77 

55 

Number of structure~ (%) 

Open 
(Includes' Abandoned 
Altered) (Frozen) 

46 (84) 9 (16) 

42 (95) 2 (5) 

19 (86) 3 (14) 

10 (91) 1 (9) 

65 ( 84) 12 (16) 

52 (94) 3 (6) 

.. , 
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Table 12. Fates of seal structurL ;n 
lines and ~iming of seis ic 
first v; s11s only. i 

rela~ion to distance from seismic 
expl:oratory activity .. Data are for 

1 Refers to lines sea~~hed after ~JingSUr~eyed ~ndcleared but prior to 
use of vibroseis eq~ipment, and 1ines searched within indicated time 
periods after operations of vib~ seis equipment. . 
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, . 
foxes subsequent to our fi na 1 vi s its. Cons i deri ng 1 airs opened by foxes as 
well as all struotures simply marked (feces and/or.urine present), 33% of all 
structures had bebn visited by foxes. 

1 " , 
'C. Regional Sur~ey of Abundance and Types of Seal Structures, 1983 

An extensivJ survey of fast ice in the broad region between southern 
Norton Sound and lpeard Bay was made from 22 February to 15 March 1983. This 
preliminary surviey was undertaken to determine if there were regional 
differences in the types and relative abundance of subnivean structures and to 
locate an area ~uitable for more intensive investigation •. This effort was 
begun in Norton Sound and progressed northward in order to take advantage of 
increasing dayli~ht and seasonally moderating temperatures. Logistic bases of 
operation were Unalakleet, Nome, Kotzebue, Cape Lisburne, and Barrow. 

A total of l119 structures ~ere found along 23 different 1 ines that, in 
aggregate~ made up about 82 km (Table 13, Figure 6). The exact length of line 
4 could not be d~termined due to failure of navigation equipment, and line 21 
was found to be ton ice that was mostly grounded. Those 1 ines were excl uded 
from· our analys1is, except for description of the types and settings of 
structures found p 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). Thel highest relative densities of structures occurred ·in eastern 
Norton Sound (predominantly breathing holes) and near Peard Bay (predominantly 
1 airs) • " i' . ' 

. Of the 1191' structures, 4 (3%) were in ice ridges and could not be 
excavated and classified by type. Of the remaining 115, 40 (35%) were lairs 
and 75 (65%) we~e breathing holes. There were major regional differences in 
the types of structures found (Table 14). In Norton Sound, lairs composed 
only 22% of all'!identified structures, compared to 54% along the northwestern 
Seward Peninsula and in southern Kotzebue Sound, 15% in northern Kotzebue 
Sound, and ~8% ih the northeastern Chukchi Sea. 

. I . 
The 2 regi:ons wi th sma 11 proportions of 1 Iii rs were characteri zed by 

relatively flat l(less than 10% deformed) ice that was largely blown bare of 
snow. In Nortonl 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.surv:ys.\ In northern Ko~zebue Sound the ~ce had remai~ed relati~ely 
flat w,th l,ttle snowaccumulat,on, even though lt had been ln place S1nce 
freeze-up, whic~ occurred in late October. 

Of the 115:lidentified structur,es, only 4 had been abandoned or altered. 
All abandoned structures were lairs. There were no indications, either from 
~ign inside lai~s, or .by the presence of lanugo (wh~te hair fro.m ne.wborn pup~) 

. ln fox scats, that nnged seal pups were born pnor to termlnatlon of thlS 
survey on' 15 Ma~ch. We did not find any indications of successful predation 
on ringed sealsjby 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 in~ensive study was selected in southern Kotzebue Sound, in the 
vicinity of line number. 19. 



Table 13. 

Date 

Feb. 24 
25 
25 
26 
27 
28 

Mar. 1 
2 
3 
3 
4 
7 
7 
7 
8 
9 
9 
9 

10 
10 
11 
13 
15 

I 
f I . 

Results of searches for. 
between ~ou~hern Norto~ 
15 March 19~3. f 

inged s~~l structures on landfast ice 
ound and Peard Bay, 22 February to 

Line 
IL ngth of 
search 1 i ne ' Number of 'Structures/ Percent 

no. Location I (km) structures linear km lairs 
1 

1 
I 

3.5 1 Isaacs Point 8 2.3 62 
2 Egg Island 4.8 9 1.9 11 
3 Stewart ISland 2.6 7 2.7 0 
4 Norton Bay 2 50 
5' Sledge Island 3.5 ;8 2.3 25 
6 Cape Nomei 2.3 4 1.8 0 
7 Bl uff 1 1.8 5 2.8 20 
8 Port Clarence 5.0 4 0.8 0 
9 Ikpek I 4.0 5 1.2 0 

10 Ikpek I 1.3 1 0.8 100 I 

11 Shishmarer 6.3 9 1.4 66 
12 Kotzebue Sound 1.8 2 1 .1 0 
13 Kotzebue Sound 1.6 2 1.2 50 
14 Kotzebue Sound 1.6 2 1.2 50 
15 Chami sso . j s 1 and 4.0 6 1.5 50 
16 Cape Espe~berg 1.8 2 1.1 0 
17 E. Kotzebue Sound 

I 
8.2 6 0.7 17 

18 E. Kotzebue Sound 6.8 6 0.9 0 
19 Deering .j 5.0 10 2.0 70' 
20 Choris Peninsula 4.3 7 1.6 43 
21 Kotzebue I 

I 
5.6 2 * 0 

22 Cape U sburne . 2.6 '3 1.2 33 
23 Peard Bay! 3.7 9 2.4 66 

I 

I I 
* Search line was found ' ~ 

toibe on extensi'lel y grounded ice. 

I r 
I' 

36 

Table 14. Regional d~fferences i~ kinds of; ringed seal structures found on 
landfast ioe from Nortbn Sound to Peard Bay, 22 February to 
15 March 1983. 

! 
i 

u nel1D1 numbers 

prop6rti~n of 
1 ai rs 

Region 

E.. Norton Sound 

N. Norton Sound 

NW. Seward Peninsula 

S. Kotzebue Sound 

N. Kotzebue Sound 

Cape Li sburne 

Peard Bay 

I 
I 
: 

1-1+ 
i 

5-8 
I 

i 
9-1!1 

15, 1;9-20 
I 

12-1:4, 
16-18, 21 

i 
26 

I 
21 
l 

15 . 
{ 

23 

I 
22 

t 
.3 
I 
9 
i 

N' % 

7 

3 

7 

13 , 

3 

6' 
I 

27 

16 

50 

57 

15 

33 

67 

1 . I I I ' 
2 Line numbers corre~pond Ito those indic~t~d in Table 13 

Does not include 4 unidentified structor~s. , 
3 Does not include lines ~ and 21. -

and 

Length of 3 
lines (km) 

10.9 

12.6 

11.6 

13.3 

21.8 

2.6 

3.7 

Figure 6. 

StrlJctures/3 km I,ea rched 

2.2 

1.7 

1.3 

1.7 

0.9 

1.2 

2.4 
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I 
I 
I 
I 
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KOTZEBUE 
I 

'\> , 

. . 

NORTON SOUND 

1550 

PEAlfO lAY 

Figure 6. ocations of 22 search lines on landfast ice in western 
, laska, 22 February - 15 March 1983. Small dots indi­
~ate starting positions of each line. Pie diagrams . 
~ndicate proportions of lairs (unshaded) and breathing 
;holes (shaded) found along each line. Numbers indicate 
:the designation of lines represented by 'each circle and 
correspond to those in Table 13. 
I . 
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Seil Structure Studi~s 
r . 

Kotzebue Sound Fast Ice, 1983 

Gri d Descri pti ons . i 
i 

In 1983, we establis~ed 2 recta~gwlar-shaped study grids on thefast'ice 
of southeastern Kotzebu,eSound (:Table 15). Grid 83-1 was located 
approximately 24 nm northwest of the ~illage of Dee.ring (near line 19, shown 
in Figure 6), along a 10l1g, 1 inear, lfrozen !Crack. which extended almost to 
shore. Water .depth was! 14 m near he center of the grid, and the ice 
thickness in early April ~~s approxima ely 102 :cm. This was the larger of the 
2 grids and the ice conditions were tq~ite vadable. Overall deformation was 
about 35% with an averagel relief of 6C-90 cm. The grid was bisected east to 
west by a large (90-275 m: wide) refroz~n lead.' Another smaller perpendicular 
lead ran· north to south: through t~e western end of the grid. With the· 
exception of a few extensive flat areas (>400 , m wide), the gl'id was 
characterized. by . small, !flat pans ~rterspersed among large fields of low 
rubble and some largerpr~ssure ridges or area~ of jumbled ice. . 

Grid 83-2 was loca'te~ about 4 km!( ffshore f from Point Garnet on thE~ Choris 
Peninsula, near surveyli'ne 15 (Figure 6). Water depth was from 11-13 m and 
thei ce was 120-130 cm ~hi Ck i.n 1 atel April. ' The ice within Grid 83";2 was 
considerably flatter than in Gridl ~3-1, with overall deformation about 
10%-20%, and average rel i,ef of 30-60 I:m. In general, the grid consisted of 
extensive flat areas surnounded by irJegular pressure ridges of low relief. 
The. southwe~tern. edge of t'~e grid was! ordered by an extensive fl ~t ~xpanse of 
undeformed lce wlth very llttle snow F ver. Snow cover on the grld ltselfwas 
minimal, except near pres~ure ridges were drifts had formed. , , f 

I I 
Both grids were wor~ed mainly itn 1 ight winds. Between 5 and 29 April, 

winds exceeded 10 knots oh only 3 orl4 days. In general, wind speed was less 
than 5 knots; our most persistent problem was the lack of wind, which made it 
difficult for the dogs to: detectsealf tructures. 

I· , 

I 
Search Effort and Biases I 

. I 
I 

Two dogs, Clyde anci Charl ie, ~ ,re used to conduct searches for seal 
structures in 1983. Since the possibility existed that the 2 d09S might 
search in a somewhat di:fferent mariner, be more effective at dete:cting a 
particular type of struc~ure, or work Idifferently under certain environmental 
conditions, we tested fori such poten~i~l biases. 

. . The mean and maximuJ distances If tom the 'search 1 ineat which thl~ 2 dogs 
detected structures were ~imilar. Mea~ distances of detection were 134 m and 

. 125 m for Clyde and Char1ie respecti~ely on Gfid 83~1, and 154 m and 147 m on 
Grid 83-2. Although the! mean distande was greater on the second glrid, the 
maximum distance of detection was I approximately 60% less for both dogs. 
Structures were detectedi at over '600 ITi on Grid 83-1, and up to 400 m on 
Grid 83-2. This may have been attHbutable' to weather or snow conditions 
which affected odor stren!gth; on Gri~ '83-2 th~ snow and ice were very wet and 
many lairs were collapsedl and exposed. i . 

f ' I .1 

The dogs were also ':similar in ;t eir suc~ess at finding seal structures 
under different wind conditions. Al~hbugh Clyde found 16% more structures per 
mile searched on Grid 83-~ than did ~h rlie (ptobably because Charlie was less 
experienced), the differtnce was similar at all wind speeds and wind angles 
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Table 15. GridS searched for seal structures in Kotzebue Sound, Alaska,. 
April 1983. 

Dates 
Grid # searched 

8~-1 

83-2 

I 
5-22 AprH . . I 

'1 
! 

25-30 AJ, 
I 
I 

". 

! 

j 
! 
1 
I 

I 
I 

J 

I 

Center·point 
of grid . 

66°12.4'N 
163°09.3'W 

66°19.0'N 
162°01.0'W 

27.37 

5.87 

Di stance 
. from shore 

(km) 

14.8 

3.7 

Comments 

Two large, perpendicular, refrozen 
leads running through. Diverse 
ice conditions incl~ding some 
extensive flat areas, mostly 
intermediate 60-90-cmrelief, some 
areas with relief to 200 cm and 
large deep snow drifts. 

Generally low relief with rubble· 
field at one end. Many flat 
areas divided by low pressure 
ri dges. Gri d· adjacent to very 
extensive flat ice. Melt· well 
advanced when this grid was 
worked. 

'",.. . ~ 
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(Table 16) with no indication that either dog was consistently more successful 
under particular conditions. The d09~ similarly showed no bias (G = 0.919, 
df = 4, P > 0.05) in the: types of st uctures,they located, each dog finding 
about the same proportion~ of breathi~ holes and lairs (Clyde - 29% breathing 
holes and 70% lairs, n =1 141; Charll~e - 32% breathing holes and 67% lairs, 
n = lOS). ' Overa 11, for; both dogs combi ned, the ,number of s tructu res per 
kilometer searched for all wind speeds,",;,nd wi,n~,' angles ranged from 1.0 to 1.9. 

The percentage of structures in Ie ch wind speed and wind angle c:ategory_ 
corresponded closely to ;the percenta e of total distance searched in that 
category (Table 17).- Foriexamp1e, fo:rJboth dOg,S ,and, both grid,S combined, 48,% 
of the ki 1 ometers searched and 49% lof the structures found were in 0- to 
9-km/hr winds; 36% o~ bot~ kilometer~ and structures were in 10- to 18~km/hr 
winds; and 5% of both ki16meters and ~ ructures were in 19- to 27-km/hr winds. 
Similarly, 66% of the ki10meters se~r!hed and' ~5% of the ,structures were at 
wind angles ~50°. This suggests tha~ despite' the perception that some winds 
may be better than otherslfor searches the do~s were equally effective at all 
moderate wind speeds and all angles be~ween wind and search lines. 

It' 
, I ' 

In 1983, all major gtid lines wer searched at least once on each side of 
the line. In addition1 some 1in~ were searched more than once and 
perpendicular cross 1inesi were searchsd to ensure that all structures within 
thegri d were found. For the 2 grH tis, 56%: of the structures found on 2 
searches of the same 1ine l (n= 27} we~1 found 6n the; first search. 

i I 
Numbers and Distribution 6f Structure~ , 

In 1983, 235 seal stfuctures werb located withir the study grids: 185 of 
those were found on Gri di 83-1 and ~O on Gri d 83-2 (Table 18). Two of the 
structures ,on Grid 83-1 !could not P identified !is to type. The overall 
density of structures on :Grid 83-2 (8.5/km2) was 25% higher than on Gl"id 83-1 
(6.8/km2). Breathing holes and comple lairs occurred at greater dens'ities on 
the second grid, whereas ~imple lair~ ere less abundant. Although densities 
were different, breathi~g holes m.de up a similar proportion of total 
structures on Grid 83-1 (~4%) and Grid 83-2 (38%}.The relative abundance of 
simple and comp1e~ 1airs~ however, di fered considerably. Simple lairs made 
up 45% of all structures ~n Grid 83-1!'~but only 22% on Grid 83-2. Conversely, 
complex and pupping lairsl made up 20% f the structures on Grid 83-1, but 40% 
on Grid 83-2. The proportions of di~f rent types of structures on the 2 grids 
were Significantly different (x2 =1 t7.5763, df := 4, P < 0.005). Within 
Grid 83-1 the ratio of si~ple lairs to complex lair~ (including pupping lairs) 
was approximately const!ant througho t the study period., Simpll~ lairs 
accounted for 69% of all lairs during' the first 9 days and 71% during the last 
nine. A similar result w'as obtained when the period was divided into a first 
portion lasting 12 days ard a second lasting 6. ' 

Grids were also tr~ated as g~oLps of adjacent blocks {2.6 km2}, to 
examine within-grid variability. Ifi\ the 9 blocks within Grid 83-1" simple 
lairs made up 28%-59% of! structures~ compared to ·20% and 23% in the! 2 Grid 
83-2 blocks. Complexlalirs ranged If om 6%-34% on Grid 83~1 and 37%-45,% on 
Grid 83-2 (Table 19). I 
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Table 16. Influence of wind on the number of seal structures found in Kotzebue Sound, April 1983. 
A. Wind speed •. B. Wind arigle to search line. 

A. Wind speed 

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 1.3j")-
19-27 3.7 .5 1.4 3.2 5 1.6 6.9 10 1.4:;' 
28-36 3.7 7 1.9 8.0 6 0.8 . 11. 7 13 1 • r·t 
37-45 0.0 0 0.0 3.2 6 . 1.9 3.2 6 1.9;" 

Total . 70.8 101 1.4 63.2 78 1.2 134.1 179 1.3' 

B. Wind angle to search line " 

~ 
:~. 

1. 
Clyde CharHe Both dogs combined :r~ . ";. 

structures! structures! 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 11 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 

Total 70.8 101 1.4 63.3 78 1.2 134.1 179 1.3 
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Table 17. 

A. Wind speed 

Km/hr 

0-9 
10-18 
19-27 
28-36 
37-45 

! 

" r 
! 
I 

l 
I 

Relationshi~ between sepich effort (% of all kilomete~s 
searched) a~d the percer~ of structures found for varlOUS 
categories I A Wind spe.d B -Wind angle • I . . . . 

I 

I 
I 
r 

\ 

wind 

Gridl 83-1 Grid 83-2 Combined 
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i/() km i/() structures I ~ km % structures i/() km i/() structures 
\ 

I 
46 I 61 59 45 48 49 

39 37 I 27 30 36 36 
5 I 6 2 3 5 5 
9 7 10 I 8' 9 7-
2 i 3 0 0 2 3 , 

\ \ 
, 

---------------------------l---------------- ------------------------------------------------
I 

B. Wi nd angle to search 1 i ne
l 
I 
; I 

Gri d 83-1 

I 
Grid 83-2 Combined 

Wind angle '4 km i/() structures ~ km "& structures '4 km i/() structures 
I I 

i-

i f 

0-10 11 I 13 2 i 3 9 12 
10-20 4 I 4 22 22 8 7 
20-30 30 i 23 20 24 28 24 
30-40 5 7 12 27 7 10 
40-50 18 14 0 0 14 12 
50-60 16 18 0 0 13 15 
60-70 2 3 0 0 2 '3 
70-80 7 8 39 19, 13 10 
80-90 7 I '9 5 5 7 ,8 
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Table 18. Dens~ty (number/km2) of ringed seal structures for 2 grids in 
Kotzebue Sound, April 1983. 

I 

I 
Density/km2 

Grid Area (km:2) 
Tota" # 
structures 

breathing 
holes 

complex/ 
simple pupping 
1 airs, 1 airs unknown total 

83-1 

83-2 

Tabl e' 

Grid 

83-1 

83-2 

19. 

• J 

27.4 

5.91 

I 
I 
I 

185 

50 

2.3 

3.2 

3.0 1.4 

1.9 3.4 

, 0.1 ' 

0.0 

Numtier of identified ringed seal structures1in blocks 
within grids in Kotzebue Sound, April 1983., ' 

,I 

"! 

Complex and 
Block Breathing hole Simple lair pupping lairs 

1 9 15 6 
2 8 7 4 
3 4 7 3 
4 11 8 10 
5 8 ,8 7 
6 5 8 1 
7 6 10 1 
8 7 8 1 
9 5 12 4 

I - I 7.0 9.2 4.1 x 
I 

1 I 7 4 9 
2 I 12 7 11 I 

1 
; 
I 

X 
i 9.5 5.5 10.0 
t 
( 

I 
, 

6.8 

8.5 

(2.6 km2) 

Total 

30 
19 
14 
29 
23 
14 
17 
16 
21 

20.3 

20 
30 

25.0 

1 A 1thoug~ 1815. s ~ructure~ were found with i n Gri d 83-1, 2 of them could 
not be lden't,fled as to type. 
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I 
The di'stances, between structur~s were compared for both Kotzebue Sound 

grids (Table 20). Grid 83-2, with th highest density of structures, had the 
smallest mean distance betweenstru~tlures (x = 172 m for Grid 83-1 vs. x = 
134 m.'for Grid 83-2). IThe mean dis~ances ~etween breathing holes~, simple 
lairs, and complex lairs Iwere propor~ onately smaller (6%~27%). In contrast, 
pupping lairs were oyer ~wice as far apart on Grid 83-1 (x = 113 m) as they 
were on Grid 83-2 (x = :51 m), where they occurred at significantly higher 
densities (1.4/km2 vs. 3.f/km2). , 

:More structures o~Jurred in "9 oups" ih Grid 83-2 than in Grid 83-1. 
Nineteen percent of allistructures! f Grid 83-1 occurred within 75 m of 
another structure, compated to 40% on Grid 83-2 (Table 21). The most common 
group size was 2, but oni each grid th re were single incidences of groups of 
3, 4, and 5 structures. Most pairedls ructure~(12 of 15 instances) consisted 
of 2 nearby lairs. Fiv~ of 6 group that included more than 2 structures 
cons'isted of at least 11 breathing r le and ;multiple lairs, of whic:h 2' and 
sometimes 3 were pUPPingllairs. Most Igroups of lairs were found in areas of 
somewhat higher relief, greater defor~ation, and many very large, long drifts 
of deep snow. ' ' ! ' 
Characteristics of Snow lIce and Seal Structures 

, Percent deformation. average rJl~ef of the ice, and maximum snow depth 
were recorded for each sitructure we! located. iln most in~tances, mean values 
for each of these 3 pqrameters' w~r least, for breathlng holes" somewhat 
greater for' simple and complex l~a.rs, and greatest, for pupping lairs 
(Table 22). This trend )was very conistent ion Grid 83-1, which was worked 
early in the season. Me~n ice defot ati~n and relief for pupping lairs were 
approximately 30% greate~ than for breathing holes,'and maximum snow depth was 
over 90%' greater •. Therel was more va iabil ity on Grid 83-2, which was worked 
late in the season afterlmuch of thelsnow cover had,melted, making the general 
topography look quite dif;ferent. t ' r " 

Ice deformation andlrelief werJ reatesi on Grid 83-1, with mean values 
for the different struicture type~ ranging from 22%-29% deformation and 
70-95 cm relief. In contrast, Grid 83

t

-2 had m.ean deformation values of 8%-19% 
and mean relief of 55-61! cm. Dependi g on structure type, maximum snow depth 
was 12-30 cm greater on I Grid 83-1.1 It was 'difficult to estimate what pro­
portion of the difference was due to eltingand settling of the snO~i, caused 
by the warm weather and ~aln that occUrred while Gr.id 83-2 was being studied. 

~imensions of breathing holes Jnl lairs ~re given in Table 23. As would 
be expected, on both gri;ds the diam'efer of access holes to lairs WillS larger 
than the diameter of br'eathing holes. Height was the least varia.ble lair 
measurement. Minimum height of acti~l lairs was 20 cm. 

I I 

Simple lairs were ~maller 'than! omplex (F = 46.04, df = 1, P <' 0.0001) 
and pupping lairs (F =! 118.62, dfl- 1, p < 0.0001). They consisted of a 
single oval or circular iChamb,er w. ithf:mean len.gth for both grids combined of 
162.8 cm and mean width pf 112.2 cml( = 94)., Complex lairs with no, evidence 
of pups were smaller tha,n pupping l~i S (F = :9.54, df = 1, P < 0.005) and had 
a me~n 1en~th and width +f 235.4 an~ 37.3 cm'(n = 29). Compara~le values for 
pupplng 1alrs were 302.9: and 184.9 cm(n = 2~). The largest 1alr we measured 
was a pupping. lair foundl' outside Griid 83-2 on, 25 April. This lair was 641 cm 
long and conslsted of at least 9 cham ers.' 
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Table 20~ 

Grid 83-1 

MEAN 
RANGE 
S.D. 
N 

.Grid 83-2 

MEAN 
RANGE 
S.D. 
N 

Tabl e 21. 

Group size 

1 

2 

3 

4 

5 

"I' ' .... :, ..... '--. ."~? t:. 
- .k 

• OJ" 

".' . 45 ~. .' 

, 

Di s tance ·betw~~n,.,.r..i nged seal; .st r.uc.:tu res (m) on 2 gdds in 
Kotz~bue Sound, April 1983. " 

f . . 

I Lairs 
Bre~thing holes simple complex pupping All 

I. 

t , 
1 

202 163 159 113 172 
.1-413 1-425 1-359 1-359 1-425 

101 107 100 127 108 
63 83 23 14 185 

I 

I 
I 190 128 145 51 134 
12-330 . 1-285 1-420 2-268 1-420 

97 97 157 74 113 

i 19 11 7 13 50 
I 

I 

I 
J 

occlrrence of ringed seal structures in groups of differe~t 
sizes on 2 grids in Kotzebue Sound, April 1983. ! . 

i 
i 

Grid 83-1 Grid 83-2 
# groups # grOups 

151 30 

11 4 

1 1 

1 1 

1 1 
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I I . ; Table 22. 

... [ 
of snow nd ice 

, 
2 grids in southeastern Characteristics on 

I Kotzebue Sound, 1983. 
! 

I 
t 

T:tee of structure 

I breathing srmple complex pupping I 
Grid Parameter Statistic holes 1 ai rs' 1 airs lairs 

i 

I ! 
Mean I 83:"1 Ice deformation (%) 22.1 25.8 26.1 28.9 

I 0-70 10-60 10-80 10-80 I : ~~g:el I 

! 15.4 13.8 12.9 18.8 I 
I 

N 62 83 23 14 

Relief (em) Mean 70.1, 79.2 79.2 94.5 
Range 0-183 30-183 61-152 61-152 

I ~.D·f 33.5 27.4 18.3 27.4 
63 83 23 14 

Snow depth (em) Mean, 46.4 73.4 77.9 89.2 .... 
Range! 2-85 35-120 58-110 75-132 I 5,0'1 19.8 18.6 15.6 16.7 
N . 62 83 23 14 

83-2 Ice deformation (i) Mean . 18.7 12.7 8.3 .. 9.6 

.1 I Ranget· 5-70 5-40 5-15 5-15 
I S.D. I 18.2 11.7 2.6 3.8 

N" r 19 11 6 13 
I 

Relief (em) Mean f 57.9 57.9 61.0 54.9 

···1 Range 30-1 t2 30-91 30-122 30-91 
S.D. 21.3 21.3 39.6 18.3 '" 

N 19 11 6 13 

Snow depth (em) Mean I 34.8 54.0 48.3 62.3 I· Range 18-65 39-74 35-70 61-64 
S.D. 14.4 14.9 11. 7 1.5 
N 13 I 7 6 3 

I 
I 
1 
I 

·1 

I 
I I 

I 
I 
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Table 23. Di me'ns ions of' sea l-made structures on 2 gri ds in southeas tern 
Kotz1ebue Sound t 1983. 

1 

Parameter 

. j 
Diamete~ of hole (em) . . I 

'\ 
Length of lair (cm~) 

I 
Width of lair (em)! 

Height of lair (cJ) 

breathing 
Statistic· ho~es 

Mean 
Range 
S.D. 
N 

Mean 
Range 
S.D. 
N 

Mean 
Range 
S.D. 
N 

Mean 
Range 
S.D. 
N 

30.6 
10-67 
13.5 
76 

Type of structure 

simple 
1 ai rs 

47.4 
21-105 
20.9 
55 

162.2 
65-303 

44.2 
94 

112.2 
40-224 
30.3 

94 

33.2 
20='63 
8.6 
52 

complex 
1 ai rs 

61.9 
25-120 
30.4 

21 

235~4 
150-496 

67.5 
29 

137.4 
73-348 
39.6 

29 

33.4 
20-50 
8.3 
21 

pupping 
lairs 

57.6 
20-106 
26.4 

23 

302.9 
170-509 
92.2 

25 

184.9 
94-348 
58.4 

25 

36.4 . 
27-52 
7.0 
21 

., ..... 

I 
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i ~ i, . . 

The 1 engths of 1 a i ~s remained Is mil ar throughout the study peri ad. We 
tested the slop~s ?f,reg~ession lines for date vs.1ength for the 3 lair types 
and found no s,gn'f,can~ trends (p > 0.25),. although the average length of 
pupping lairs did increa~e as spring ~rogressed. Th,e wide variability in lair 
length on the last 4 days (170-509 Ci:m) undo,ubted1y precluded a si9nificant 
regression. If measurem~nts of the,~ sma11e~t lairs were deleted, the trend 
was significant (F = 9.06, P < O.Ql. These small lairs were not primary 
pupping lairs but were part of lila; comp1exes" which contained at least 1 
other very large pupping lair, or in one case contained a very young (less 
than 1 week old) pup born considerab y after the inean birth date. The wide 
range in lair size sugge~ts an exten~ed puppirig period~ , ~ I " 

" , 

In order to investigate the ef~e t of ice topography on the distribution 
of structures, Grid 83-1;wassubdivid~d into 144, approximately 400-m2 blocks 
and each block was classified as f1~tl (>50% of the ,surface with <0.3 m relief 
and <5% deformation) or ~ough ice. $~venty-fqur percent of all blocks were in 
rough ice. A comparison! of the incid~nce of structures in rough and flat ice 
showed 56% more structures per b10fI (1.39vs. 0.89) in the rougher areas 
(Table 24). Breathi,ng holes were !e ually abunda',nt in, both types of ice, , 
whereas 1airs~ in aggr~gate,were ver twice as abundant in the blocks 
characterized by roughe1 ice and gr ater snow depths. The differ,ence was 
greatest for complex an,d pupping 1jirS, which together were 3 times more 
cOmmon in rough areas. In total, 70% of all structures in blocks of "ough ice 
were 1 airs and 30,% were I breathing ~p es, i n ~contrast to blocks of fl at ice, 
where 50% were la,rs and;50% breathl'fh01es. , 

Fox and Bear Acti vi ty , 'I 
Arctic and red foxe~ (Vulpes vul es) were uncQmmon in and near ()ur study 

grids during April 1983~ as evidenced by very few fox tracks in the area. 
Only 6 structures (3%) dn Grid 83-11 ~ad any sign of faxes: 5 structures had 
been dug into and 1 oth~r was marked with fox scat containing 1anuQlo (white 
pup hair). Five of the ~6 structures visitedl by faxes were simple lclirs with 
no evidence of a pup, an~ none show~d any evidence :of a successful kill. Two 
of these were completely refrozeri, 2 were altered (being used only as 
breathing holes), and 11 was unalterredo The sixth structure, found on 12 
April, was a pupping lair where a ~i1l had occurred. There was fox scat on 
the snow above the lair,: blood inside the lair, and pieces of frozen placenta 
near the access hole. : The accessi ole was neither refrozen nor altered. 
About 15 m away the dog found a dead ~ea 1 pup, with the snout bitten off. The 
umbilicus was still attached but sh~Jnken and white, indicating that the pup 
was at least several days old. 'l " 

Sign of faxes was ~ot obvious a Grid ~3-2, but the snow was so melted 
that it would have been ~ifficult to ~ee tracks. The forelimb of a dead seal 
pup was found on top of tn ice ridg1~ear thi~ grid. 

There were no signis indicating the presenc'e1of polar bears (In either 
grid. i 

I 
I 
I 
I 
I 
I, 

I 
I 

.1 
" I 

I, 

I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
'I 
I 
'I 
:1 
I 
:1 

I 
I 
I 
I 
"I 
I 
I 

I, 
I , I 
I, 
I: 

I 

, , 49 

Table 24. Distribution ,2:f~;':$,tr\~ctures ~ljn,~,r,e).~tion to ice topography, based 
on 400-m2 blotks within Grid 83-1~ Kotzebue Sound, April 1983.' 

j 
I 

Flat ice ,Rough ice 
(n = 37 blocks) (n = 107 blocks) 

# #/block # #/block 

), , 

Breathing holesl 17 0~46 45 0.42 

Simple lairs 12 0.32 71 0.66 

Complex lairs 2 0.05 21 0.20 

Pupping lairs 2 0.05 12 0.11 

Total 
1 structures 
1 

33 0.89 149' 1.39 
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Alteration of Structures 1 I 
. At the time seal s~ructures wJr found i and first examined, they were 

classified as open, alt;ered, or ref~rozen. ; Open structures included all 
breathing holes, no matter how small ,I hat were. not completely frozen; 'and all 
lairs in which the hole ~as large en<i>u h for a seal to haul out, the l"oof was 
not caved in, ,and there :wereno icilc es hang:ing from the roof that blocked 
access to the 1 air chambers.' La irs wete cons i dered altered if the aCCE!SS hole 
was frozen to a constri¢ted diamet~ which ,precluded a seal from passing 
through, or if the roof ~as caved inlor had built-up ice which did not permit 
a seal to enter the cham~er. On both grids c~mbined, the overall alteration 
rate (altered and refrozen) was 25%1 (Table 25). The lowest alteration rate 
was for pupping lairs" of which only of 27: (4%) was altered and nClne were 
refrozen. In contrast, 141% of all! imple lairs (N = 94), were altered or 
refrozen (x 2 = 12.9493, df = 1, P < O. 01). 

, I ' 

Grid 83-1 was traver~ed by and lia d out along a' wide, refrozen lead which 
served as an ice road during our stay. This r0ad was our primary travl~l route 
to and from all grid lihes. It was also used as the airstrip foy' supply 
planes, the main route ~o shore, ant.: the place where snow machines were 
tested. Consequently, I vehi c1 e t~aTfic and the associated noi se was 
considerable. We compared the inc1dence bf altered and refrozen seal 
structures adjacent to the heavily Used ice :road with the remainder of the 
grid which had far less v:ehicle traftiF (Tabl~ 26). Forty-one percent of all 
structures along the ic~ road (wit~iln 200 ~ of 'it, on either sidle) were 
altered or refrozen, co~pared to 2f3% on th~ remainder of the grid. The 
difference was greatest for simple }airs; 67~ of those a~ong the ice road, 
compared to 34% elsewhere I,were a lteY1e~ or refrozen.. The dl fference clDul d not 
be attributed to a difference in ptjoportioo of structure types or their 
inherently different alte~ation r.ate~. ince br¢athing holes and lairs occurred 
with approximately the same frequency along the ice road as elsewherE! in the 
grid. A comparison between the most heavily: used' portion of the ice road, 
with the portion that received thelleast traffic, also indicated it higher 
alteration rate in the hehvy-use area.l Forty-six percent of structure~ in the 
high-use section (n = 24) compared ~o 20% (n '= 5) in. the lower-use area were 
altered or refrozen. ,: 'I I ... 

I ' 

E. Seal Structure Studi~s - Cape Lts, urne Fast Ice, 1984 . 

Grid Descriptions I l 
In spring 1984, 5 re~tangUlar-S~a ed study grids were established on fast 

ice near Cape Lisburne (Rigure 7). G1ids 84-~ to 84-3 were 56-65 km east and 
Grid 84.;.4 was 43 km east of the Cape Lisburne NORAO facility. Each was in 
somewhat different ice :.conditiOnS I,ajd at d.: iff.erent distances from shore 
(Table 27). Grid 84-5 wa:s 2-4 km ea~t of the :Cape Lisburne facil ity. 

I I I '. , 

All grids were worked inligh:t to inod~rate winds (almost ah~ays ~10 
knots). Between 3 April land 7 May tlh. wind exceeded 15 knots on only 4 days. 
As in 1983 in Kotzebue Sdund, light a~d varia~le winds less than 5 knots were 
our most persistent problem. I 
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Table 25. ProP9rtion of;:t~dentified r;'~ged :s,~al structures that were . 
altered or refrozen on 2 grlds ln Kotzebue Sound, April 1983. 

I 

I' 
I 

! 
Altered t Refrozen 

Grid Struc~ure type n # % # % 
! 
1 

I 
83-1 Breathing hole 63 n/a 8 13 

Simple lair . 83 22 27 11 13 
Complex lair 23 4 17 2 9 
Puppirg 1 air 14 1 7 0 0 . 

t 
Total: 183 27 15 21 '11 

I 
1 

I 
i 

83-2 Breathing hole 19 n/a 4 21 
Simplie lair 11 2 18 4 36 
Complex lair 7 1 11 0 0 
Pupping lair 13 0 0 0 0 

I 
r 

Total' 50 3 6 8 16 
! 

I 
Table 26. Alt~ration of seal. structures along an ice road and in the rest 

of Grid 83-1, Kotzebue Sound, April 1983. 

Altered or refrozen , 
I 
I 

Remainder of grid i Ice road 
I. 
I n # % n # % 
~ 
.' io Breathing hole~ 2 20 53 6 11 
I 
i 

67 68 23 34 Simple lairs , 15 10 
f 
,I 

Complex and pu:pping 
lairs I 4 0 0 33 7 21 

I 

Total 29 12 41 154 36 23 
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Table 27. DescjriPtion of grids searched for seal structures near Cape 
LiSb!"rn., Alaska, April-May 1984. 

Cdd# 

84-1 

84-2 

84-3 

84-4 

84-5 

Dates 
searched 

I 
6-19 Apr' 

! 
, I ' 

17-26 Apr 
I 
I 

I 
I 
J , 

24 Apr- I 
3 May 1 

1 
" ! 

1 
30 Apr-j 
7 May'! 

! 

MaJ 8-12 J, 

Center point 
of gdd 

68°56.6N 
164°34.5W 

69°00.8N 
164°29.1W 

68°58.1N 
164°44.9W 

68°54.5N 
165°01.6W-

68°53.3N 
166°01.5W 

Area 
(km 2 ) 

10.92 

5.32 

, 5.43 

5.56 

3.40 

Distance 
from shore 
, (km) 

3.0 

10.4 

7.4 

3.1 

1.9 

Comments 

Fairlyunifor~ ice conditions 
with one moderate pressure 
ridge (to 4 m high). ' 
Otherwise relief to 1.5 m but 
mostly 0.6-0.9 m. 

Seaward of large pressure 
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. 

Just west of large area of 
flat ice and inshore from 
large pressure/jumble ridge. 
Relief to 2.4 m but mostly 
0.6-1.8 m. . . 

Inshore or large 
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. 

Just offshore from flat shore 
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 
facil tty. 

+ . 
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, \ 

April~early May 1984 was unusua~ y cold in the Cape Lisburne area. Snow 
conditions that were ideal for worki~d the dogs and for maintaining seal lai~s 

_ prevail.ed until. th~· second week. o~ IMay. Daytim.e tempe.ratures ranged from 
-42°C 1n early Aprll to!-2.2°C 1n early May.: Th1S was 1n sharp contrast to 
temperature regimes in liKotzebue SOIU d dUrin;g. spring 1983, where E!xtens ive 
settling of melting snow and c~llaps~ of lairs occurred in late April. 

I 
Search Effort and Biases! 

j 

I f 

The 2 Labradorretr~evers (Clyde and Charlie) ,that were utilized in 1983 
were again used during bur studies lnear Cape Lisburne in 1984. As in 1983 
(see Section D), the results of fi~ld work ,in 1984 indicated that the dogs 
performed in a comparabl:e manner. There were no differences in the types of 
seal structures found by either dog ithin the 5 grids searched (x 2 = 1.21, 
df =' 3, P > 0.05). Simrlarly, there were no significant differences in the 
number of structures found per kilo eter of: search 1 ine by either dog when 
lines were searched forihe first ti~ (Table'28).,· , I I I ' ' . 

Performance of the dogs in d i ff~tent wind cond it ions was not eva "I ua ted in 
1984 since (1) condition~ were relat~~ely constant throughout the study period 
and (2) analysis of 1983. data indicalted no d. ifference in performance of the 
dogs under any conditiont that were !crsidered sati:sfactory for workil!1g. 

In conducting grid searches, it1 1S. difficult to determine what proportion 
. of the structures presen~ are found Ibv the dOgs. For 4 of the 5 grids worked· 

in 1984, we compared li~es that werle I searchep twice by the same or different 
,dogs (Table 29). Of tpe total str~ctures found' on 32 pairs of. repl icate 
"lines, 73% (65%-82% range) were fourrl on the; first search. A few lines were' 
searched more than twice!. On 9 of rise which were run three times leach, 67% 
of the structures (n = ~9) were foun on the.firsfsearch, 23% on thle second, 
and 10% on the third. Three lines I rre run!4 times each: 65% of the total 
structures (n = 17) wer~ found on th first tun, 6% on the second, 1:8% on the 
third, and 12% on the fo~rth. ,I . ' , 

f I, ' 
The efficiency of f~rst-time s~a ches ca~ be derived somewhat differently 

by c:omparing total strucitures found loh grids ,to the number of structures found 
after each major grid li~e was searchbd once. If data from only 1 side of the 
major lines are tabulated, assuminglthat the ~ogs could effectively search the 
entire 400 m between lin'es, the proportion of, total structures detected on the 
first search was 41% (irange. 39%-414%). If, effective strip width was more 
conservatively estimated at 200 m, 1t:Hen it was necessary to search both sides 
of a line (under diffe~ent wind contitionsl in o.'rder to achieve "complete" 
coverage of an area (ile.,to completely cover the area between 2 adjacent 
grid lines, the dogs seArched the l~ t side ~f one and the right side of the 
other). Of the total structures fo~~d, 60% (55%-78% within individual grids) 
had been located after ~ll lines wer~ searched onCe on each side (Table 30) • 
.This is similar to th1e ,65%-67% !d~termined by ,comparing lines th'at were 
searched 3 to 4 times, ~uggesting that 60%-70% may:be a reasonable estimate of 
the proportion of struc~ures detect~d on a once-only search of a 200-m strip. 

It' The procedure we uised to attempt to find all seal structures within a 
grid was to repeat sea;rches of p~irary 1 iries or, to search secondary 1 ines 
until no undiscovered s~ructures were located. 
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, Table 28. 

Grid 

84-1 

84-2 

84-3 

84-4 

55 

" 

:~~~;~;;,.i~' ':, '''~; 

Numb1er of structures found per 1 inear kilometer searched for the 
first time for 4 grids near Cape Lisburne, April-May 1984. ' 

,I, , ' 

I 
'j , 

J 

I 
I 

I 
I 
I 

# km 

15.0 

19.8 

7.2 

17.7 

. ' 

. Cl~de 
# struct struct/km 

17 1.1 

24 1.2 

7 1.0 

28 1.6 

Charlie 
# km # struct struct/km 

24.6 33 1.3 

3.2 4 1.3 

9.7 13 1.3 

0 0 0 

, ' 

• , . . 



Table 29. 

Grid 

84-1 

84-2 

84-3 

84-4 

Total 

Table 30. 

Grid 

84-1 

84-2 

84-3 

84 .. 4 

. I 
i 

,) 

Comparison of the propor ion of structures found on multiple 
searches ofl the same l~n for st~dy g~ids near Cape Lisburne, 
April 1984.

1 

II i 

# of 
lines 

13 

6 

7 

6 

32 

# of I I . 
structur.1es 

. I 

26 

18 

17 

15 

76 

%! 

68! 

82! 

81: 

65i 
~ 
I 
I 

731 

Search 2 
# of 

structures 

12 

4 

4' 

8 

28 

% 

32 

18 

' 19 

35 

27 

Compar:ison of number of structur1es found on first searches of 
primary gr;id lines vs. jtbtal str,Llctures found on all searches 
combined fair 4 grids neaCape L:;sburne, April 1984. , 

ii" ' 

I 
I ! 

Total . ~;rst sea~ch 
all searches 1 sidle 2~ side 
,I ·1- , 

Both 
number pe!rcent 

92 18 54 59 

'36 I 12 28 78 

47 6 26 55 

60 9 33 55 
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Numbers and Distribution of Structures 
, 

The five gri~s searched in 1984 had a total area of 30.6 km2• Within 
those grids, 247 :seal-made structures were found, of which all but 2 were 
identified to type (Figure 8). The average density of structures for all 
gri ds was 8.11 km2!. The area of Gri ds 84-1 through 84-4 was 27.2 km2 and 
within that total! area 235 seal-made structures were found for a density of, 
8.6/km2. Grid 84-15 had a much lower density of 3.5 structure/km2. 

Grid 84-5 w'll not be included in further discussions of density, 
although it will ~e included in discussions of structure composition, fate of 
structures, and pt:edation. That is because Grid 84-5 was located within 3 km 
of the Cape Lisbu~ne dump. Refuse was continuously burned and debris and ash 
were blown over the search grid. ,Additionally, heavy equipment was used to 
haul, trash to the dump and to move it within the dump. Noise, odor, and 
debris (that cont:inuously became incorporated into the changing snow cover) 
may have caused o:r contributed to' the low density of seal structures within 
this grid and/or hindered the dogs in locating structures. In May, when seal~ 
began to bask i~ high numbers, opportunistic observations made from the ' 
helicopter indic~ted that the number of seals hauled out near the Cape, 
Lisburne sitewasllow. 

Composition !Of all structures (N = 247) was 25% breathing 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 tun~els). During the latter part of the 1984 field season, we 
found evidence ofipups in simple lairs. Such simple lairs were not considered 
pupping lairs as ~pparently the young seals were moving about and hauling out 
in these and' othe~ lairs. 

\' 

Simple lairs' occurred in the highest densities, generally followed by 
breathing holes, komplex lairs, and pupping lai~s, in that order (Table 32). 
Overall density of the 3 types of lairs combined was 6.4/km2. , 

Differences i in proportions of the types of sfructures found, as the 
spring season probressed, were also examined. Grids 84-1 to 84-4 w~re sampled 
over a 30-day pe~I'iod from 6 April to 5 May. CompOSition of structures found 
during the early and late halves of this sampling period were compared in two 
ways; as a propo~tion of the sum of each structure type and as a proportion of 
all structures found in each sampling period (Table 33). 

There wasnJ difference in the proportion of pupping lairs found in the 
early or late satnpling periods. The proportion of breathing holes declined 
markedly and the\ proportions' of lairs, other than pupping lairs, increased 
over time. Although the ch~nges observed are not statistically Significant, 
the similarities land differences between sampling periods are consistent with 
the fact that th1e peak period of births is during the early sampling period 
(the number of new pupping lairs found after April 20 is insignificant). 
Explanation of tHe reasons for a decrease in proportion of breathing holes and 
increase in prop4rtion of simple and complex lairs is more speculative. It is 

,our hypothesis that as the main basking period approaches, more ringed seals 
in the fast ice habitat begin haul ing out in lairs, more frequently. They 

.. ~ .: .. 



Grid 84-1 

Grid 84-2 

Grid 84-3 

, Figure 8. 
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Diagrams! of 5 study ,grids near Cape Lisburne showing 'locations 
of seal ktructures 0B ~ breathing hole, H = simple lair, 
C = comp~ex lair, P = pupping lait}.Each block is approximately 

- 400 m onl a side. 
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Tabl e 31. 

Grid 
No. 

84-1 

84.-2 

84-3 

84-4 

84...;5 

Totals 

Table 32. 

Grid 

., 

ft· , s' 
Numbers and proportions of seal-made structures found within 5 
study griids on landfast ice near Cape Lisburne, Alaska, . 
APril-Mal 1984. 

breathing I 
hole . 

. N % 

28 30 

10' 28 

4 

17 

9 

28 

.1 

I 

I 

Structure type 
s impl e· compl ex 
lair lair. 

N % N % 

34 

20 

25 

23 

37 

56 

53 

38 

11 . 12 

4 

6 

10 

11 

13 

17 

3 25 I 5 42 1 8 
I 

62 25 1 107 43 32 13 

I 
1 
I 

pupping 
1 ai r 

N % 

19 

2 

10 

10 

3 

44 

21 

6 

21 

17 

25 

18 

unident. 
N % Total 

0 -0 92 

0 0 36 

2 4 47 

0 0 60 

0 0 12 

2 1 247 

Densitybf seal-made structures found within 4 study grids on 
. landfast ice near Cape Lisburne, Alaska, April-May 1984. 

. Dens i tal of structures {number/km2) 
breathing simple complex pupping all 

59 

No. Area (km2) holes 1 airs lairs lairs structures 

84 .. 1 10.92 2.6 3.1 1.0 1.7 8.4 

84-2 5.32 1.9 3.8 0.8 0.4 6.8 

84-3 5.43 0.7 4.6 1.1 1.8 8.7* 

84-4 5.56 3.1 4.1 1.8 1.8 10.8 

Totals . 27.23 2.2 3.7 1.1 1.5 8.6 
.. 

* Includes conSldLation of 2 structures of an undetermined type, 
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Table 33. Differences: in proportio s of br~athing holes and lairs found 
in ~ studygri~s on l~~dfa~t ice i near Cape Lisburne, Alaska 
durlng 2 sa~pl1ng perlqds 1n 1984: A ,- expressed as a 
proportion of the sum qfl each structure type; B - expressed as 
a proportion of the tota~ number; of structures found in a 
sample perird.*l ~ .. 

I I . 

A. 
I le eriods 

Total 

60 

21 AEr-5Ma~ 
Type of structure . i N % • structures 

Breathing holes 37 22 37 59 

Simple lairs '49 53 52 102 

Complex lairs 13 18 58 31 

Pupping 1 ai rs 21 20 49 41 

B. 

59 Breathing holes 37 'I 

hI 
f ~1 

21 ,11 

22 19 

Simple lairs 49 47 53 102 

18 Complex lairs 16 13 31 

Pupping lairs 20 18 41 

Tota 1 structures: 120 Ira 113 100 233 

. I I 
* Structures on Grid ~4-5, all o~ which were found on or after 8 May, were 

not included in thi;s analysis inlorder t'o keep the duration of sampl ing 
periods and sample fizes compa~able. . . 
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eventually open the lairs and haul out on the snow surface as optimum weather 
prevails. '. In this! process, breathing holes under deeper snow are enlarged, 
lairs are made and eventually the seals haul out on the surface. 

A comparison of distances between structures of different types was made 
for each' grid a~d 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 :Iother structures of any type and pupping lairs were closest 
to other structu~es .. 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 less than for 
complex lairs. ) . . ' , 

Characteri sti cs ofl Snow and Ice at Structures 
I , 

In 1984, all lof the search grids were in a zone of generally homogenous 
. fast ice along a simple coast of northerly exposure between Cape Lisburne and 
the Pitmegea Rive~. Comparisons of ice deformation, surface relief, and snow 
depth among the different grids, which were relatively small and therefore 
reflected localiz~d rather than average conditions, are less app~opriate than 
consideration of ihe combined samples~. . 

. For all gridJ combined, ice deformation and relief were similar for all 
types of lairs, ahd slightly lower for breathing holes (Table 35, Figure 9). 
Snow depths were markedly different. Breathing holes were sited in relatively 
shallo~ snow, pup~ing lairs in deep snow, and sim~le and complex lairs wer~ 
intermediate. Differences in snow depth were not significant for simple and 
complex lairs (t'l = 0.3465, df = 135, P > 0.7). They were significantly 
different in a 3-way comparison of breathing holes, simple and complex lairs 
(combined), and p~pping lairs (F [2, 1521] = 41.396,p < 0.005). The minimum 
depth of snow fO~ the different types of structures was 9 cm' for breathing. 
holes, 20 cm for simple lairs, 37 cm for complex lairs, and 47 cm for pupping 
1 airs. I 
Characteristics of Seal-made Structures 

. Comparisons bf the 'dimensions of all structures ~f similar type. from all 
grids combined sh~wed a progressive increase in size from breathing holes to 
simple lairs to complex lairs to pupping lairs (Table 36). The diameter of 
breathing holes was significantly smaller than the diameter of holes allowing 
access to lairs (t = 8.1664, df = 173, P < 0.001). In paired comparisons 
among the differ~nt kinds of lairs~ the observed mean values for diameter. of 
.access holes werefnot significantly different. 

Length' and .Jidth of. the 3 kinds of' lairs were significantly different. 
(For length, F [2~65] = 48.747, P < 0.005 .and for width, F [ 2, 59] = 26.096, 
p < 0.005.). Co~plex lairs were larger than simple lairs, and pupping lairs 
were 1 arger than both other types. . . 

_ Lair~eight ~as the least 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 compa·risons of those data showed no, 
sign; ficant diffrence between simple and complex 1 a irs ,nor between complex 

j 



Table 34. Distance {m} to the nearest structure of any type, from structures of the indicated type, within 
5 study grids on fast ice near Cape Lisburne, Alaska, in 1984. -

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 1-273 1-463 

-----~- ~-~-- -~-.---~-~- ---- ------~.--- ---- ~---- -----~- ~------~-- --- ----.-----~~-----'--------------~~------- -_._------"------;--- -- -,-------- ------~-------~-----.,--- .~----- ~ 

84-2 Mean 176 244 218 16 151 
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 2-56- 128-- 186 1-04-----,.-_.134---
N 4 25 6 10 - l 
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 94 

--
Range 41-389 '14-255 I4-317 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 

All 1984 Mean 193 138 165 103 129 
grids N 62 107 32 44 76 

~S.D. 118 121 lli 92 W7 
Range 3-572 1-639 1-463 1-306 1-463 

C'\ 
N 

- ---- ------ - ... - - - - - - - - -
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Table 35. G~neral characteristics of ice and snow at and near seal-made structures within all grids on fast 
ice near Cap~ Lisburne, Alaska, in spring 1984. 

T~Ee of structure 
Breathing Simple Complex Pupping 

2a~ameter Stati stic hole lair lair lair 
----:.-----'+-~. 

Ice deformatlon (%) Mean 24.7 30.1 34.2 28.2 
N 62 99 32 50 
S.D. 19.9 17.7 17 .2 17.2 
Range 5-80 5-85 5-75 5-80 -~-

Relief (cm) Mean 57.0 67.1 63.8 71.3 
N 62 99 32 50 
S.D. 40.8 32.3 30.3 38.3 
Range 30-183- 30-183 30-122 30-183 

Snow depth (cm) Mean 35.2 61.9 62.1 77.3 " 
N 61 98 32 49 
S.D. 24.7 20.9 20.6 20.9 
Range 5-150 20-183 37-130 47 -130 :~: 
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Figure 9. Snbw and ice oh racteristics of ringed seal 
onl fast ice nela~ Cape Lisburne in -1984. 
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Table 36. Dimensions of seal-made structures on 5 grids near Cape 
, lisb~rne, 1984. ' 

·1 

TXEe of Structure 
breathing simple complex 

Parameter Statistic hole lair lair 

Diameter of hole (cm) Mean 27.1 40.7 37.6 
N 60 70 22 ' 
S.D. 10.0 11.1 9.0 
Range 3-46 20-76 20-51 

length of lair (cm) Mean 156.2 229.3 
N 104 31 
S.D. 52.6 53.7 
Range 58-427 140-333 

Width of lair (cm) Mean' " - 100.8. 126.1 
N 104 31 
S.D. 24.8 31.7 
Range 33-183 81-224 

Height of lair (cm) Mean 29.7 30.9 
N 93 26 
S.D. 5.8 4.5 
Range 19-45 25-42 
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pupping 
lair 

44.1 
23 

13.8 
25-81 

268.6 
' 43 
80.6 

147-549 

154.0 
43 ' 

51.7 
56-343 

31.9 
38 
5.6 

22:"46 
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and pupping lairs. Howeyer, a COmpif1,iSOn of, the smallest with the largest 
types of lairs (simple vs. pupping lla rs) indicated a significant difference 
(t = 2.0127, df = 129, P f 0.05). " 

Predation 

The frequency and k~ndof pred~ ,or activity around seal structures in 
each of our 5 study grids was quite jvariable (Table 37). For all structures 
(N = 247) in the 5 grids~ polar bear~ marked 22 (9%), exposed or entered 19 
(8%),. and made kills at 1:3 (1%). A~ctic foxes marked 104 (42%), entered 50 
(20%), and made a kill at: 10(4%). Tw~lve kills were made by foxes and bears 
in the total sample of 44 pupping l~il}s; thus, kills occurred at 27% of such 
lairs in spring 1984. i I " , " 

I : 
" It appeared that th~ digging a:n exposing of breathing holes \'/as done 

initially by bears and th'at exposed nolles were subsequently visited by foxes. 
Breathing holes exposed tily the digging of be~rs were only found within Grid 
84-1. . I I '"" 

" Grid 84-1 had the most activity by predators~ This grid was directly 
seaward of a polar bear d~n from which a sow and 2 cubs of the year emerged in 
mid-April. The sow actively hunted: ithin the grid. Of the 92 seal-made 
structures in Grid 84-1,\ po]ar bears marked :19 (21%), opened or entered 16 
(17%), and killed a seal pup at 2 (2%) Arctic fox~s marked 45 (49%), entered 
21 (23%), and killed a se~l pup at 31(3%). The kill sites were only at lairs~ 
mainly pupping l?irs. Ini Grid 84-1, Ik

g
l1llS. (by, b~th foxes and bears) were made 

at 8% of all lalrs or 2~% of the 19; upplnglalrs. Although total predator 
acti"i ty as measured by i the proporti n of structures marked or entl~red was 
greater in Grid 84-1 than! in the other 4 grids" the rate of predation at lairs 
was similar."' "" 

The predation rate i~ Grid 84-1 ( oxes and bea~s combined) was 1 seal pup 
per 2.2 km2• For all grids combined), the kil1 rate was 1 pup per 2.4km2 (or 
0.4 kills/km2, range Ot~ 0.7 kills/Rm). ": " 

We also observed wJlverines (GllO .9.!!!..Q.)' and red foxes on the fast ice 
east of Cape Lisburne du~ing 1984, thdugh they Were not observed on our study 
grids. I I 

I 
( . 

Alteration of Seal Struc~ures 

On the 5 grids sea~ched in 198'4 the status of structures on glrids was 
noted the first time the>, were fou~~las open, altered~ or frozen. The only 
human presence on or near the grl1dS, except for Grl d 84-5 near the Cape 
Lisburne site, was ours; and the durtation of our: activities was rE!latively 
brief. Thus, these data are indicative of 'part of the naturally occurring 
flux in use of structures byseals.1 However, the data reflect only part of 
the dynamic changes in Structure use because we oould only identify changes 
tending toward alteration or freeiirg of a,ctive" or once-active holes and 
lairs. We could not det~ct change qf th~ op~osite type; i.e., ~he opening of 
new or refrozen holes or the constrf,ctl0n and/or reconstructl0n of new or 
previously abandoned la/irs. That Ican only be accomplished by continuous 
searching for and monitoring of struc ures over a period of time. WE! also do 
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Table 37. Kind and frequency of predator activity at ~ubnivea~'seal 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 
AcJivit~ at. brealhing simple complex pupping 

Grid No. Predator structure ·hole rair lair Tair Trrta-ls 

84-1 N 28 34 11 19 92 

Polar bear Marked 5 7 1 6 19 

'Opened/entered 3 7 1 5 16 

Ki 11s i te . 0 0 0 2 2 

Arctic fox Marked 9 14 7 15 45 

Opened/entered 3 5 4 9 21 

Ki 11 site 0 0 0 3 3 

84-2 N 10 20 4 2 36 

Polar bear Marked 0 0 0 0 0 
0 0 

l~' 
'h:t 
"'. ..... :.:. 
,. 

·°1,1 
;1-
.~ 

~t: -
~ ~ 

": ~ ., 

:;i 
't~ Opened/entered 0 0 0 

Ki 11 site 0 0 0 '0 o ·f!;:' 

Arctic fox Marked 0 7 0 1 8 

Opened/entered 0 6 0 0 6 

Kill site 0 0 0 0 0 

84-3 N 4 25 6 10 45 * 
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 

Ki 11 site 0 0 0 4 4 

-Continued-
h. ~ _ ••••• 
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Table 37. Continued~ 

Grid No. Predator 

84-4 

Activity at 
structure 

breathing 
hole 

Kind of structures 
simple compl~x 

. lair lair 
pupping 
lair 

N 17 23 10 10 
Polar bear Marked a 1 a 1 

----'---- -- --~ --- Opene-d1 entered- --- ~O~-- ---- - ----- -- -1~~~ -- --~- ---0- -- ~- ~--~~~-I-- -
Kill site a a a 1 

Arctic fox Marked 2 10 5 7 
Opened/entered a 3 3 5 
Kill site a a a 2 
__ ,-T_·· 

.-~~ ---

84-5 N 3 5 1 3 
Polar bear Marked a a a a 

Open~d/enter~d a a a a 
Kills ite a a .a 0 

Arctic fox Marked a 1 a 1 
.- -~- ,-- Opened/entered a 1 a 0-

Kill site a 1 a a 

Totals 

60 
2 
2 
1 

24 
11 

2 

12 
0 
a 
a --

2 
r -- -I -,- ~, 

1 

* A total of 47 structures were fo.und on this grid; two were unidentified, one of which was marked by a fox. 
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not know how long that scehtwhich is detectable by the dogs persists in an 
abandoned structure. The abandonment rate we measured. reflected only 
structures that hatl frozen recently enough that the dogs could find them. I . . . 

The rates. of abandonment and alteration of the different types of 
structures variedjconsiderably 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'lstatisticall Y val id tests of similarity or difference among. 
grids. 'In general, 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 Fomplete freezing/abandonment of access . holes leading into 
lairs: 18% for simple lairs, 18% for complex lairs, and 53% for pupping 
1 airs. ..\ " 

I . 
For all structure types and all gri ds, 36% of the total structures were 

altered or abandoned (Table 39). Excluding Grid 84-5, for which the sample 
size was only 12,1the proportion of altered structu~es varied from 17% to 36% 
(x = 23%, N = 233). The proportion of ab}ndoned (frozen) structures in Gri.ds 
84-1 through 84-4lranged from 7% to 21% (x = 14%, N = 233).. . 

. Table 40 sho"fs alteration and freezing on the basis of type of structure 
for all grids com~ined. The proportion of altered structures ranged from 0% 
for breathing holes to 38% for complex lairs. Abandonment ·(freezing) of 
structures ranged t from 5% for breathing holes to 30% for pupping lairs •. For 
simple and complex lairs combined (N = 139), 35% were altered and 13% 

. abandoned. For pupping lairs (N = 44), 11% were altered and 30% were 
abandoned. ·Thus,l in comparing simple and .comPlex lairs with pupping lairs, 
the latter tendedjto'be altered less frequently (x 2 = 8.72, df = 1, p < 0.005) 
a~d abandoned (f~ozen).more frequently (x 2 = 6.54, df ~ 1, p < 0.05) than 
slmple and complex lalrs. These data suggest· that rlnged 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 pupping lairs., 

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, all,were found to be abandoned. . 

Althoug~ we ~id not systematically re-examine all structures to determine 
how they may .ha~e 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 w~re first examined to determine whether the hole was open or 
frozen. Grid 841-1 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 'structures had been reopened, but we -coul d determi ne the. 
proportion of orrginally open or altered structures which froze after our 
initial visit •. 0t 11 structures which were frozen the first time we 'examined 
them, all remainetl frozen when they were later checked by probing. Twenty .. two 
additional struct~res were frozen. . . 

, 
• I 



Table 38. 

Grid no. 

84-1 

84-2 

84-3 

84-4 

84-5 

. f. 

I 
f 
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The conditibn of seal-ma,e structures in 5 grids onlandfast ice 
near Cape Lrtsburne, Al~ska, April-May 1984. 

. \ . . t I . '....... 

Type of ; 
structure i 

i 

Breathing holes 
Simple .lai:rs 
Comp 1 ex 1 ali rs 
Pupping la,irs 

i 
Breathing :holes 
S i mpl e 1 a iirs 
Complex lairs '--
Pupping lairs 

I 
Breathing Jholes 
Simpl e 1 a iirs 
Complex lairs 
Pupping lairs 

i 
Breathing jholes 
Simp 1 e 1 a i: rs 
Complex l~irs 
Pupping l~irs 

Breathingjholes 
Simple lairs 
Complex lairs 
Pupping l~irs 

I 
I 
I 
I 

I 
i' 
1 
i 

I I 
I Condition of structures 

I open altered frozen 
N I no. %'no. % no. '~-':%"-

~~ i l~ ~~. 
11 6 55 
19 6 31 

10 9 
20 9 
4 2 
2 2 

4 3 
25 13 
6 2 

10 I 6 

17 .1. 17 

i~ j 1~ 
10 f 9 

3 ! 
5 
1 
3 

3 
3 
1 
3 

I 

90 
45 
50 

100 

75 
52 
3~ 
6q 

100 
61. 
50 
90 

100 
60 

100 
100 

o 
9 
3 
3 

o 
9 
1 
o 

o 
10 
4 
2 

o 
7 
4 
o 

o 
o 
o 
o 

o 
26 
27 
16 

o 
45 
25 
o 

'0 
40 
67 

·20 

o 
30 
40 
o 
o 
o 
o 
o 

1 
6 
2 

10 

1 
2 
1 
o 
1 
2 
o 
2 

o 
2 
1 
1 

o 
2 
o 
o 

4 
18 
18 
53 

10 
10 
25 
o 

25 
8 
o 

20 

o 
9 

10 
10 

o 
40 
o 
o 
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I 
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Table 39. The ~ondition of all seal-made .structures within each of 5 grids 
on landfast ice near Cape Lisburne, Alaska, April-May 1984. 

1 . , 

,I Condition of structures Percent 
Sample . oEen altered frozen altered 

Grid no. size,l no. % no. % no. % or frozen 

I· 

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 10 83 0 0 2 17 17 

Totals 245 158 64 53 22 34 14 36 

Table 40. Condjition of 4 different types of seal-made structures found in 
5 gr,ids on landfast ice near Cape Lisburne, Alaska, April-May 
19a1 

Condition of structures Percent 
Sample oEen a hered frozen altered 

Type of structures size no. % no. % no. % or frozen 
I 

a h"· hl I reat lng 0 es 62 59 95 0 0- 3 5 5 

Simple lairs 107 57 53 36 34 14 13 47 

Complex 1 ai rs -32 16 50 12 38-- 4 12 50 

Pupping 1 airs 44 26 59 5 11 13 30 41 

Totals 245 158 64 53 22 34 14 36 



, , 
; 

; , 

~ 

i 
J 

i 
i, 

. f 

I 
I 
I 
, 

I 
1 . i , 

72 

There was no change lin the statu of anY: of the breathing holes between 
visits; 2 of "22 (9%) w~re frozen on both qccasfons. The greatest change 
betw~en visits was in si;mple lairs.' I Of the :,s~b~am, pl~ ~hichwas chl~cked by 
problng (n = 55), 4 (7%)1 were frozen on the lnltla~ V1S1t and 22 (40%, range 
31%-48% among grids) on the later visit. Thirty-six complex or pupping lairs 
were rechecked. Five (14%) were fr6~en on the initial visit and 9 (25%) on 
the later visit; all of ~hese newlyla~andone~ lairs were on Grid 84-3, which 
also had the highest inciidence of reff,zen simple lairs (48%). For all of the 
rechecked structures comfuined (n = +1 ), the abandonment rate increased from 
11% on, the initial visilt to 29% at er the ;structures had been opl~ned and 
reconstructed and the entire grid wo~ked repe~tedly by snow,machines and dogs. 
This compares to 14% initial abandonment rate ,for all 5 grids combinedl. 

I 'I 
F. Seal Structure Studies- Pack IC~, 1984 

A total of 12 searc~ lines in. ~ Ie weste~~ part of the flaw zone and the 
heavi er pack ice seawardl of the fl a~ zone wete searched between 15 jI,pril and 
13 May. Search lines we1e at distan~ s 6f 27i97 km: off shore (Figure .10). 

Ice conditions in both regionJ of the ~rift ~ ice were highly variable, 
ranging from extensive,1 large, relia ively flat, old floes. to very rough, 
highly deformed floes ,of mostly a~nual sea ice. Be·cause of tlhe great 
variability in habitat that was sear!c ed on, di,ffere,nt days by 2 diffel"ent dogs 
(Charlie and Lil), co~parisons of their! relative performance are not 
appropriate. Hunting range of the Id gs was isometimes restricted by size of 
floes (which were usuall~ surrounded y slus~ ice or water) and their success 
was grea.tly influenced I~y extent anti proximity of ice ridges close to and 
parallellng the searchlrnes. Il. : ;: . 

In. total, 35 km ofjline were se rched and 59 structures (1.7/l'inear km) 
were loca~ed (Table 41)1 •. We attem'pted to open and exa~in~,all stru:tures, 
although lt was not pos'slble to dol so when :they :were wlthln large plles of 
i c~. Of the. 59 structu~es, 33 ~erel tr~athi n$ hol es, 19 were. s i ng~ e:chambered 
(slmpl~). laws,. 2 .we.~epupplng lalrs, ~nd 5: were, Un1d~ntlfled. The 
composltl0nofldentlfled structures (N = 5:4) was 61%, breathlng holes, 35% 
simple lairs, and 4% pu~ping lairs. f the 54 identified structures, 45 (83%) 
were active and unaltere:d, 4 (7.5%)wbre alte:red(access holes into lairs were 
partially refrozen to the size of breathingi holes), 4 (7.5%) were abandoned 
( frozen), and 2 (4%) coull d not be c 1 at s i fi ed ,as open or frozen. 

. .As a c,rude estimat~ of st.ruc, tufe denSit) in the drif~ i.ce, all s;truc~ures 
wlthln 200 m of the search 11nes we e consl:dered. Comblnlng the results of 
all 12 lines, 47 stru~tures werel' ithin ?OO m of lines totaling 35 km, 
resulting in a density estimate of 6.7:, subnivean structures per km 2

• 

Characteristics of the .nowand ice onditions near seal-made structures that 
we examined are indicafed in Table 42. Dimensions of the structures are 
indicated in Table 43. I ' t ; 

In the pack ice,1 there wasi higher probability that some of the 
structures were made or used by I:)e rded seals, 'Eri gnathus barbatus, though 
there were no specific indications ~~at that'was the case. 
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Lol-tions of 12 search 1 lnes on pack ice near Cape Li sburne. 
Al~ska, spring 1984. Small dots indicate starting positions 
o~ each line. Pie diagrams indicate proportions of lairs 
{unshaded} and breathing holes {shaded} found along each 
lilne. Numbers indicate the designation of lines represented 
b~ each circle, and correspOnd to those in Table 41. 
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Results of Jearches ~ortr Tabl e 41. inged seal st~uctures on 
eastcentra 1 [Chukchi Sea, 15 Apr; 1: to 

Line 
Date no. 

Apr. 15 1 

16 2 

16 3 

19 4 

20 5 

29 6 

30 7 

30 8 

. May 9 

2 10 

13 11 

13 12 

The percent of 

! I 
Distance 
from 
shore (km) 

43.3 

26.7 

53.3 

46.5 

32.8 

97.0 

79.3 

87.6 

38.7 

79.5 

71.1 

65.6 

. ! 

·1 
I 

I 
I 
I 
I 
I 
I 
I 

I 

Beginning 
location 

68 57.3; 1671116.3 

68 56.7, 166 50.6 

69 01. 7, 1671' 29.4 

69 00.0, 16~ 19.2 

68 58.1, 16~ 19.8 

6932.1, 1671 ~8.1 

68 52.7, 168 11.1 I . 
68 51.6, 168 23.7 

I I 
68 36.0, 16~. 28.1 

, I 
6909.1, 16j16.5 

69 11.3, 161. ~5.8 

69 "07, 161 160' 

~ . 

I 

Length of 
sea~ch 
1; n~ (km) 

I 
I 

0.8 
I 
~.6 

. 1.0 
I 

~.9 

2.4 

2.9 
I 
I 

~.2 

3.2 
I 
4.8· 

3.2 
I 

3.4 
I 
3.5 
·1 , 

I r . 

'dentmedi .t,"Ct"8' th.t we,e 1.,,10. 

• 

I 
I 

, I 
t 
I 

I 
! 
I 

I 
I 
I 

I 

13 May 1984. 
I 

Number of 
structures 

2 

5 

4 

.9 

4. 

i . 3 

:8 

4 

6 

6 

3 

4 

the pack ice 

" 

Struct~lresl 
1 i near km 

2.5 

1.9 

4.0 

2.3 

1.7 

1.0 

2.5 

1.3 

1.3 

1.9 

0.9 

1 .1 

74 

of 

Perce~t 
lairs 

0 

33 

25 

37 

50 

33 

50 

25 

33 

50 

100 

25 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 



I 
I 
I 
I 
I 
!; 

I 

II 

, 

75 

Table 42. Snow and ice~haracteristics near seal structures in drifting 
ice near Cape Lisburne, Alaska, spring 1984. 

T~Ee of structure 
breathing simple pupping 

Parameter Statistic holes lairs lairs 

I 
I 

Ice iMean (range) 30.6 (O~65) 35.8 (15-60) 20.0 (-) 
deformation N 33 19 2 
(%) , .. S.D. ,. , 19.1 12.4 0.0 

Relief (em) Mean (range) 100.6 (15-244) 100.6 (61-183) 91.4 (-) 
N 18 12 2 
S.D. 59.4 35.1 0.0 

Snow 'Mean (range) 22.1 (0-70) 67.2 (41-100) 82.5 (68-97) 
. depth (em) N 33 17 2 

S.D. 20.6 16.3 20.5 . 

Table 43. D1mlnsions of seal-made structures along search linis in 
dri~tihg ice near Cape Lisburne,·Alaska, spring 1984. 

I .. ' 
. breathing 

T~Ee of structure 
simple pupping 

Parameter Statistic holes lairs lairs 

I 
, 

Diameter Mean (range) 20.4 (2-41) 36.7 (21-58) 39.5 (38-41) 
.of hole (em) N , . 29 15 2 

S.D. 12.8 9.6 2.1 

Length . Mean (range) - 138.9 (79-225) 222.0 (213-231) 
. , 

of 1 ai r (em) N - 17 2 
S.D. . - 44.6 12.7 

i 

Width . Mean (range) - 93.4. (53-163) 95.5 (89-102) 
of lair (em) N - 17 2 

, S. D. - 29.1 9.2 
i .' 

Height Mean ,(range) - 34.7 (18-52) 23:0 (23-23) 
of lair (em) N - 17 2 

i S.D. 9.1 0.0 
I -
J 

. 
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, . 
I (! ) " i In aggregate, 14 26% of the I 93 structures: were marked or opened by 

predators, mainly pOlaribears, whichl were quite selective: 3 of 32 (9%) 
breathing holes were mark1ed (2 by ardtrc foxesl and 1 by a'bear), 9 of 19 (47%) 
simple lairs, were excavated by be~rs, as ~ere both of the pupping lairs 
(100%). None of the lair;s appeared tolhave be,en excavated by foxes. 

,I, I 
G. Comparison of Coastall and Offshor, Seals, 1984 

Sixty-six r.inged se~ls were cJl~ected iin lat:e winter-spring 1984. Of 
those, 20 were obtained lin Norton Sound bet\~een 6: and 15 March and 46 were 
taken in the eastcentral I,ChUkChi- sealnl~ar cape,: Lisbu"rne between 1 April and 13 
May (Figure 11). In both regions, seals were collected in 2 different ice 
habitats: the nearshore ~lead systems and the~offsh~re pack ice., Only 1 seal 
was from, the fast ice n1ear Cape L~sburne, and this habitat remains to be 
adequately sampled. 1: 'i ' 

, The Norton Sound oollection ~a, made !prior: to the birth pelHod and 
i~cluded 4 femal~s thatl had anearr-term fet'U.s. ~dult .females in the ~ape 
Llsburne sample were Itaken after I completlon ,of buth and lactatlOn. 
Difference in time of collection and reproductive ~tatus of mature females no 
doubt magnified the weight differen<tet betwe,en the$e samples. In the Norton 
Sound sample, mean weigh~ of sexuaTl~ mature, :non-p~egriant females (N = 3) was 

'59.6 kg and mean weight of 4pregn nt anin\als was 64.2 kg. In the Cape 
Lisburne sample, 4 females that had Icompletedllact~tion and were beginning to 
molt weighed an average jOf 48.8 kg. No adu~tfeli1ales that had been barren 
during the preceding rep~oductive cycle were qollected near Cape Lisburne. 

. Based o~ our relat1~elYSmalllsamples,:ring~,d seals from Norton Sou~d 
lncluded, a hlgher proportlon of sexualllY mature anlmals of both sexes than dld 
the Cape Lisburne sampl~ (Table 44)~ Sexually mature females made up 35% of 

the N::::~ e:Ou~; 5s::11: t:::a r::r::fj;:u:: °aCh:a~:pe L ~ :::~::e pS::: 1 
: ~e and 

nearshore 1 eadswere gro~ped to compa Ie di ffetencesj in age, 1 engt, h, and wei,9ht 
between: (A) seals from l the lead system and :pack ice within Norton Sound and 
within the region near ICape Lisburine; (8) all seals from the lead! systems 
compared with all seals from the pacikjice; an~ (C) ',iall seals from Norton Sound 
compared with all seals from the Caple Lisburne area: (Table 45). Therl~ were no 
stati sti ca lly s ignifi ca?t . di fferenC s between sampl es ,of seals from the 
nearshore lead systems and the pack! ~ce eitller inl Norton Sound or near Cape 
Lisburne with respect ~o age, length, or weight i (Table 45A). In combined 
samples of all seals from· the lead isystems and an seals from the pack ice, 
there were no sta~isti~.al.1Y SignHI,;~ant differen,ces in age composition or 
length. The heavler ~elght of s~als from the shore lead s~mple was 
significant (Table 45B)~ The differ~nce in ~eigh~ is partially a reflection 
of the higher proportiorl o! adult ~sle.xuallY lma~ur~) seals taken in the lead 
systems of Norton Sound tluY'1ng the p,ehod of !"axlmum seasonal fatness and term 
pregnancy. However, it I;S probablylmore a ~uncti',on of sample distribution, 
since most pack ice sea~s were col~dcted near Cape Lisburne (38 of 46), and 
the mean weight of all seals collef~ed near! Cape' Lisburne was significantly 
less than for Norton Sound sam~les. Seals, from Norton Sound were 
significantly older and larger tha\n those from tbe Cape Lisburne area, at 
least in 1984 (Table 45C). ' : 
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Fi gu,re II. Collection locations of 66 ringed seals 

I coll ected from nearshore leads and pack 
ice near Norton Sound and Cape Lisburne 
in. Ma rch-~1ay 1984. 
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Table 44. Reproductive status of 1i ged se~ls collected in Norton Sound 
and near Ca~e Lisburne in.March-~ay 19a4. Females from Cape 
Lisburne th~t were classi ied as pregnant (n = 4) were 
postpartum. Ii I 

Males 

Sexually mature 

Sexually mature 

Pregnant mature 

Mature females 

. . I 
I t 
I 
I 
I 

I 
i 

f 

I 
I 
I 
I 
I 

i 
(both sexes) . I . 
females 

I females* 
t 

from le~d 

i 

~IJrton SoJnd 
I Ii = 20: 

No. pe~cent 
I ' 

:50 
I 

f 

60 

35 

57 

71 

* Percent is the percbnt of 
I . 

total ~ature female~. 
! 

l 

Cape Lisburne! 
n = 46 

No. percent 

31 67 

13 28 

4 9 

4 

1 25 

I, . 

78 I 
I 
I 
I 
I 
I 
I 
I 
I 
··1 
I 
I 
I 
I· 
I 
I 
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Table 45. 

A. 

Parameter 

Age_(yrs) 
x 
SO 

Length (cm) 
. x 

$0 

Weight (kg) 
x 
SO 

B. 

Age_(yrs) 
x 
SO 

Length (cm) 
x 

. SO 

Weight (kg) 
x 
SO 

C. 

~ge_(yrs) 
x 
SO 

Length (cm) 
x 
SO 

Weight (kg) 
x 
SO 
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Sta ti s ti tal comparisons of ringed seals from Norton Sound and east-
central Chukchi Sea, near Cape Lisburne, collected in March to May 1984. 

I 
r Norton Sound Cape Lisburne 

lead systkm pack ice lead system. pack ice 
n = 121 . n = 8 ANOVA test n = 7 n = 38 ANOVA test 

7.5 7.9 F(1.18)=0.0072 6.3 5.8 F(1.43)=0.1066 
2.8 3.5 NS 4.2 3.7 NS 

114.3 112.6 F(1.18)=0.1565 105.6 106.4 F(1.43)=0.0415 
8.7 10.9 NS 9.6 10.1 NS 

55.8 50.9 F(1.18)=0.6125 39.7 37.8 F(1.43)=0.1648 
13.6 13.7 NS 11.4 11 .1 NS 

Alll 
, 

shore lead (n = 19) All pack ice (n = 46) ANOVA test 

7.2 6.2 NS 
3.3 3.7 

'" ~ .. 
111 .1 107.5 F(1.63)=1.6788 

9.8 10.4 NS 

49.8 40.1 F(1.63)=7.3480 
14.8 12.5 0.005<p<0.01 

I 

All 1 Norton Sound (n = 20) All Cape Lisburne area (n = 46) ANOVA test 
I 

7.8 6.0 F(1.64)=3.838 
3.0 3.7 0.05<p<0.1 , 

113.6 106.6 F(1.64)=7.212 
9.4 . 10.0 . 0.005<p<0.01 

53.8 38.5 F(1.64)=22.643 
13.5 11.3 p<O.OOS 
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.. The stomach contents: of seals c:olected lin the coastal lead system and 
offshore pack ice near Nome and Cafpe Lisburne were compared to dE~termine 
whether there were any j detectab 1 e ,dli fferendes. : Nine sea 1 s collected. in 
coastal leads near Nome h~d eaten prim~rily shrimp and arctic cod (Boreogadus 
saida) (Table 46).' The ~O offshore fpack iceseals l had also eaten primarily 
shrimp and arctic cod and somewhat moJte sculp~ns (Cottidae) than the coastal 
seals. In coastal sample~s, the major shrimp species was Pandalus ~psinotus 
whereas in offshore sampl+s it was Pah alus gorniurus~ . . 

Near Cape Lisburne, ~oastal seal~ also ha~ eate~ mostly shrimp and lesser 
amounts of gammarid amphipods and fish, mostly sculpins (Table 47). Offshore 
seals had eaten primariily shrimp~ and sbme niysids.Arctic cod and 
pricklebacks (Lumpenus spp.) were t lhe mos:t common fishes. Whiile the 
proportions of fish and linvertebrates were s~milar in coastal and offshore 
samples, there were diff~rences in s'pcies composition. The shrimp Pandalus 
gon;urus was important in both. area!s~ but Eualus :gaimardii was present in 
significant amounts only! in t~e of~s~ore sample. ,Similarly, sculpins were 
more numerous near shore and prlcklebaaks occurred ohly off shore • 

. Area-to-area diffe~e~ces were mo~J notable when: compJring t~e pro~ortions 
of lnvertebrates and fls~es. Near Nolne for both samples comblned (n = 19) 
invertebrates (mostly sh~imps) made ~f ~1% of the ~otal volume of contents. 
In the combined Cape Lisburne samplie(n = 42) invertebrates (al so· mostly 
shrimps) made up 94% of Ithe total vio ume of ,contents. The fi shes e~aten by 
both coastal and offshore j Norton Soun~ Iseals were pro imarily arctic cod (80% of 
identified individuals) and some s~ulpins, whereas the samples near Cape 
Lisburne contained similat numbers, 01 arctic c9d, sc~lpins, and pricklebacks. 

The volume of stomac~ contents wPJ similar for coastal andoffshol"e seals 
near Cape Lisburne and co~stal seals lih Norton, Sound. In the offshorE! Norton 
Sound sample where fish made up 66% o~ the volume of contents the mean yolume 
was apprOXimately twice tfuat of the ot~er samples. . . . ' 

Thus, although there! were no s i!gL fi cant: di fferences 'between' sectl s from 
the llead systems. andpacik fce either within ;both ,regions or between the 2 
regi ons, the combined regiiona 1 sampl es were substanti ally different from each 
6ther. i : . 

I 
VII. Discussion and Conclusions 

I 

A. ,Ringed Seals and Sei~mic Activity 
. r 

AerialSurveys,.1981 and 1982 

Aerial· surveys in 19!81' and 1982 ere undertaken primarily in an attempt 
to determine whether on-ice seismic lekploratibn affected .the distribution of 
ringed seals. Comparisdns of resu111s of surveys in both 1981 and 1982 
indicated no overa .. ll difference in dJ1Sity of r.ringeC:! seals near seism'ic lines 
and near adjacent control 1 ines. I In 1981, th:ere was a statistically 
Significant difference inl density ontl of 3 surv~y ?a.ys,whe~ more se4~ls were 
found along control transects. There were no, s 1 gnl fl cant dl fferences on the 
other 2 days •. I~ 1982, ~here was a ~ atisticelly s~gnificant difference on 1 
of 7 days, but the diffe~ence was thel opposite of ,that found in 1981: more 
seals were along the seismic lines. li:omparisbns ot blocks of area, I/Jith and 
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Table 46. Stomach conb~rrts<.'of ringed sealsAc'ollected near Nome, 
6-15 March 1984. 

I Coastal N = 9 Offshore N = 10 I 
Prey item %jV01Ume % number % freq. % volume % number 

Mysid * 33 * 
Gammarid 
amphipod * 22 * 

Shrimp 55 89 34 
Other 

invertebrate * 11 
Total 

invertebrate 55 ' 89 34 
Total fish, 44 89 66 

, Saffron cod 2 22 2 
Arctic cod 89 89 74 
Sculpins 9 44 23 
Pricklebacks 1 

81 

% freq. 

20 

30 
90 

90 
90 
30 
90 , 
60 
10 

::::-::~:::-:~::::::::--------::~;-~-------------------------~::~~:~----
Total # identilied fishes - 79 145 

': I 
* = less than 1% 
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Table 47.' 
I . i. 

Stomach, con:te, nts of ri nge

, 

d seals; co 11 ~cted near Cape Li sburne, 
1 April-15 ~ay 1984. 

'I ' , 
I ' 

koastal n ~ 7 Offshore n = 35 
'%V01Ume

i 
% number I %freq.: % volume % number %freq. Prey item 

M'ys id , 
Gammarid 
amphipod 

Shrimp 
Other 

invertebrate 
Total 

invertebrate 
Total fish 
Saffron cod 
Arctic cod 
Sculpins 
Pricklebacks 
Eelpout 
Smelt 
Other fish 

I 
1 I 

16 1 

62 1 

12 I I 
I 

921 
8 l 

I 

I 

i 

•• i 
I 

7 
7 

83 

3 

71 1 

14 
100 

29 

100 
100 
43 
43 
71 f 

29 J i. 

13 

* 
80 

1 

95 
5 

8 
31 
13 
40 

5 
1 
2 

77 

26 
'100 

7 

100 
94 
34 
69 
51 

9 
6 
3 
9 

r 

::::-::~:::-:~-::::::l:--------~:[J-:~-------------------------~:~~-:~-----
Total #id~ntified fi~hes 591 279 

il 
* = less than 1%. 
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without seismic exploratory ,activity, also indicated no differences in 
density. Based ort 1981 data, mean density of seals in 2 control blocks was 
1.63/nm2, and in Ib10cks where intensive seismic exploration had .occurred, 
density was' 1.62/nm2. Thus, results of both 1ine-by-1ine and block 
comparisons sugges~ that wintef seismic exploration conducted in 1981 and 1982 
had no broad-scale impact, as measured by aerial surveys, on the density of 
ri nged seal s. A~ri a 1 surveys are not, however, well-suited to detecti ng 
small-scale differiencesi n geographically restricted areas, and consequently 
are not, by themselves, adequate for determining the effects of industrial 
activity. To do ~o would require a combination of aerial surveys with on-ice 
studies that moni~or the use of breathing ho1~s and lairs on a finer stale. 
For a further discussion of the effects of industrial activity on the 
distribution and ~bundance of ringed seals as measured by aerial surveys, see 
Frost et al. (1985i' 1987, 1988) and Kelly et al. (1988). 

Sea 1 Structure Stu'di es - Beaufort Sea 1982 
I . 

Our first intensive field season involving study of subnivean structures 
made by ringed seals was undertaken from 5 March to 26 'Mayan fast ice of 
southcentral Beaufrort 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 "1 i near" and were conducted along 1 i nes 
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 lin use by seals. 

Thequestio~ of disturbance to ringed seals resulting from seismic 
exploration and other 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 distutbance become examinations of degrees of difference, in a 
natural setting which is also changing. 

I . 
Slight movem~nts of the fast ice cover along the Beaufort Sea coast can 

open cracks at any time during. the winter. Such movements resul t from strong 
impingement of the drifting ice, tidal surges associated with storms (often at 
some distance fro~ 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 I of the. rate of initiation of new subnivean structures 
throughout the fr;eezing seasons, but this dynamic process was ongoing during 
our study and structures were found along newly formed cracks. 

, , . In the stUd) of the fate of subni vean structures as' conducted in 1982, 
there were, in adtua 1 ity, no II contro 1" 1 i nes, . on 1y 1 i nes along whi ch sei smi c 
activity did not pccur. The so-called control lines were frequently traversed 
by our light snow machines and were within several miles of a shore";based 
construction sit~ at which an artificial gravel island (Seal Island) was being 
built. Kelly et ija1. (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 over50oim 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 I abandonment rate of structures. In that analysis, it was 
necessary to consider potential biases resulting from the way structures were 

f " 
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I 
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examined. Structures were either proDed or opened: by us. We thought that 
probing would be less di~ruptive thalnl excavation. ,However, analysis of the 
data indicated that st~uctures which +ere ~pened sustained no higher incidence 
of abandonment than dld ~hose that we~e slmply probed. In ,both samples, 13% 
of the structures, whether: opened or probed on the first visit, were frozen by 
the second visit. 1 I 

Completely refrozen I holes were considered to indicate irreversible 
abandonment. Once completely frozen, none of the abandoned structures we 
examined were reopened byiseals during the course of our field work. Altered 
structures (partially b19cked lairsiand/or partlally frozen access holes) 
apparently represented either a lesser~response of ~eals to disturbance or a 
natural change in the ~se of strub ,ures. Vnles~ they became completely 
frozen, such altered struttures contin ed to ~e used as breathing holes, and 
in several instances were !reopened anrformal ~se for haul,ing out was r'esuriled. 

The sphere of high noise and vib ation levels from seismic exploration 
per se appears to be 1 im:ite~ torath r closel proximity of the activity (A. 
Blix ~nd J. Le~t!e:, pers+ c?mmun.).l tt is a.lso ~f short duration. Hlowev:r, 
assoclated actlvltles of laYlng out apd clearlng llnes also create substantlal 
noise and occur over a longer duratibn. Our. results suggest that seismic 
ex~l oration' did. n~t r:su1 t in si gni filcantlY great~r abandonment immE!di ately 
adJacent to selsmlC llnes. Abandonmeht occurred·w 16% of seal structures 
within 150 m of seismic l~nes and 5%ibl yond 150 m, compared to 14% within 150 
m of control 1 i nes and 9% beyond 150 m. The~e di fferences WE!re not 
substantially significant~ I ' 

~ f 

Our comparison of the fates of structures it:! relation to times when 
seismic lines were vibrated and distan e from 'seismic lines was an attempt to 
determine" whether the vibroseis equipment itself caused a disturbance that was 
different than that caused by otherl activities. ' There were no apparent 
differences in fates of ~tructures fbJndand ~evisited after lines were laid 
out· but before they were shot and ~ijose found and revi si ted after sei smi c 
lines were shot. "These r~sults suggest that vibroseis equipment. is not a long 
lasting source of disturbfnce.. II' . . . 

Activity associated with the cohstructioti of an artificial island (Seal 
Island) apparently did cause signific~~tly greater abandonment near the island 
than occurred farther awa~. Within.~!m of Seal Island, 60% of the structures 
located by the dogs were frozen, com~ared to' 14% of the structures 2-10 km 
away (x 2 - 6 .• 173, P >'0.925). Unlikte seismic exploratory activity which was 
short 1 ived but sometimes intense, l island constru:ction entailed re'latively 
continuous activity over a 6-8 week period. Apparently this sustained 
~ctivity caused a higher: proportionl of structures: to be abandoned near the 
lsland. ~. i I ~ : 

.. I ' I 
,Overall, data from:this study ido not demonstrate a clear relationship 

between seismic exploratipn and the f~te of ringed seal structures. Specific 
an~ly~es ~f abandonme~t ~elat~ve t~ Is~i~mic a'nd cotitrol.li~es, distance. fr~m 
selsmlC llnes, and tlme iof vlbratlon I dld not clearly lndlcate that selsmlC 
exploration caused increa~ed abandon~ent of se~l structures. However, for the 
entire Beaufort Sea study area in 1982, which included the cumulative noise 
from island construction~heavy equ,p~ent, arid seismic activity, 1a of all 
structures were abandoned. This is t~proximatelY t~iple' the abandonment rate 
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of 4% reported by Kelly et;'~~<1~.A1988 and:.pers~"!J,sommun.} for non-industrialized 
areas of the Beaufort Sea, and double the ab~ndonment rate for our study areas 
in the Bering andjChukchi seas, where no such noise sources were present (see 
section VII 0 for further discussion). Based· on these results, we conclude 
that theaggregat~,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. 
·.1 " '. 

B. Characterist~cs of Structures . 
I'" . 

Composition of Seal Structures, Composite Data - 1982-1984 

The composiJion of all identified structu~es found in this study during 
1982 to 1984 (N 1= 794) was 321 breathing holes (40.4%), 310 simple lairs 
(39.1%), 81 complex lairs (10.2%), and 82 pupping lairs (l0.3%). 

1· .' 
We found €onsiderable variation in the composition of seal-made 

structures in' di~I'ferent areas during different years (Table 48). Lairs of all. 
3 types composed 53%' of the i dent i fi ed structures found on fast ice of the 
Beaufort Sea in 1982, 64% of structures in Kotzebue Sound in 1983, and 75%-of 
structures near dape Lisburne in 1984. 

, The lowestlproportion of lairs (35%) was found during the extensive 
surveys of Febr~ary-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 struciures were found in Norton Sound, of which only.10 (21%) were 
lairs •. This com~a~eswith 72 identified structures in eastern Chukchi Sea, of 
which 30 (42%) w~re lairs. The low proportion of lairs found in Norton Sound 
was attributed tb 3 factors: (l) the extent of recently formed, relatively 
thin fast ice; ~2) 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 between 24 February and 2 March. Extensive surveys of fast ice 
in the eastern C:hukchi Sea were undertaken between 3 and 15 March, closer to 
the onset of pupping. Snow and fast ice conditions were far more favorable .i.n 
the eastern Chukchi Sea. . 

I ,., 
In the eastern Chukchi Sea, surveys of grids on the fast ice and of lines 

~n the pack ice ~ere unde~taken' during the same tim~ period in April and May 
1984. Lairs composed 75% of the 245 identified structures on the fast ice and 
39% of 54 struttures on the pack ice. This difference was significant 
(x 2 = 26.167, dfi = 1, p < 0.001). The difference in proportions of lair types 
in these 2 habit'ats was even more striking; 31% ofal1 structures on the fast 
ice were complek or pupping lairs, compared to 4% on the pack ice (x 2 = 
17.123, df = 1,1 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 hi~her proportion of non-breeding' adults, or both~ Conversely,. 
the significanc~ of fast ice as important habitat for pupping was confirmed. 

Comparison IOf the composition of ringed seal structures in Alaska with 
results of studies in other areas indicates considerable geographic variation 
(Table 49). Pu~ping lairs made up the greatest proportion of total structures 
(20%-25%) in AmLndsen Gulf and the Canadian High Arctic (Smith and Stirl ing 
1978; Smith et ~l. 1978) and on the fast ice-of the cent~al Chukchi Sea (18%). 



Table. 48. Composition of ringed seal structures, 1982-1984.-

Year Months General location 

breathing 
holes 

N No. % 

simple 
1 ai rs 

No. % 

structures 
complex 

1 airs 
No. % 

puppi ng un i d-e-rif ified 
lairs structures 

No. % No. % 

-1982--5 -Ma r-26, May*- --" fast -ice-southcentr-aL----"' - ~--- ----- ---- -- - ---
B~aufort 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 

-------1984- - -3-Apr-15-May---Fa'st-ice-eastcentra'1-.~~ '-"---~-------~ -.~----"-~-~-"'-,----
, CffiIRcifrSea l4"7-62--~ -5 1&7-43 3-e-l-3 4~1-8 2 1 I 

1983 24 Feb-15 Mar Fast ice - extensive 
survey, Norton Sound~ 
Peard Bay - - 119 .- 74' 62 .- -28 - 24 12 - 10 0 0 5 

Pack ice eastcentral 
thukchfSe~ , -, ' "'59 33 56 

_198~15 Apr-13 May - 19. 32 - 0 2 3 5-

* Type of structures mainly determined during latter part of field effort, when they were opened and measured. 

--------- ---.------
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9 

(Xl 
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Table 49. Comppsition o{,-structures made by ringed sealS in different 
parts of thei r range. -. 

j 

Area (source) 

• ,I 
Norton Sound 1983 

,(this study, jcoastal survey) 

Kotzebue Sound 1983 - southern 
(this study, 'coastal survey) 

'Kotzebue Sound 1983 - southern 
(this study, ,grids) 

Kotzebue Sound 1984 
(Kelly et al. 1986) 

Kotzebue Sound 1983 -northern 
(this study, coastal survey) 

. Cape Lisburne fast ice 1984 
(this study,lgrids) 

Cape Lisburne pack ice 1984 
, (this studY)! -

Beaufort Sea 1982 
(this study) I ' 

Beaufort Sea 1983 
(Kelly et al~ 1986) 

I 
Amundsen Gulf [974-75 - Inshore 

t ' . ,- Offshore 
(Smith & Stirling 1978) " 

Canadian High Arctic 1975-76 
(Smith et al. 1978) 

White Sea 1972r 74 
(Lukin & Potelov 1978) 

N 

47 

23 ' 

233 

157 

22 

245 

54 

148 

57 

.42 
35 

353 

647 

Percent 
breathing non-pupping pupping 

holes lairs lairs 

,79 ' 

43 

35 

69 

85 

25 

61 

47 

35 

17 
.11 

23 

77 

21 

57 

53 

28 

15 

57 

35 

45 

61 

59 
69 

52. 

.14 

1 o 
11 

3 

01 

18 

4 

7 

4 

24 
20 

25 

~ Searches cdnducted'before pupping season. ' 
The overal~ incidence of pupping lairs for all parts of the st~dy area, 

including fla~ ice with littl~ snow ~over was 9%. W~thin areas of adequate 
'snow cover and deformation, up to 33% of all structures were pupping lairs. 
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They made up a relatively small pr9~ortion Of the total structures in the 
White Sea (9%), the Beaufort Sea of~ Klaska (4%-7%), and the pack ice in the 
central Chukchi Sea (4%)i (Lukin an9lpo.telov 1978; Kelly et al." 1986; this 
study). In southern Kotzebue Sound, there was a substantial difference 
between the 2 years in wh~ch studies ~ere conducted~ with pupping lairs making 
up 11% of all structures ~n 1983, but bnly 3% in 1984 (Kelly et ale 1986; this 
study). . I Il 
Dimensions of Seal Struct~res, compo~i e Data ~ 198~-1984 
, . During this study, m1easurements Iw~re obtained ;rom 577 structures located 
in fast ice of the Chuk¢hi and Beaufbrt seas (Table 50). It is ch~ar from 
these data that holes used by sealsl only for breathing were considerably 
smal"ler than. those throu1gh which seals hauled out onto the ice (t:: 10.17, 
df = 437, P < 0.001). !As lairsprdgressed from simple haul-out llairs to 
complex and pupping l~irsl, the size qfl'~he access hole increased,.probably due 
to more frequent haullng out by the we~ldent seal(s). Complex lalrs were both 
longer and wider thansl/llple ,lairs ICtt-test, p < 0.001)., Pupping lairs were 
significantly larger tha~ all other'l~irs (p < 0.001) with mean lengths and 
widths over 1.5 times greater than t~o~e of simple lairs. 

Within Al~ska, ther:e was no a~Jarent geographic trend' in the' size of 
lairs from one area to jthe next. ILI~irs of, the same type were Of similar 
length in each of our 3 s,tudy areas lotated on· fast ice. By comparison, lairs 
in Amundsen Gulf in the eastern BeaJf~rt Sea were significantly larger (Smith 

, and Stirling 1975). Simple lairs wer~ more than 20% longer (t = 4.1~0, df = 
389, p < 0.001) and 30%; wider (t =1 $.48, df = 378, p < 0.001) than simple 

, lairs on fast ice in Ala~ka. Pupping ~airs were almost ~O% longer (t = 4.59, 
df = 192, P < 0.001) and '40% wider (71 5.48, df = 191, p < 0.001). , 

The reason for thi~ differenc~ is unclear. Lairs in all ar.~as were 
measured during approximately the ~ me time period. (March through May in 
Alaska and March to mid-June in Amundsen Gulf). It is unlikely that the 
distribution of search ~ffort by da e affected the mean values, since in 
Kotzebue Sound in 1984 we found no significant trend in lair'length by date, 
except for pupping lairs) t 

I t 

Li ttl e i s knownab~ut the re 1 A~i onshi p or interchange of ri nged seal s 
between Amundsen Gulf and ~laska, land whether they come from the same or 
different s toc ks • However, the mean 1 ength of sea 1s that were 10 yea rs or 
older from Amundsen Gulf (n = 498) was 124.7 cm: (Smith 1987} compared to 
114.6 cm for seals of ~imilar agelin Alaska (Frost and Lowry 1981). The 
larger reported lair siz'e in the eas}ern Beaufort may have been because the 
seals that constructed a~d usedthemlwere larger. , ' 

One of the' objec~ives of tij1J studY: in 1984 was to examine any 
differences between sears and seal structures in pack ice and fast ice 
habitats. The sample ofllairs on pab ice frqm the, Cape Lisburne area in 1984 
was quite small (n= 19)J and all ,but 12 were simple lairs. The mean diameters 
were smaller in the pack! ice sample Ithan in fast ice for breathing holes (t = 
3.99, df = 210, P < 0.001) and acces~ holes to simple lairs (t = 2a42, df = 
170, P < 0.02). Althoug~ simple lairl on pack ice'we~e smaller than those on 
fast ice, the difference:was not sighificant (t = 1~89, df = 266, P > 0.1). 
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Table 50. Mean values for di.mens~ons of riflged.s~al structures from fast ice 
h~bitats in Alaska~ 

Parameter 

Diameter 
of hole (cm) 

Length 
of lair (cm) 

Width 
of ' lair (cm) 

Height 
of lair {cm} 

bt1\'ea,t,hi ng holes 

,30.6 

Type of structure 
simple ' , complex 
lairs lairs 

43.4 48.5 

160.3 235.0 

104.5 128.7 

32.1 32.5 

pupping 
lairs 

,52.0 

276.6 

164.0 

33.4 

89 
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The smaller mean diameter of bteathing holes 'found in the pack ice is 

probably mainly due to th~ higher pro~~rtion of such structures in thin ice of 
recently refrozen leads. I Such breat~ing holes tend to be smaller tha.n those 

-made in the much thicker )andfast ic~. Smaller diameter of access holes into 
simple lairs on pack icetnay be partly a function of seal density, with fewer 
seals using any given lair in less crpwded areas. : Data from aerial surveys 
flown near Cape Lisburne lin 1987 indioated that the: density of seals on pack 
ice (0.5/km2) was less t~an half the density on fast ice (1.1/km2) in that 
area (Frost et ale 1988).~ _ I. ' : , . " 

Small, breathing hole's and access holes may al~o indicate that seals in 
pack; ce are smaller thar those in If~st ice.: This could occur if the age 
structure of seals in thel2' habitats liS different. In fact, 72% of the seals 
we collected in the nearshore lead system and pack ice near Cape L isbur'ne were 
immatu. re (young) and therJfore Smaller] Alth04.9h we have no compara.blE! sample 
of seals collected from fast ice, tHe scarci~y of pupping lairs on pack ice 
(0.3 pupping lairs/km2, m~king up onl~ 4% of a~l structures) compared to fast 
ice (1.6/km2 , making up 118% of allitructures) also suggests that the age 
structure was different. I I . I , , _. 

Regional Abundanoe of SeaT Structuresl ' 
I ' 

Data obtained in' tlhiS study p ovide he most accurate information 
available to date on.the!density of rf'nged se'al sttuctures. Earlier studies 
have generally compared relative abun ance i~ different areas based on the 
number of structures found by the dog in a ~pecif~ed amount of time , or by 
the unit of time requiredl,to loca.te S~fJuctures;(e.g.:., Smith and Stirling 1975; 
Smith et ale 1978). Inl some instan es, inVestigators also estimated the 
approximate area searched in ordeir to estimate: the actual density of 
structures. In our studies in 1983 and 1984, searches were laid out in 

. '1'1" surveyed grids of known area in 2 reg:i ns, southern Kotzebue Sound and east of 
Cape Lisburne. The dogs ~ere worked,~~tensively within each area to obtain an 
a<:curate measure of the n~mber of st~uttures. ' The resu1tan~ d~nsi~ies of the 
dlfferent structure type,s can be us~d not only ias an lndlcatlon, of the 
comparative "abundance off ringed sea~ s in d., ifferent g,eOgraPhi c a'reas or 

. habitats, but also to i'dentify are:as of parti cul;ar importance as' puppi ng 

habitat. I ' . I ,'.,. 
The highest density pf structures within :our gridded searches was on the 

fast ice east of Cape Lisburne whereJ~n 1984, the ~ogs located an average of 
8.6, ,structures/km2 (rande 6.8-10.8/lkrh2) in :4 stu,dy grids totalling about 
27 km2• The density 'in southern Kotzibue S04nd wa's somewhat lower, 7.1/km2 
(range 6.8-8.5/km2). I I :: 
, l ,I , 

, For linear searches,i in which the dogs worked ia line only once, density 
estimates we.re also made tby either e~tima.ti ng,' the :stri p wi dth that the dogs 
searched as 200 m and muljtiplying th4t by length of; the line to calculate the 
area searched (used fori coastal se rches tn 1983), or by totalling all 
structures within a cert~indistanceJ(ei.ther; 50 mior 200 m)from the line 
(used!' for the Beaufort Sea in 19821 nd Cape Lisb~rne pack ice seal"ches in 
1984). -Density ~stima~es: de!'ivedin this man:ner are not strictl~ compa~ab~e 
to.thos~ fromgrlds, ~lnce llnes were Isearched onl~ once.Compa~lsons wlthln 
gnds of the proportlon lof structures found on fl:rst and multlple searches 
indicated that the dogs Ifound approximately 60%-70% of the total structures , ' 
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within 200 m of ~he line·~On'(;the~first'·search.;;(see sections 0 and E, Search 
Effort and Biases}. Thus, a correction factor should be applied to densities 
from line searches before they are compared to those from grids. We uS,ed a 
multiplier of 1.5J corresponding to a 65% detection rate on first searches. 

After correc~ion factors were applied, comparison 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/km2), 
and, based on a single 3.7km line with only 9 structures, outer Peard Bay 
(l8.2/km2) (Table' 51). Densities on the fast ice east of Cape Lisburne were 
also quite high. IThe 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 
for the Beaufort 'jsea in 1983 (0.8/km2) and southern Kotzebue Sound in 1984 
(2.5/km2). , ' . , 

" Densities re~orted by Smith and Stirl ing (1975) for inshore and offshore 
areas of Amundsein 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 ~rea with a radius of about 1,000 m or about 3.1km2. Lukin 
and Potelov (1978) reported the highest density of ringed seal structures 
found anywhere. I In Kandalaksha Bay in the White Sea, the density, of 
structures in ic~ 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 
density of total Istructures varied from 8.3/km2 to 12.3/km2 (Table 51). 

Data were available for 2 years in several areas in Alaska. Near Cape 
Lisburne, the co~rected 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 I the Beaufort Sea and a 3-fol d difference in Kotzebue Sound. 
'It is likely that some of this can be attributed to dffferences in technique 
and todifferenc~s 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 Rrobably also a factor, as has be,en reported by other 
investigators. [ukin 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 Is ear ching 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 complicated by changes in search 
technique (Smith et al. 1978; Smith.and Hammill. 1981)., ' 

Regional dVferences in the density of lairs were also substantial, 
ranging from a l~w of 0.6/km2 in the Beaufort Sea ,in 1983 to a high of 6.4/km2, 
east of Cape Lisburne and 12.2/km2 in the small Peard Bay sample. The areas 
with the highest densities of total structures, the northern Bering Sea and 
the Cape Lisburne pack ice, did not have particularly high densities of lairs. 

, Data were aiailable on densities of pupping liiirs for only a few areas of 
Alaska, since the coast-wide survey'in 1983 was conducted prior to the pupping I 
season. As was1thecase 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, 



Table 51. Regional 

Area 

Northern Bering 
Sea- 1983 

Southern Kotzebue 
Sound - 1983 

1984 

Northern Kotze£ue 
Sound! - 1983 

Cape Lisburne 1 
fast ice - 1983 

1984 

pack ice - 19841 

Peard Bay - 1983 

abundance of ringed,sea1 
'f I. I ". I 

: I 

Mean density~Jm2 
all pupping 

1airsl lairs' 

3.6 

4.5 
(4.4-5.3) 
0.7 

1.1 . j 

3.0 
6.4 

(5. 0-7: 7) 
3.5 ' 

12.2 I 

o 

0.8 I 
(0.5-2,.2) 

I 

o 

o 
1.6 

(O. 4-1i. S) 
0.5 I 

Beaufort Sea - 19821 1.9 

o 
0.3 

1983 0.6 

Amundsen Gulf -
inshore 
offshore 

Eastern Arctic 

Centra'i Arcti c 

White Sea 3m-10m 
>10m 

KandalakshaBay 
Solovetski 1s1s 

1.5 

- I 

0.7 , 
(0.4-3.1) 

I 
1.5 I 
9.0 j 

I 
1-

3.2-4.6 

92 I 

structures in Alaska and elsewhere. I 
Ii 
I 
I 
I 
I 
I 

(range) 
all 

structures 

12.8 

7.1 
(6.8-8.5) 
2.5 

6.8 

9.0 
8.6 

(6.8-10.8) 
10.0 

I 

18.2 

3.6 
(3.0-9.6) 
0.8 

1.3 
0.'5 

2.8 
_ (0.8-16.5) 

5.2-7.9 

13.1 
27.0 

8.3-12.3 

Source 

This study -" 
Tables 13 and 14 

This study - Table 18, 

Ke1lyet al. 1986 

This study -
Tables 13 and 14 

This study - Tbls 13, 14 I 
This study - Tbls 31, 32 

This study - Table 41 
, and text' ., ",I 

This study - Tb1s 13, 14 

This study 

Kelly et ale 1986 

Smith & Stirling 1975 
Smith & Stirling 1975 

Smith et al. 1978 

Hammi 11 1987' 

Lukin and Potelov 1978 

Lukin and Potelov 1978 

I 
1 Values have been adjusted upward byla factor of 1.5 based on the assumption that 
dogs find 65% of structures present oni~ single search of a line. 
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ours'and'that of ~elly et al.; '(1986), it,"appears that annual variability in 
ice and snow conditions and,therefore density of structures and suitability 
for pupping is farlgreater in Kotzebue Sound than near Cape lisburne. 

Data from aerial surveys in 1976, 1985, and 1986 also suggest greater 
stability in densi~ies near Cape Lisburne than in Kotzebue Sound,(Frost et al. 
1985, 1987}. 'Density ranged from 1.0 to 1.9 seals/km2 between Cape Lisburne 
and Poi nt Lay, andt from 0.3 to 1. 7 in Kotzebue Sound • In each of the 3 year's, 
ringed seal densities in the Cape Lisburne sector were among the highest in 
Alaska. In contrast, Kotzebue Sound had the lowest observed density in 1976 
and the highe~t i~ 1986. . 

An extrapolaJion of the density of pupping lairs to the estim~ted number 
of pups .born reJn~orces the relative'iinportance of the east~entralChukchi Sea 
aspupplng h~bltalt. Based on 3 years (1985-1987) of aerlal surveys (Frost 
et al. 1985, 1987, 1988), the average area of fast ice between Cape Lisburne 
and Point Lay (se4tor C4) was 2,900 km2. At 1.6 pupping lairslkm2, this area 
would have produced approximately 4,600 ringed seal pups in 1984. By 
co~parison, 8,900jkm2 in the central Beaufort Sea (sectorB3) at 0.3 pupping 
lalrs/km2 would Have produced only 2,670 pups in 1982. These are probably 
overestimates' of ~ctual pup production, especially' near Cape Lisburne, since 
grids were located in areas that appeared tb be good pupping habitat. Our 
data indicated tHat most lairs were located in ice of 10%-40% deformation. 
During aeri a 1 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 categories. ' 

. C. Predation 

. Arctic foxesl and polar bears ar~ nat~ral ~redators ·of ringed, seals (Smith 
1980; Stirling anij McEwan 1975). Polar bears hunt and kill juvenile and adult 
seals year-round jas 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 lairs anr killing, the pups before they can escape to the water. 

Lair studies in 1982-1984 were conducted from March. to May, both before 
and during the pupping period. Our data provide a general indication of 
predator activitY, and the extent of predation on pups during,spring. 

Polar bears~ere present in'abundance on1y on the lines and grids studied 
in the eastern Chukchi Sea in 1984. Although polar bears passed through our 
1982 Beaufort Sea study area on 2 occasions, they did not mark or excavate any 
of the. structure~ we fourid. 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 hunfed for 
several days. 

. During our· 1984 field season arid during the entire winter of 1983-84, 
polar bears werei very abundant along the Chukchi Sea coast. Harvest records 
ob~ained by the U.S. Fi~h and Wildlife Service; reflect that abundance. 
Reported bear ha1rvests. in the regi on between Beri ng Strait and Barrow duri ng 
the time period~ of July 1 to June 30 (the recording year) since 1980 were: 
1980-81 ~ 46; 1981-82 = 62; 1982-83 = 49; 1983-84 = 182 (Dale Taylo~, .pers. 
commun.J. 
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The relative abundante of arcticlloxes, as indicated by tracks,wiis quite 

variable in the different [study areas l• They were ot' low-to-moderate abundance 
on fast ice in the southc~ntral BeaufP, ~t Sea during "spring 1982, almost absent 
in southeast Kotzebue Sound in sprililg 1983, moderately abundant on fast ice 
near Cape Lisburne in sp~ing 1984, ~n occurred in low abundance during the 
time we worked on the pack ice in 19 4. It is common knowledge that arctic 
fox abundance varies in [response to Iregular, changes in abundance of voles 
(Microtus spp.) and lemmings (Lemmus! sibiricus). ~rappers that we talked to 
from Point Hope, Point lay, and WaHlwright,indiCated that foxes were. not 
abundant during the winter of 1983-84~1 '. " ' ' 

Polar bears hunted i seals diff,e ently than did arctic foxes. Bears 
collapsed or pushed in i lairs or ;d~g very large holes which completely 
obliterated the lair, whereas faxes I,~ntered lairs by digging small tunnels. 
Bears sometimes uncover~d breathinb holes as well as lairs. The only 
breathing holes entered Iby foxes hI! small chambers around them and were 
probably in the process of bei.ng enla'rg,ed to lairs. 

There were sUbstanti~l differenJe~ among study areas in the incidence of 
predator activity (Table, 52). On lthe fast ice, the lowest incidence of 
predator activity was in southeasterlh Kotzeb, ue Sound in 1983 wheY'e faxes 
marked only 3% of all structures add entered 5% of all ,lairs. The 'highest 
incidence was in the Cap~ Lisburne ~rla in 19a4, where both arctic foxes and 
pol ar bears were present.: In combinat on, those 2 predators marked 47% of the 
structures found in the :5 study gri:d and entered, 37% of all lairs.. Foxes 
marked more structures, opened more l!a~rs, and; killed more pups than did polar 
bears:' In the Beaufort Sea study area in 1982, foxes were quite active, but 
marked and entered, a sm~ller propo*~on of total structures and la"irs than 
they did near Cape Lisburne. Faxes ere present in relatively low numbers' 
until early April, at which time the~e was a noticeable increase in fox tracks 
and other sign. First iridications that seal ~ups were being born occurred on 
4 April when pup rema ins were found i, n fresh fox fetes. 

i 

Polar bears were th~ predominan:t predator on the pack ice. They marked 
and/or entered more structures than arctic foxes, and the single pup kill 
found in our pack' ice se,arches was made by a polar bear. In Amunds'en Gulf, 
Smith (1976, 1980) also found that m'oSt polar bear ,predation occurred farther 
off shore, whereas fox ac:tivity was gr6atest near shore. ' 

. The total amount of; successful iptedation' on ringed seal pups, e,xpressed 
as the number of kills !per number lof pupping lairs, was low in southeast 
Kotzebue Sound (7%) and high on th~ ¥ast ice of sOuthcentral Beaufort (30%) 
and eastcentral Chukchi C30%) seas. I~ pup was kill~d at 1 of 2 pupping lairs 
found on,. the pack ice. ' Nin~ otherl han-pupping lairs on the pack ice were 
opened wlthout a successful klll. In the Amundsen Gulf area (Smlth 1976), the 
fox predation rate fromi 1972-1974 ~v raged about '26% of all pupping lairs, 
with a range similar to that found ir:t our study (about 9% in 1972, and 34%-40% 
in 1973-1974). ~ ; . ' 

" : I ' 
We compared the number of structures opened or entered to the number of. 

kills, to estimat~ th~ success ~a~es of ,pola~ bears and arctic foxes 
(Table 53). Off Cape Li~burne in 19~4, polar bea~s successfully killed pups 
at 9% of the structures they opened on pack ice, and 16% of those on fast ice. 
Smith (1980) reported si:milar succeSS by bears on' fast ice of Amundlsen Gulf 
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Table 52. Predator rresenCe(nd.predation at-ringed seal structures, 1982-1984. 

All Pupping 
structures Lairs lairs Killsl 

. Year Location Predator N % marked N % entered N % kills km 2 

1982 Beaufort Sea-' 
fast ice arctic fox 157 32.9 78 18.0 10 30.0 

1983 SE Kotzebue 
Sound -

1851 fast ice1 arctic fox 3.0 120 5.0 14 7.1 0.04 . 

1984 Cape Li sburne - arctic fox 247 42.1 183 25.7 44 22.7 . 0.33 
fast ice polar bear 247 8.9 183 8.2 44 6.8 0.10 

. 1984 Cape Li sburne - arctic fox 59 3.4 21 0.0 1 0.0 0.0 
pack ice polar bear 59 17 .0 21 52.4 2 50.0 0.14 . j 

1 Includes only tJse structures on grid 83-1. . " .... 



Table 53. 

Year 

1983 
(n=185) 

1984 
(n=247) 

(n=59) 

1982 
( n=157) 

1971-74 
(n=370) 

1971-75 
(n=676) 

1972-75 

1976 
( n=207) 

1979 
(n=222) 

1984 
(n=90) 

: I 
Proportion of total and succkssful 
that occurred at[pupping lai~~. 

I II 

II 
f1 
1

% of 
t,tal 

I I 

I Is}ruc-
Location Predator !tures 

SE Kotzebue 
Sound- fast 
ice 

Ca pe Li s burne -
fast ice 

pack .ice 

! i I 

I l 
:arctic fox I 

i 

iarcti c fox 
ipol ar bear 
i 
I 

ipolar bear 

,arctic fox 

~ 

I 
I 
I 

I 
I Alaskan 

Beaufort Sea 
fast ice 

- , I 
I 

Amundsen Gulf 
(Smith 1976) 

arctic fox 
:polar bear 
1 ~ 

Canadian Arctic !polar bear t 
(Stirling &: ' 
Archibald 1977); . I 

E. High Arctic ;polar bear I 
. I 

E. High Arctic i polar bear i 
(Smith 1980) i . I 

Southeastern ; pol ar bear r 

Baffin (Smith 
1980) 

Svalbard 
(Lydersen and 
Gjertz 1984) 

I arcti c fox 
i pol ar bear 

, 

8 

18 
18 

3 

7 

32 

1 Number of total struct~res 
I 

unknownl 

I } 

I 
t 
I 

I 

1 

1 
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pr~dation attempts at seal··made structureJ 

Pupping lairs 

% 
of all 

attempts 

20 

38 
32 

9 

43 

53 

36 

71 . 

% of 
kill s 

100 

90 
100 

100 

100 

100 

IImajorityli 

93 

83 
100 

nOfl-

I 
Attempts 
resulting I 

in kills (%) 

I 
pup- pup­
ping ping all I 
o 

3 
Ot 

o 
(I 

o 

8 

17 
a 

100 

47 
50 

50 

50 

50 

29 

47 

38 
25 

20 1 
20 I 
16 

91 
21 

. ··1 
27 1. 20 

I 
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and the High Arctiic (20%) a~d 'somewhat higher sllccess off southeastern Baffin 
Island (33%). St~rling and Archibald (1977) found that bears were successful 
on 6% of attempt~ in the. eastern High Arctic, and 8% of attempts in the 
western Arctic. Kelly et ale {1987} estimated a 75% success rate of polar 
bears at pupping l'airs by following bear tracks and recording kills. 

Arctic foxesj~re successful on about 20% of the attempts documented in 
all of our studies and 27% in those conducted by Smith (1976) in Amundsen 
Gulf. Lydersen a~d Gjertz (1984) reported a somewhat hi gher success rate of 
32% for foxes near Svalbard. In all areas~ almost all kills (83%-100%) were 
made at pupping l~irs. . 

The freqUencJ with which puppi ng 1 airs' were entered was 2-3 times the 
. frequency at which they occurred relative to other structures. It appeared . 

that bears and foxes could either distinguish between structure types before 
di ggi ng, or that 'lthei r search patterns increased the probabil ity that they 
would encounter pypping lairs. Although over half of all predation attempts 
occurred at structures other than pupping' lairs, only an occasional kill was 
made. Approximat~ly half of all attempts at pupping lairs (29%-100%) were 
successful, compa~ed to 0% to 17% at other structures. Bears and foxes were 
apparently simila11YSUCCeSsful in predation attempts on pupping lairs. . . 

The actual rate of predation varied by area and by year, probably 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/km2 in 
southern KotzebuejSound {foxes only} to a hi~h of 0.43 kills/km2 on the fast 
ice near Cape Listiurne (both foxes and bears).· 

j . 
D. Alteration aod Abandonment of Structures 

How varioushctors influence the use of subnivean structures .by ringed 
seals is an important question. The highly variable and dynamic nature of sea 
ice and the overl~ing cover of snow limit the location, number, and kinds of 
structures that seals can make and rna i nta in. The movement of. ice can destroy 
or alter existing structures or it can result in conditions favorable for 
their construction. As an example, landfast ice can break loose and become 
incorporated intd the pack." At lower latitudes pack ice, which is less 
stable, is not a preferred habitat for c'onstruction of complex and pupping 
lairs. Leads in the pack ice . and along the seaward margin of fast ice 
irregularly open and close, alternately destroying existing subnivean 
structures, or cr~atirig conditions favorable for the construction of new ones. 
This is, especially true when leads open and subsequently freeze over, 
providing the opportunity for seals to establish new bre'athing holes. 
Pressure on bothl pack and fast ice results in ridging. This, in turn, 
promotes greater ~ccumulation of snow and allows construction of lairs. That 
process was well 'llustrated bi Smith and Stirling .{1978} and Smith (1987). 

I • 

Ringed seals have adapted in s'everal 'general ways to the variability of 
ice cover. They select certain conditions in which to construct different 
kinds ofstructurtles. They may modify structures as ice and snow conditions 
permit (i.e., the progressive change of a breathing hole to a simple lair and 
then, in some cases, to a complex or pupping lair), or they may abandon 
structures. 

. -, 
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Factors additional to ice dynami s may also result in change of the use 
of structures by seals. 'Social intaraction I among seals may inf1uEmce the 
construction and maintena~ce of diffJr~nt structures. Activities of predators 
can result in modified !patterns of luse by, seals. As examples, the high 
frequency of predation at pupping 1ai~s in the Cape Lisburne area in 1984 was 
no doubt the major cont~ibuting factor to th¢ abandonment of 13 of 44 (30%) 
such structures. Conver~e1y, the iric~dence of predation at pupping lairs in 
southeastern Kotzebue Spund in 1983 was very low and none of 27 such 
structures were abandoned. II " ' 

Human activities maJ also alter'~e use of subnivean structures ~ seals. 
Sources of human-caused disturbance during this study included the noise and 
vibrations resulting frdm seismic exploration and construction of ,:1 gravel 
island in southcentra1 B~aufort Sea during 1982; the noise associated with the 
Cape Lisburne radar facl1ity, airstrip and dump; noise resulting from our 
repeated travel (on snow machines) i in the s:tudy areas; and our 0p,ening of 
structures to inspect an~ measure them. 

Data from the 3yea~s of our st~J were grouped in relation to the degree 
and kind of disturbance :to which seals were exposed as follows: ess;entia11y 
free of anthropogenic 'disturbancet (Group A); disturbance by industrial 
activities (Group B); dijsturbance by investigators (Group C); disturbance by 
predators (Group D). ,: , I .' 

Gr6up A comprises ~tructuresnoti subjected tri anthropogenic disturbance 
prior to being located.) The,' samp1es

f 
include those structures found in the 

pack ice and during initi~l searchei of grids on fast ice near Cape ,Lisburne 
in 1984, excluding Grid: 84-5; the U disturbed, non-ice road portion of the 
Kotzebue Sound grid searches; and th extensive cpasta1 survey of fast ice, 
undertaken in 1983 from Norton sount to Peard Bay. Structures that were 
entered by predators are; not included in these' dat~ sets. Data from Kelly et 
a1. (1988) have also been inc1uded,i ince they are from the same gl~ographic 
areas. Repeated human-caused nois~ was not sign,ificant at the time, these 
structures were located ~nd examined~ 

: I 
I , 

Group B includes first visits to structures in the Beaufort Sea in 1982. 
All search lines were located in areas where they were subjected to some form 
of industrial activity •• The majorit~ of the lines that were searc:hed were 
seismic trails that had bee,n bulld,ozed and prep~red as ice roads on which 
seismic exploration crew5worked, eirtJ.fuer before or during ,our study. Although 
"contro 1" 1 i nes were not traverse~ by sei smi c crews, they were near Seal 
Island, an artificial gravel island hat was' under construction. Structures 
found from the 1982 control 1 ines! ere' previously considered to have been 
relatively free of ant~ropogenic disturbance. After reevaluation, we, and 
others' (cf. Kel1y~ et, al. 1988)1 conclude that they were subjected to 
significant disturbance' over a prolonged time~ Trucking, gravel dumping, 
bulldozing, compacting, ~ce removal; and generator ,noises occurred near and on 
the island. This activilty started In late February/early March, aftler ringed 
seals .wou1d have established te~~i~ories in a~ a~ea ~hat was i~itially 
essentla11y free of human-caused dlStiurbance. ThlS sltuatlon was un11ke that 
on Grid 84-5, which is: also inc1Jd~d in Group S, where moderate activity 
occurred all year. The grid was c)cis~ to the Cape :Lisburne Air Force site and 

'was exposed to noise and vibrations from trucks, airplanes, and bulldozers 
! i 

I 
I 
I 
I 
I 
I 
I 
I 
I 

" .. 1 
I-
I 
I 
-I 
I 
I 
I 
I 
I 



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

.' ;~.~~. -.;:-:- .-'-1: -;;/ ; 
" 

99 

(these were on lana), asw~ff";as 'to smo~e'~a<shV and other wind-blown debris 
from the dump. Se~lsprobab1y had to be tolerant of noise and odors in order 
to initia11yeS~ab'ishterritorie~. ", ' . ' " 

'Group C 1S ~ade up of structures subJected to disturbance, 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 

,structures were ~pened and reconstructed, one pr more' times, by the' 
investigators. Abandonment occurring between the first and last' visits by 
investigators may !have been attributable to disturbance by our activities'. 

,Structures within 200 m of an intensively travelled refrozen lead in Kotzebue 
Sound that was use~ as our transportation corridor for 18 days, and ~hich was 
adjacent to our camp, are also in this group. , 

Group D inc1Jdes structures that were entered by ,predators (foxes and 
bears). At some structures a kill had been made. The Chukchi Sea sample 
inc1udespredator-~ntered structures from Kotzebue and Cape Lisburne grids. 
On one grid, 84-1,!a sow and two cubs had hunted for several days. opening arid 
destroying many lairs. 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 tb predation •. Within Group A. abandonment ranged from 4% to 
11%. The highestl percent of abandoned structures occurred on the Kotzebue 
Sound grids, especially grid 83-2 where 16% of the 50 structures were 
frozen. That gridl 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. . , , I, . ,,' 

Group B, which included structures exposed to seismic exploration. gravel 
island construction and the Cape Lisburne Air Force site and dump, had a 
significantly hig~er rate of abandonment than did the undisturbed structures 
in Group A (x 2 =20!.873, p'< 0.005). Of 147 structures. 11% were abandoned. 
This is almost double the 6% abandonment for GroupA. 

, The highest ibandonment documented in our study occurred in structures 
that were opened ~y 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 
1air'whereasmost tox holes were only 6:-8 inches 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, thel rates of abandonment found on revisits to structures were 
interpreted as un

1
usua11y 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, afterlan unknown number of days cir weeks of disuse, the scent in 
the structure di sSipates and eventually di sappears. The time required for 
this to ,occur i~ probably somewhat variable, depending on temperature, 
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Table 54. Number of structures, examined (ll in relation to the number that were I 
abandoned (n) , groupied according 11.0 the type of disturbances in the 
area. Unless other>!ise noted drr are from this study. I 

Sample 

A. No anthropogenic disturbance 

Chukchi Sea pack ice, 1984 
Cape Lisburne grids, 1984 
Kotzebue Sound grids, 1983 
Kotzebue Sound, 1984 

(Kelly et al., 1988 & pers.: comm.) 
Bedng/Chukchi Coastal Survey~ 1983 
Beaufort Sea, 1983-87 

(Kelly et a1., 1988 & pers.' comm.) 

, , 
B. Subjected to industrhl activity' 

Beaufort Sea, 1982 

t 
Cape Lisburne Grid 84-5, 19841 

C. Disturbed by investigators 

Kotzebue ice road, 1983 
Cape Lisburne revisits, 1984 : 
Beaufort Sea revisits, 1982 ' 

D. Disturbed by predators 

Beaufort Sea, 1982 

Chukchi Sea, 1983-84 

j , 
Dlsturbance 
I I 

I 
i 
I 

I 
I none 
I none 
r ,none 

I none 

I 
none 

none 

I , 

I. sel 
i ~ 1 
~i , 

dump, 

t 

t 

I 

mic surveys, 
nd building 
force sit'e, 
machine noise 

s~owmactii ne traffi c ' 
i nvels~i gator exami nati cins 
i nvefs~i gator examinati ons 

. r " 

st'luctures opened by 
110xes or b~ars : ' 
st~uctures opened by 

I 10xe
, .0' be." 

All structures 
N 

43, 
164 
199 

156 
114 

201 

'TOTAL 877 

134 

11 

'TOTAL 145 

29 
99 

102 

TOTAL 230 

14 

85 

TOTAL 99' 

'1 

3 
10 
21 

8 
4 

7 

53 

15 

16 

6 
22 
13 

41 

4 

25 

29 

( C/o) 

(7) 

(6) 

(11) 

(5) 

(4) 

(4) 

(6) 

( 11) 

( 9) 

( 11) 

(21) 

(22) 

( 13) 

(18 ) 

(29) 

(29) 

(29) 
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humidity and snow condition~: It'is likely, o~er a period of sever~l weeks, 
that such differen~es average out, and consequently, it is probably reasonable 
to compare rates 01 abandonment for samples made up onl~ of first-time vistts •. 

It is more complicated to interpret data on abandonment occurring between 
first and subsequsnt visits. Would those holes have' frozen regardless of 
disturbance by ihvestigators? 'Did they freeze. only' because of the 
investigators? or ~as it some combination of both? Previously, abandonment 
noted on successiv~ visits has been treated 'as additive (Frost & Lowry 1988, 
Kelly et al. 1988). In the Beaufort Sea in 1982, the abandonment rate 
attributed' to i nvelsti gator disturbance was based oncumul ative freezing for 
a 11 vi sits combi ned. Thi s ,was' determi ned by counti ng the number of frozen 
structures at the ~ime of the last revisit as-follows: 19 of 149 structures 
were frozen on thel 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 frozer; the total abandonment was then calculated as 19F (1st 
visit) + 13F (2nd visit) + 5F of 72 (3rd visit) = 37F of 104 = 36%. 
Structures were ~elocated by .marking them with stakes and mapping them 
relative to searcH, 1 ines ,rather than searching for them a second or third 
time with dogs. ~~is meant that the revisit data did not. necessarily measure 
what the dog would have located using scent cues, and therefore may not hav~ 
been comparable tol data obtained from searches by dogs', In retrospect, it is 
possible that on ~ater searches the ,dogs would not have located structures' 
that had beenfoun~ frozen 2-4 weeks earlier. . " I '. ' . , 

In the 1982 Beaufort Sea sample, 11% of structures found for the first 
time were abandone~. Between the first and second visits (most revisits were 
2 or more weeks Ilater) 13% of the originally open. structures froze, and 
between the second and third visits, 7% froze. In both revisit samples, the 
new freezing was~imilar to the rate found on original visits. There 'was no 
difference between structures that were probed, and therefore .di sturbed very 
little, and those I that were opened. It is possible that this new freezing 
represented natural 'changes rather than investigator-induced disturbance. On 
the Cape Lisburnel grids all structures were opened and, since the snow was 
quite deep, some of the excavations were major. Furthermore, since these were 
grid searches, the~e was frequent and repeated snow machine traffic throughout 
the grids. The abandonment rate on second visits to structures on the Cape 
Lisburne grids wafs substantially higher than in the Beaufort Sea. Of 99 
structures that wdre revisited, 22% had frozen since the initial visit (three 
ti~es the rate of ,jfreezing found on first visits). . . ' . 

. It 'sho~ldlbe possible to diffe~e~tiate natural .abandon~ent and 
dl stLirbance-l nduced abandonment by examl n) ng the rate of freezl ng. If 
abandonment was dccurring at a relatively constant natural rate, we would 
expect a linear ilncrease in the number of frozen structures with time. If 
·however, freezing was disturbance-induced, we would expect a marked initial 
increase in. freez~ng, 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.'1 On the 1984 Cape Lisburne grids, all revisits' were made 
within 12 days a'1d most (over 70%) were within the ·first 2-7 days. In the 
Beaufort Sea samp~e, only 2 of 23 (9%) structures revisited within two weeks 
had frozen. In contrast, near Cape Lisburne,3 of 22. (14%) had frozen by the 
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(' I . . , 
third day, and 16 of 76 .21%) by revi its made on or before the seventh day. , I . 
We think this suggests, that a subsltantial part of the abandonment that 
occurred between revisits on the Cape Lisburne gri dswas due to disturbance 
caused by our examinations, whereas thr new freezing in the Beaufort Sea study 
area may have been unr~lated to jnvestiga~ors. This is presumed to be 
attributable to the great care taken rot to unnecessarily disturb structures 
and to the careful reconstructi on :af structures in the Beaufort Sea. In 
add it ion, since the Beaufort Sea sea riches were not gri d searches, there was 
less frequent investigator activity near structures.' . 

In aggregate,the ~~ta in Tabiel5~ demons~rate 'that disturbance, whatever 
the cause, resulted iri increased, abandonment of subnivean ringed seal 
structures. In areas iwith indust~Jial activity, almost twice as many 
structures were abandoned as in areas without industrial activity. The most 
extreme di sturbance, excavati on by pre ators, 'resul ted ina five-fol d increase 
in abandonment. Depending on ~tudYI ethods, investigator disturbance mayor 
may not significantly affiect the abandonment of strl,lctures'by seals. . 

E. Evaluation o~ Meth~Jol09Y~· ' 

The use ~f trained JOgS t6 locate subnivean riAged seal structures allows 
the investigation of several aspec~sl of the winter ecology of ringed seals 
that are otherwise difficult, if not impossible, to study.' Because seal 
structures are covered wiith snow and linvisible from the surface, the!y cannot 
be easily or efficiently located du'ring winter without the use of dogs. In 
late spring, lairs collapse as the shdw melts, and some are opened by seals in 
order to gain acces~ to the snow su~~ace on which they bask in the open. It 
is then possible to s~e holes ~fof the air and, detect them iln ~er~al 
photographs because of the extenslVe meltwater dralnage patterns l"adlatlng 
from them .. However, such observations, at best, allow enumeration and mapping 
of holes, but provide no~information; about structure char~cteristics, pupping, 
or predation. ' I 

By using dogs to search areas in a systematic,fashion, it is possible to 
determine and mak~ geographic comp~r.r· sons. of the dens ity of . structures, the 
types and proportlons of structures, the presence and relatlve abundance of 
pupping lairs, and the incidence of predation by arctic foxes and polar bears. 

I 
l 

Worki ng with and tra i n1ng dogs to search for seal structures requi res 
familiarity with dogs and attentior to detail. Successful sear'ches for 
structures are totally d~pendent on !the performance of the dogs, and while the 
presence of structures 4an be verifi~d by t~e handler, their absence cannot. 
It is essential that the dogs are w;ell cared. for to ensure that sorl~ feet or 
muscles, fatigue, or ~cold temperhtures do. n6t restrict their search 
activities. The traine~ must be su~~ that ~he dog~ are not distracted by fox 
or bear scent. Dogs must be taughtjto contlnue to 'search an area, even though 
a structure has been found, in ordelr to de,tect multiple lairs in the same 
area. The dogs must ibe discbur~ged fro~ merely running to previously 
discovered and marked s~ructures for ~n "easy find~. . 

An experienced dog ~ill indica!e presence of ~ structure by digging right. 
. over the breath i ng hal e ,i whereas a nov ice dog may be off by 1-10 meters. Th is 

must be considered if s~ructures ar. to be probed but not dug into in order to 
determine their status.! The hand~er must be able. to interpret the dog's 
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behavior' in order ;to deterrtllne when it may be"having difficulty in detecHng 
scent, when or if .Iit is running by a structure because it has scented another, 
or when it is not jlOcating structures because it is bored, tired, or otherwise' 
reluctant to work. 

I 
If the resul~s of different studies utilizing dogs are to be compared, it 

is necessary to ~e familiar with the methodology employed in each study. 
While dogs traine~ and reinforced in a similar manner perform similarly, those 
trained for a difierent study objective may search somewhat differently. For 
example, dogs conducting grid searches work closer. to the search line than do 
dogs working one-~ime-only search lines. Dogs may be. taught to search along 
predator tracks, ~o conc~ntrate on ice features (such as pressure ridges) that 
are likely to cohtain structures, or to seek or avoid previously located 
structL!res. 

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 otherwise unable to work. It allows investigators to more 
efficiently utiliie their time, since a single dog will not work ~ell for more 
than 12-18 km oflline, or 6-8 hours per day on a sustained basis. Within 
these limits, a ~og can be worked daily for an extended period of time. 
Depending on the dog, these limits may be exceeded for a few days, but the dog 
must then be res1ted for one or more days in. order not to compromise the 
results. , . 

I 
The use of t~o dogs also allows periodic checks to ensure that both dogs. 

are working efficiently and are finding similar types and numbers of 
structures. If ope 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 performe~ in a comparable manner. Mean and maximum distances from 
the search line lat w~ich the dogs dete?ted stru~t~res and. the number. of 
structures found per kllometer of search llnewere slmllar. The dogs' success 
was similar unde~ different wind speeds and angles to the search line, and 
both dogs found similar proportions of breathing holes and lairs. We also 
found that the tw~ dogs were equally effective in all moderate wind speeds and 
all angles between wind and search lines. Despite, the perception that some 
wi nds were bette~ than others for searches, thi s di d not appear to be the 
case. (See section 02 and E2 for detailed discussion of search biases.) 

In comparing. the results of searches conducted by different methods, such 
as gri d 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. Inl1983 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 1 i nes that were searched twice, we found that 73% of the structures 
were found on thel initial search. However, additi.onal searches detected more 
structures, and overa 11, for 1 i nes searched 3 or 4 times, 65-67% of the 
structures were. found, on the first search. We also calculated the 
effectiveness of .first-time searches 'in 1984 in a somewhat different manner, 
by comparing the total number of,structures found on the first search of all 
lines to the tota~ number of structures found on the grid after all searches. 
Using this method, we determined that 41% of the total structures were found 
on the first sear~h if we assumed the dogs were effective over a 400 m strip, 
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or 60% if we more conser~atively est~ ated a 200 m:strip. In 1983, the mean 
distance of detection was~ 125-150 m. I ~ased on data from bcith years of studies 
it is probably reasonable: to assume that one-time-only searches detect 60%-70% 
of the total structures present within 200 m of the search line. 

• I 
Limitations i r 

While 'searching with dogs is .al ood way to find" subnivean rin~~ed seal 
structures, there may be; problems wh n results of such studies are used to 
assess the effects of anthropogenic I disturbance on the use of structures by 
seals. Comparisons based on firstt~ime searches, such as those comparing 
abandonment rates in disturbed and undisturbed areas, or abandonment relative 
to distance from a noise source, I~re' relatively straight-forward and we 
consider them valid. [However, comparisons of abandonment that utilize 
revisits to structures to measure ch~nge relative to a particular event are 
probably not val id. I1nvestigatod ! can, depending on methodol gy, cause 
"unnatura 1" abandonment of structures between ,the fi rst and subsequent vi sits. 
Furthermore, abandonmen~ rates det:e~mined from revisits to, mapped, marked 
structures, without, the use of a dog, are independent of the scent 
characteristics of. the structures. Illhis makes it possible to return to all 
structures, both open and frozen, wh,ether they retain any odor or not. While 
the dogs clearly can and !do find fro~dn structures, 'odor at a frozen structure 
may dissipate quite rapidly, such th~~ dogs dO not locate structures that have 
been frozen for some, as ;yet unknown~ period of time. 

~ I 
If revisits are made that do not rely on 'dogs,'theymust occur at similar 

int~r~als in both experiment~l and·lcont~olGireas., It is not sufficient to 
reV1s1t only the structures 1n the e~per1mental area and compare abcl'ndonment 
in this sample to the initial abandonment. , The ,control area must also be 
revisited. If dogs are: used to reldcate structures, care must be taken to 
ensure that they, do not follow ;their old tracks or visually relocate 
structures by running toimarker stak~S. ' , 

! I I 
We recommend that :future studi ~s intended to measure the effects of 

anthropogenic disturbanc~ on the US~JOf subnivean structures by rin~led seals 
should be based primarily on first I vlisits to structures. Studies should be 
designed to minimize ambiguity intro~uced by investigator disturbance, unequal 
e!f?rt in experimental ,and controll ~reas, ~mall sample sizes, or multiple 
V1 S1 ts to structures. Ideally, careii1ull Y pl anned searches by dogs shoul d be 
combined with radio-tag~i~g of seal~ and instrumentation of lairs to provide 
direct data on use of lairs and resp:o se of seals fo disturbance. . . i i .. . 
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