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Abstract 

The effects of on-ice industrial noises 
on ringed seals (Phoca hisnida) were 
investigated to determine the extent to 
which such disturbance increases the rates 
at which seals abandon breathing holes and 
lairs. In the spring of 1982, breathing holes 
and lairs were abandoned three times as 
often within 150 m of recent seismic survey 
lines as were structures at greater distances 
from the same lines. Subnivean structures 
were abandoned at equal rates within and 
beyond 150 m of control lines. Aerial 
surveys of ringed seals conducted in the 
Beaufort Sea in 1981 and 1982, however, 
showed no consistent differences in the 
density of baskinii seals in transects 
centered over seismic survey lines and in 
intervening transects. 

The rate of abandonment of subnivean 
seal structures was compared over six years. 
In undisturbed areas, the abandonment rate 
was 4.0% in shore-fast ice and 12.9% in 
drifting ice. Among seal structures 
subjected to industrial noise in the shore-fast 
ice, the rate was 13.5%, and with the 
addition of repeated examinations of 
structures by investigators the rate was 
32.5%. 

This is a reviewed and edited version of a paper presented 
at the lVinth International Conference on Port and Ocean 
Engineering Under Arctic Conditions, Fairbanks, Alaska, 
USA, August 17-22, 1987. ::0 The Geophysical Institute, 
Unive,.sity of Alaska, 1987. 

Radio-tagged seals departed their lairs 
in response to snow machines within 2.8 km, 
human footfalls as far away as 600 m, a skier 
as far away as 400 m, and in response to a 
helicopter flying 5 km from the lair at an 
altitude of 152 m, and during helicopter 
landings or takeoffs as far away as 3 km. 

Ringed seala abandon breathing holes 
and lairs in response to naturally occurring 
conditions such as minimal snow cover, 
shifting ice, and the activities of predators. 
They abandon those sites at higher rates in 
response to anthropogenic noises. Seals 
would be most adversely affected by noise 
disturbance in late March through June 
when the amount of time they spend out of 
the water is increasing and movements, 
especially of females and their dependent 
young, are limited to small areas. 

Introduction 

Potential effects on marine mammals 
of anthropogenic noises include physical 
harm from extremely loud noises, 
interference with vocal communication, 
increased levels of stress, and displacement
from local areas (Rausch 1973; Geraci and 
St. Aubin 1980; Schusterman and Moore 
1980; Norris 1981; Stewart 1981; Ronald and 
Dougan 1982; '.1.iansfield 1983; Kelly et al. 
1986). Displacement has the most potential 
for widespread and long-term effects and has 
been a focus of our investigations. Ringed 
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seals (Phoca hispida) are the most adapted of 
northernpinn1peds to inhabiting thick, 
relatively stable sea ice, and their ability to 
maintain holes through the ice permits them 
to occupy areas of complete ice cover year­
round. That adaptation allows ringed seals 
to exploit resources from which other 
pinnipeds are largely excluded during 
winter, but it also makes them more 
vulnerable to predation by polar bears 
(Ursua maritimus) and arctic foxes (Alopex 
lagopus). Mortality of ringed seal pups can 
be subStantial due to that predation (Smith 
1976; Smith 1987; Kelly et al. 1987). 
Occupation of areas of extensive ice cover, 
especially shore-fast ice, also makes rine-ed 
seals more vulnerable to human activities; 
for thousands of years the species was a 
major resource for coastal Eskimos and it 
remains important in modern Eskimo 
culture and economy (Hall 1866; Boas 1888; 
Stefansson 1913; Manning 1944; McLaren 
1958a; Cox and Spiess 1980; Wenzel 1984; 
Smith 1987). In recent times, petroleum 
exploration and development activities have 
taken place in ringed seal habitat. Gravel 
island construction and exploration for oil 
using seismic profiling have overlapped
spatially and temporally with ringed seal 
whelping and breeding areas. Both gravel 
island construction and seismic profiling 
involve operating heavy trucks and 
bulldozers on the shore-fast ice. Seismic 
profiling further entails imparting 
substantial amounts of low frequency sound 
energy into the oceanic crust (and 
incidentally the water column and overlying 
ice) and recording the reflected signals. 

Concern about the effects of 
disturbance in Alaskan waters was first 
expressed by suhsistence hunters on the 
Seward Peninsula. They reported decreased 
harvests of ringed seals in an area subjected 
to offshore gold exploration in the 1960's 
(Bums and Kelly 1982). More recently, 
seismic profiling during oil exploration has 
presented a greater potential for disturbance 
since it involves considerable noise energy 
and affects extensive areas. Explosives were 
the main signal sources until their offshore 
use was banned in 1977 by an 
Administrative Order of the Alaska 
Department of Natural Resources. 
Subsequently, "air guns," "water guns," and 
Vibroseis machines have been used to 
generate source signals. 

When we began this study in 1981, the 
only data available with which to examine 
the hunters' suggestion that ringed seals 

were displaced by noise disturbances were 
the results of aerial surveys conducted 
between 1970 and 1977 (Burns and Harbo 
1972; Burns and Eley 1978). In those 
surveys, lower densities of seals were 
observed in the vicinity of coastal 
settlements than in adjacent near-shore 
areas. They believed that those differences 
were greater than could be accounted for by 
removal of seals, since hunting of ringed 
seals was greatly reduced compared to 
earlier times. They speculated that human 
activity, especially snow machine travel, 
was displacing seals from those areas. 
Examination of the aerial data from the 
Beaufort Sea for indications of differences in 
seal densities inside and outside of areas 
affected by seismic exploration has yielded 
conflicting results. Burns and Harbo (1972) 
reported similar densities of seals in both 
areas during the 1970 survey, but Burns et 
al. (1981) re-examined the data from 1975­
1977 and concluded that densities of seals in 
"seismic" areas were consistently lower than 
in undisturbed areas. None of those surveys 
were designed to test for indications of 
displacement, however, and the 
retrospective partitioning of the data into 
disturbed and undisturbed areas was 
unsatiafactory. 

For the present study, we combined on­
ice surveys of subnivean seal structures 
(breathing holes and lairs) using trained 
Labrador retrievers, aerial surveys of 
basking seals, and radio telemetry to 
quantify the reactions of ringed seals to 
seismic profilin:g that employed the 
Vibroseis method and to other 
anthropogenic noises. Our objectives were to 
(1) determine the effect of seismic profiling 
activities on ringed seal distribution, (2) 
determine the behavioral resronses of 
ringed seals occupying airs to 
anthropogenic noise, (3) compare the rates of 
abandonment of subnivean structures in 
disturbed and undisturbed areas, and (4) 
assess the significance of abandonment of 
subnivean structures in terms of the 
numbers and distribution of alternative 
structures available to individual seals. Our 
primary measures of disturbance were the 
relative densities of basking seals along and 
immediately adjacent to seismic "shot lines," 
the rate of abandonment of subnivean 
structures as a function of distance from 
seismic lines, and changes in haulout 
frequency and duration in areas subjected to 
seismic profiling. Rates of short-term and 
long-term displacement resulting from noise 
disturbance were assessed relative to 
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natural rates established using surveys and 
telemetric studies conducted between 1981 
and 1987. 

Methods 

Aerial surveys 

Aerial surveys were conducted along 
the Beaufort Sea coast of Alaska (Figure 1) 
between 2 and 9 June 1981 and between 25 
May and 4 June 1982. The 1981 surveys 
were conducted from a twin engine fixed­
wing aircraft (Grumman Goose) equipped 
with a Global Navigation System (GNS). A 
Bell 204 helicopter, also with GNS, was used 
for the 1982 surveys. Two observers counted 
all seals visible within 0.5 nm of each side of 
the aircraft while flying at an altitude of 
500 ft. 

Between 2 and 9 June 1981, we 
surveyed 2,880 nm of transect lines divided 
into three groups; those parallel to the coast 
between Smith Bay (70°55'N, 154°20'W) and 
Barter Island (70°08'N, 143°40'W), those 
centered over seismic lines that had been 
surveyed during the previous few months. 
and control lines centered between those 
seismic line transects. In 1982, we 
conducted aerial surveys between 25 May 
and 4 June. The total length of those 
transects was 1,083 nm, again divided into 
those along seismic trails, those along 
control transects, and a series duplicating 
some of the transects surveyed in June 1981. 

Subnivean seal structure surveys 

Trained Labrador retrievers were used 
to find seal-made structures (subnivean lairs 
and breathing holes) in IO surveys between 

1ro• 

1, 

I dl! .~ 
I .,,,,.... • 

'· .I.... , 

120° 

/ 

\ 

\ 
0 ""' 200 = 

150•170• !4 

Figure 1. Map of Alaska showing locations mentioned in text. 
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1982 and 1987. The method was similar to 
the way Eskimo hunters used sled dogs to 
locate seal holes (Hall 1866). Canadian 
workers adapted the method for biological 
sampling (Smith and Stirling 1975) and one 
of ua (BPK) learned the method from them 
in 1981. The dogs ran in front of a snow 
macl>ine at the direction of the dog handler. 
When they detected seal odor, they followed 
the scent to its source and indicated the 
location of the seal structure by digging in 
the snow above it. Generally, the dogs were 
directed to run perpendicular to the wind 
direction to maximize the area of detection. 

The searchJattern varied depending 
on the objectives work duringthedifferent 
field efforts. The dogs generally searched 
either along lines established by heavy
equipment and snow machines or at random 
within pre-selected areas, usually near field 
camps or stations established to monitor 
radio-tagged seals. An exception was in a 
drift ice survey in 1987 when the dogs 
searcl>ed along tracks ofpolar bears. 

Seal structure surveys in 1982 were 
limited to the shore-fast ice of the Beaufort 
Sea, primarily in the vicinity of Reindeer 
Island and Seal Island, a man-made gravel 
island (Figure 2). In that effort, searches 
were primarily along seiamic lines or control 
lines delineated by snow machine tracks. 
Surveys in 1983 were conducted again in the 
Reindeer Island area and at numerous 
shore-fast ice locations from Norton Sound 
in the Bering Sea north to Point Barrow in 
the Chukchi Sea (Figure 1). In 1984, shore­
fast ice was surveyed in Kotzebue Sound and 
drifting ice was surveyed elsewhere in the 
Chukchi Sea. Shore-fast ice was surveyed in 
the vicinity of Point Barrow in 1985, 1986, 
and 1987. The 1987 surveys also included 
efforts in the Beaufort Sea east of Point 
Barrow; on shore-fast ice between the man­
made gravel island, Tern Island (70°17'N, 
147°28'W) and Narwhal Island (70°24'N, 
147°30'W) and at several locations in 
drifting ice. 

At a minimum, each structure was 
probed with an aluminum rod, 1 cm in 
diameter. Most structures were partially 
uncovered to permit examination and 
measurements after which they were 
carefully re-covered. When examined, 
structures were classified as breathing 
holes, simple resting lairs, multi-chambered 
lairs, or birth lairs, and notations were made 
of the dimensions, physical setting, and 
indications of predator activity. The status 

of each structure was recorded as open, if 
the hole through the ice was maintained by 
the seal to its maximal diameter; frozen, if 
the entire hole was refrozen; or, in the case of 
lairs as altered, if access to the lair was 
obstructed by partial freezing of the access 
hole or by a collapsing ceiling. Structures 
that were classified as frozen were 
considered to have been abandoned by the 
seals. 

In most instances, structures were 
examined when first located. In 1982, 
however, many structures were probed when 
first located, but they were not examined 
further until a subsequent revisit. In that 
year, approximately 72% of the structures 
were visited two or more times. 

The examination of a structure was 
considered to constitute a disturbance, thus 
all examinations subsequent to the initial 
one were of structures previously exposed to 
anthropogenic disturbance and were 
categorized as such. 

Monitoring ofhaulout activity 

Fourteen ringed seals were live­
captured at breathing holes in the shore-fast 
ice; three in the Beaufort Sea in 1982, siz in 
the Beaufort Sea in 1983, and five in 
Kotzebue Sound in 1984 (Kelly et al. 1986). 
The weight, sex, and minimal age, as 
determined by claw annuli (McLaren 
1958b), of each seal was recorded. VHF 
radio tranamitters were glued to the pelage 
of the dorsum, midway between the base of 
the tail and the region of maximal girth, 
before eacl> seal was released at its capture 
site. 

The unique frequency of each deployed 
tranamitter was monitored from a nearby 
camp every half-hour in 1982 and every hour 
in 1983 and 1984 for up to 2.5 months 
between March and early June. Signals 
could be received only when the transmitters 
were above the ice surface, thus indicating 
that the seals were out of the water. 
Haulout bouts of 13 of the radio-tagged seals 
were monitored after their release; no 
signals were received from one of the seals 
tagged in 1983. Whenever feasible, the 
exact location of the signal sources, 
indicating the location of lairs or other 
haulout sites, was determined. Those 
determinations were accomplished by skiing 
or walking around the signal source while 
monitoring the signal with a hand-held, 
directional antenna. 
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Figure 2. Subnivean structures used by radio-tagged ringed seals and seismic survey lines in 
1982 (north of Reindeer Island) and 1983 (south ofReindeer Island). (After Kelly et al. 1986.) 

When radio-tagged seals were in their 
lairs and subjected to anthropogenic sounds, 
notations were made of their behavioral 
responses (departed or remained in lair). In 
April 1983, a simulated seismic survey was 
conducted near Reindeer Island in an area 
occupied by radio-tag~ed seals. The survey 
conSisted offour seiSIDlc lines; A, B, C, and D 
depicted in Figure 2. Four machines 
travelled over each seismic line. A drill 
truck used a power auger to bore holes 
through the ice, generally every 67 m along 
the survey lines. A bulldozer (06 
Caterpillar) then leveled the ice along the 
survey lines. Every 67 m, the ice surface 
was vibrated ten times in 16 second sweeps 
from 10 to 70 Hz by a Vibroseis machine. A 
fuel truck followed at the end of the convoy. 
Lines A and B were vibrated on 21 April, 
lines C and D were vibrated on 22 April, and 
line A was vibrated a second time on 27 
April. Additionally, the behavioral 
responses of seals in lairs to the sounds of 

helicopters, snow machines and other 
equipment operating on the ice, and people 
walking or skiin~ on the ice were 
documented opportun1stically. 

Results 

Aerial surveys 

Results of our aerial surveys were 
conflicting with regard to the effects of 
seismic survey activities on seal 
distribution. In 1981, we observed an 
average of 1.3-1.4 ringed seals per nm2 on 
the shore-fast ice between Point Barrow 
(71 '23.2'N, 156'27.2'W) and Oliktok Point 
(70'30.0'N, 149'52.6'W) and an average of 
1.1 ringed seals per nm2 between Oliktok 
Point and Barter Island (70'08.l'N, 
142'24. 7'W), similar to the densities 
observed in four surveys conducted between 
1970 and 1978 (Burns et al. 1981). 
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The observed densities of basking seals 
along seismic lines and intermediate control 
lines on three days are shown in Table 1. 
Densities along the two sets of lines differed 
significantly only on 3 June when densities 
along the seiSIJllc lines were 58% of those 
along control lines. 

Concentrations of seals basking along 
newly opened cracks (as opposed to at 
breathing holes) appeared unexpectedly 
early in June 1981 and increased from 13.9% 
of all seals sighted on 4 June to 16.5% on 
7 June and 22.8% on 8 June. The indication 
was that seals were leaving breathing holes 
and lairs maintained through the winter in 
favor of haulout sites along newly opened 
cracks. Therefore, we suspected that the 5 
and 9 June surveys were less representative 
of the early spring distribution of seals than 
was the 3 June survey. Thus, in 1982, we 
scheduled aerial surveys to begin in late 
May in the hope of obtaining relative 
densities that were more representative of 
early spring distribution. 

A replicated surver track from Cape 
Halkett (70'48'N, 152 11 'WJ to a point 
offshore of Prudhoe Bay yielded 1.28 seals 
per nm2 in 1981 and 1.84 seals per nm2 in 
1982, not a significant difference (t = 1.03, 
df = 32, p > 0.10). The 1982 effort also 
included eight flights in which a series of 
seismic and control lines were surveyed 
(Table 2). Observed densities along seismic 
and control lines did not differ significantly, 
except on 26 May when more seals (1.00 per 
nm2) were observed along seismic lines than 
along control lines (0.48 seals per nm2) (t = 
2.24, df = 13, p < 0.05). 

Responsea of seals to anthropogenic noises 

Haulout bouts of the radio-tagged 
ringed seals were monitored for 3 to 10 

weeks (Table 3), and we documented the 
behavioral responses of seals that were 
hauled out in lairs when exposed to a variety 
of anthropogenic noises. Single observations 
were obtained during the approach of a 
seismic convoy, a hovercraft, and a dog. A 
seal (GI83) departed his lair when a seismic 
convoy was 0.64 km away. On another 
occasion, the same seal departed his lair 
when a dog approached within 5 m of the 
lair. Another seal (SA82) remained in her 
lair when a hovercraft passed at a distance of 
2.5km. 

Responses of seals to helicopter noise 
was variable. Responses to helicopters 
landing and taking off (i.e., when the 
helicopters were applying maximal power 
and lift close to the surface) were noted six 
times. On two occasions, at distances of 1.0 
and 3.0 km, the seal departed. On four 
occasions, all at distances greater than 
2.5 km, the seals remained in their lairs. 
Seals departed lairs in five of 14 cases in 
response to airborne helicopters. In one 
case, the helicopter was directly over the lair 
at an altitude of 152 m, and in another case 
it was 5 km away at that same altitude when 
the seal departed. The closeat approaches of 
airborne helicopters that were tolerated by 
seals in lairs were 0.6 km at an altitude of 
122 m and directly overhead at an altitude of 
762m. 

Nine observations of the seals' 
responses to operating snow machines were 
obtained. One seal remained in its lair on 
two occasions when snow machines were 
operating 0.5 km distant. Three other seals 
departed on seven occasions when snow 
machines passed within 0.5 to 2.8 km of 
their lairs. 

Twenty-one approaches of peo11le
walking on ice in the vicinity of occupied 

Table 1. Ringed seal densities observed along adjacent seismic and control transects during 
aerial surveys in 1981. 

Seismic Transects Control Transects 


Density Length Density Length 

Date (seals/nm2) (nm) (seal..inm2) (nm) TTest 

3June 0.82 47.6 1.41 41.2 p<0.05 
5June 1.37 81.8 1.70 48.2 p>0.10 
9June 1.12 130.0 0.89 91.0 p >0.10 
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Table 2. Ringed seal densities observed along adjacent seismic and control transects during 
aerial surveys in 1982. 

Seismic Transects Control Transects 


Density Length Density Length 

Date (seals/nm2) (nm) (seals/nm2) (nm) TTest 

26May 1.00 83.7 0.48 71.4 p<0.05 
29May 0.41 48.9 0.76 52.3 p>0.10 
30May 1.38 55.1 0.48 16.8 p>0.10 
31May 1.27 15.8 1.29 29.5 p>0.10 
31May 1.16 13.8 1.41 14.2 p>0.10 
lJune 1.97 50.8 1.99 56.3 p>0.10 
3June 1.62 40.7 2.14 103.7 p>0.10 
4June 1.69 37.8 1.69 11.8 p>0.10 

lairs were noted. In nine cases, the seals 
remained in the lairs, including four cases in 
which the people approached to within 
0.2 km. In 12 cases where the seals 
responded by departing, people were 
walking 0.1 to 0.6 km from the lairs. In each 
of four cases in which a person walked 
within 0.1 km, the seal departed from its 
lair. 

People on skis approached lairs 26 
times. Seals remained in lairs during five of 

six approaches by skiers to within 0.2 km. 
Four departures were observed, one at 
0.2 km, two at 0.3 km, and one at 0.4 km. 

In all instances in which seals departed 
lairs in response to noise disturbance, they 
subsequently reoccupied the lair. The 
breathing holes and lairs known to have 
been used by the three female seals radio­
tagged in 1982 (SA82, BA82, BE82) were 
within an extensive grid of seismic lines that 
had been vibrated a few weeks before the 

Table 3. Ringed seals radio-tagged in the Beaufort Sea and Kotzebue Sound. (After Kelly et al. 
1986.) 

Age(yrs) First Last Known 
Seal indicated Weight Date signal signal minimal 
no. Sex by claws (kg) tagged received received no. oflairs 

BA-82 F 2 -46 4/17/82 4/19/82 6/04/82 2 
SA-82 F 5 -68 4/22/82 4/23/82 6/03/82 1 
BE-82 F 1 -40 4125/82 4/26/82 6/04182 1 
TI-83 M 8 -135 3/22183 4109/83 6102/83 3 
GI-83 M 8 -110 3/23/83 3/24/83 4126183 2 
DQ-83 M 8 68 3130183 4/11183 5119183 2 
BR-83 M 7 68 3131183 
J0-83 M 8 73 3131183 4123/83 5120/83 1 
LR-83 F 7 60 5/08183 5/09183 6104/83 4 
LK-84 F 5 77 3104184 3/07/84 5/11/84 3 
LU-84 F 5 73 3104184 3/07184 4124/84 2 
HU-84 M 5 68 3105184 3/06184 4/19/84 3 
Z0-84 M 7 72 3113/84 3/15/84 5/14184 1 
NA-84 M 7 -77 3/26/84 3127/84 5/15184 2 
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seals were tagged (Figure 2). Each seal 
maintained at least one lair and one 
breathing hole within the grid of seismic 
lines. The breathing holes and lair access 
holes passed through 2 m of ice and 
presumably had been maintained since 
freese up, or shortly thereafter. The 
breathing holes ranged from 19 to 129 m 
from the nearest seismic line; the lairs 
ranged from 250 to 700 m from the nearest 
seismic line. All of those structures 
remained in active use until at least early 
June, approximately two months after the 
seismic convoy had left the area. 

Of the seals radio-tagged in 1983, three 
(two males and one female) occupied lairs 
within the grid of simulated seismic survey 
lines (Figure 2). One of the males (Tl83) 
tended to haul out late at night in April and 
was never in his lair during the daytime 
hours that the seismic convoy operated 
(Kelly et al. 1986). The frequency and 
duration of his haulout bouts and their 
locations showed no significant changes in 
relation to the seismic operation. 

The second male (Gl83) was in his lair 
when the seismic equipment approached on 
21 A8ril and his departure, when the convoy 
was .64 km distant, was mentioned earlier. 
The next signal from him was heard on 
23 April when he briefly hauled out at a 
different site than the one he departed two 
days earlier. Thereafter, five additional 
haulout bouts by that seal were recorded, at 
least two of them from the lair he departed 
in response to the convoy. No signals were 
received from his transmitter after 26 April 
when he hauled out briefly (less than one 
hour). On 17 May, examination of the lair 
he had occupied during the seismic survey 
indicated its continuing use as a haulout 
site, but we were unable to ascertain 
whether he or some other seal was using the 
lair at that time. 

The female (LR83) using the 1983 
seismic area was tagged after the survey 
was completed. Her four haulout sites were 
within the seismic line grid, and her birth 
lair probably was in use prior to the seismic 
survey (Figure 2). She continued to use that 
lair as late as 4 June, more than one month 
after the survey. 

Fate of seal structures in areas of industrial 
activity 

While lair use by the radio-tagged 
seals appeared to be interrupted only briefly 

by anthropogenic disturbance, we did 
observe cases of abandonment in our 
examination of other structures. We found 
evidence that the examination by 
investigators and the activities associated 
with seismic profiling and gravel island 
construction increased the rates of 
abandonment. Data on these points were 
obtained in 1982 on the shore-fast ice of the 
Beaufort Sea. 

Of 37 structures that were opened and 
examined when first found, 46% were frozen 
or altered when revisited. Another 59 
structures were only probed when first 
found, and 22% of those structures were 
frozen or altered when revisited. The 
difference in the proportion of structures 
frozen or altered was significant (G = 6.35, 
df = 2, p < 0.05). 

The fate of 110 structures was 
investi~ated as a function of their distance 
from seismic lines and a gravel island under 
construction. Within 150 m of the seismic 
lines, 14/48 (29.2%) structures were 
abandoned, compared to 4137 (10.0%) of the 
structures beyond 150 m of the same lines. 
The difference was statistically significant 
(G = 5.53, df = 1, 0.01 < p < 0.025). 

Within 8 km of the Seal Island 
construction site, the incidence of 
abandonment was 8125 (32.0%), similar to 
the rates close to seismic lines. Near the 
island construction site, no differences were 
detected in abandonment rates within and 
beyond 150 m of the search lines. 

We observed varying rates of 
abandonment in over 700 seal structures 
examined between 1982 and 1987. Our 
samples were grouped according to ice type, 
the amount of anthropogenic disturbance, 
and the number of examinations by the 
investigators. That breakdown resulted in 
the four samples shown in Table 4. They 
are; (1) 93 structures from the drifting ice, 
not subjected to unnatural noise 
disturbance; (2) 471 structures from shore­
fast ice and not subject to human 
disturbance; (3) 148 structures from shore­
fast ice and subjected to "on-ice" industrial 
activity; and (4) 107 of the above 148 
structures after being subjected to two or 
more investigator examinations as well as 
industrial activities. 

On the shore-fast ice with no 
significant anthropogenic disturbances 
(sample 2), only 4.0% of the structures were 
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Table 4. Rates of abandonment (freezing of breathing or access holes) of ringed seal structures 
in four samples collected between 1982 and 1987. 

Anthror,genic Number Percent 
Sample distur ance N frozen frozen 

1. Dril\ingice 
Chukchi& 
Beaufort seas 
1984& 1987 

None 93 12 12.9% 

2. Shore-fast ice 
Bering, Chukchi, 
& Beaufort seas 
1983-1987 

None 471 19 4.0% 

3. Shore-fast ice 
Beaufort Sea 
1982 

Seismic surveys, 
island building 

148 20 13.5% 

4. Shore-fast ice 
Beaufort Sea 
1982 

Seismic surveys, 
island building, 
& inv~stiirator 
examtnations 

107 35 32.7% 

frozen. This rerresents what we consider to 
be the natura rate of abandonment on 
shore-fast ice during our study. 

Of the structures in the shore-fast ice 
that were subjected to industrial noise 
(sample 3), 13.5% were abandoned when 
first examined. The difference in 
abandonment rates between the industrially
disturbed sample (3) and the undisturbed 
sample (2) was highly significant (X2 = 
17.14, df = 1, p < 0.001). In sample 4, 
which includes 107 of the structures from 
sample 3 that were subjected to multiple
examinations as well as to industrial 
activities, the abandonment rate was 32.7%, 
indicating a significant increase due to the 
investigator's activities (X2 =12.42, df = 1, 
p < 0.001). 

Sample 1 includes 93 structures from 
the drifting ice and is included for 
comparison with the shore-fast ice samples. 
Compared to the latter habitat, the drifting 
ice is less stable. Furthermore, a high 
proportion of ringed seal structures in the 
drifting ice are opened by polar bears, a 
source of natural disturbance similar to that 
of our opening a lair. In the 1987 drift-ice 
sample, 22139 (56.4%) of the structures had 
been visited by bears, but that proportion 
was biased since the sample was collected 

while following bear tracks (Kelly et al. 
1987). The 1984 dril\ing ice sample was 
random, however, and of 54 structures in 
that sample, nine (16.6%) were visited by 
bears. The rate of abandonment of 
structures in the drift ice (sample 1) was 
12.9%, similar to that found on the shore­
fast ice in 1982 (sample 3). Only one other 
sample not subjected to industrial 
disturbance showed rates of abandonment 
similar to those in the dril\ing ice. One of 
seven undisturbed, shore-fast ice samples 
exceeded 5% abandonment. That sample, 
collected near Barrow in 1986, had a 12.8% 
abandonment rate and was associated with a 
very high incidence of arctic fox activity. 

Discussion 

The responses of ringed seals to noise 
disturbance were quite variable as indicated 
by the behavior of radio-tagged seals and by
the rates of abandonment of seal structures 
near and at various distances from human 
activities. Some structures remained in 
active use despite close proximity to seismic 
survey lines, snow machine trails, gravel 
island construction, and helicopter flight 
paths. Other structures were abandoned 
quickly when exposed to noises at greater 
distances. That variation probably is due in 
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part to differences in the noise environment 
that are difficult to measure. For el<llmple, 
helicopter noise is muffied on warm, cloudy, 
snowy, or windy days and is loudest in clear, 
calm, cold conditions. A snow machine, or 
penon on foot or skis, produces different 
kinda and levels of noise when the snow is 
very cold and hard or windblown com pared 
to newl)' fallen, relatively warm or soft 
snow. Snow machines travelling over 
smooth ice sound different than those over 
rough ice. Also, the seals' sensitivity to 
anthropogenic noise may lessen when 
background noise, such as from wind-driven 
snow or ice movement is high. 

In spite of an array of variables not 
accounted for, it is apparent that ringed 
seals in lairs are aware of sound intrusions, 
and they generally react to mechanical 
conveyances at greater distances than they
do to peoj>le on foot or on skis. The 
individual variation in their reactions, 
however, makes it difficult to define 
"critical" distances for noise disturbances. 
Although we found fewer active seal 
structures within 150 m of seismic lines 
than beyond that distance, we cannot say 
how the rate of abandonment changed 
within that range, which was chosen on the 
basis ofsample size, rather than distance m 
R· 

Gravel island construction appeared to 
result in displacement of ringed seals at 
rates similar to those observed close to 
seismic survey lines. Our data suggested
that the radius of disturbance was greater 
around Seal Island when it was under 
construction than was the radius around 
seismic exploration, but the data are 
insufficient for determining the distance 
from the island at which the incidence of 
abandonment began to decrease. 

The displacement of some seals within 
two hundred meters of seismic lines 
probably results in little, if any, increased 
mortality since, as we reported elsewhere 
(Kelly 1985; Kelly et al. 1986), individual 
seals use more than a single lair and as 
many as four or five lairs each. Our 
telemetric studies indicated that the 
distances between lairs used by individual 
seals averaged 572 m for females and 2,018 
m for males (Kelly et al. 1986). We do not 
know if mortality would be likely to occur if 
individual seals were displaced completely 
from the areas containing all of their lairs. 
At the very least, such an event would be 
likely to increase intra-specific strife by 

forcing displaced seals to use structures 
maintained by other seals. 

That ringed seals respond to noise 
disturbances by fleeing into the water 
probably is the result of their subjection to 
predation by polar bears and arctic foxes. 
Weddell seals (Lentonychotes weddelli), 
which breed on the shore-fast ice of 
Antarctica, have evolved in the absence of 
surface predators and are much less readily 
disturbed (Stirlin!f 1977; Kooyman 1981). 
The rates of ringed seal structure 
abandonment that we observed in areas of 
noise disturbance were more than three 
times greater than the overall rates in 
undisturbed areas but similar to the rates in 
areas offrequent predator activity. 

Increasing the frequency with which 
ringed seals flee lairs may increase stress 
levels and energy demands at times when 
rest is important to their well-being. Lair 
occupation becomes increasingly frequent 
and longer in duration throughout the 
spring months (Kelly et al. 1986), 
apparent!;.' due to the seals' need to maintain 
high epidermal temperatures while 
replacing their pelage (Feltz and Fay 1966). 

Of potentially greater importance are 
the effects of disturbances that cause 
structures to be completely abandoned. That 
occurrence would be deleterious especially 
for nursing pups. Furthermore, females 
with nursing young are more susceptible to 
disturbance in lairs by virtue of their more 
frequent and extended haulout bouts (Kelly 
et al. 1986). Short of abandoning a pup, 
female seals can take them through the 
water to alternate lairs (Smith and Stirling 
1975; Taug"-1 1982). If a newborn pup is 
forced into the water, however, it may not 
survive the resultant heat loss. At birth, 
ringed seal pups do not have the insulating 
blubber layer that protects older seals from 
excessive heat loss when submerged. Pups 
that do survive swimming through the water 
to an alternate lair would have to expend 
significant amounts of their energy reserves 
in order to maintain core temperature while 
drying (Taugb011982). Those pups would be 
easier prey for polar bears and arctic foxes 
and would be less able to withstand other 
stresses. 

Our investigation focused on the effects 
of noise disturbance on the seals' use of lairs 
and breathing holes. From our telemetric 
studies, we know that seals spend the 
majority of the time in the water under the 
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ice (Kelly et al. 1986). LitUe is known about 
their activities under the ice, although much 
of it must involve feeding and, perhaps, 
territorial defense. Sound is readily 
conducted through the ice into the water, 
and the effects of noise disturbance on seals 
under the ice remains unknown. Recent 
experiments with captive ringed seals 
suggest that ambient noise provides a 
critical navigational cue to seals swimming 
under ice in total darkness (Wartzok et al. 
1987). 

Acknowled,gements 

Much of thi&-work was funded by the 
Minerals Management Service, Department 
of the Interior through an Interaiiency 
Agreement with the National Oceanic and 
Atmospheric Administration, Department 
of Commerce, as part of the Alaskan Outer 
Continental Shelf Environmental 
Assessment Program. Additional support 
was provided by the Department of Wildlife 
Management, North Slope Borough, 
Barrow, Alaska, and the U. S. Fish and 
Wildlife Service. We are grateful to those 
organizations and to a great many people 
who assisted in the field work and provided
logistic support. We learned a great deal 
about ringed seals and the use of trained 
dogs for locating their subnivean structures 
from T. Smith and M. Hammill of the Arctic 
Biological Station, Ste. Anne de Bellevue, 
Quebec andJ. Memorana, Holman, N. W. T. 
Personnel of Shell Western E & P, Inc., 
Geophysical Services, Inc., Western 
Geophysical Co., Sefel Geoph:ysical Co., 
NANA Regional Corporation, U. S. Coast 
Guard - Port Clarence LORAN Station, 
711th Aircraft and Warning Squadron Radar 
Site - Cape Llsburne, Telonics, Inc., and the 
NOAA Helicopter Corps were extremely 
helpful to our efforts. 

References 

Boas, F. 1888. The central Eskimo. Bur. 
Amer. Ethnology. 399-699. 

Burns, J. J. and Eley, T. J. 1978. The 
natural history and ecology of the bearded 
seal (Erignathus barbatus) and the ringed 
seal (Phoca h1Jida). U.S. Dep. Commer., 
NOAA~E Environ. Assess. Alaskan 
Continental Shelf, Ann. Rep. Year Ending 
March 1978, 1: 99-162. 

Burns, J. J. and Harbo, S. J. 1972. An aerial 
census of ringed seals, northern coast of 
Alaska. Arctic 25: 279-290. 

Burns,J.J.andKelly,B.P. 1982. Studiesof 
ringed seals in the Alaskan Beaufort Sea 
during winter: impacts of seismic 
exploration. Unpubl. ann. rep., OCSEAP 
Res. Unit 232, to U.S. Dep. Commer., 
NOAA, Off. Mar. Pollut. Assess., Juneau, 
Alaska, 5 7 pp. 

Burns, J. J., Kelly, B. P. and Frost, K. J. 
1981. Studies of ringed seals in the Beaufort 
Sea during winter. Executive Summay, 31 
October 1981. OCSEAP Res. Unit 232, to 
U.S. Dep. Commer., NOAA, Off. Mar. Pollut. 
Assess., Juneau, Alaska. 81 pp. 

Cox, S. L. and Spiess, A. 1980. Dorset 
settlement and subsistence in northern 
Labrador. Arctic 33: 659-669. 

Feltz, E. T. and Fay, F. H. 1966. Thermal 
requirements in vitro of epidermal cells from 
seals. Cryobiol.rnl-264. 

Geraci, J. R. and St. Aubin, D. J. 1980. 
Offshore petroleum resource development 
and marine mammals: a review and 
research recommendations. Mar. Fish. Rev. 
42: 1-12. 

Hall, C. F. 1866. Arctic researches and life 
among the Esquimaux: being the narrative 
of an expedition in search of Sir John 
Franklin, in the years 1860, 1861, and 1862. 
Harper and Bros. Puhl., N. Y., 595 pp. 

Kelly, B. P. 1985. Dependence by ringed 
seals on subnivean lairs. Sixth Biennial 
Conference on the Biology of Marine 
Mammals. (Abstract). 

Kelly, B. P., Quakenbush, L. and. Rose, J. R. 
1986. Rinj!ed seal winter ecology and effects 
of noise disturbance. Final rep., OCSEAP 
Res. Unit232, Part 2, to U.S. Dep. Commer., 
NOAA, Nail. Ocean Serv., Ocean Assess. 
Div., Alaska Office, Anchorage, Alaska, 
91 pp. 

Kelly, B. P., Amstrup, S. C., Gardner, C. and 
Quakenbush, L. T. 1987. Predation on 
ringed seals in the western Beaufort Sea. 
Seventh Biennial Conference on the Biology 
of Marine Mammals, 5-9 December 1987, 
Miami, Florida. (Abstract). 

Kooyman, G. L. 1981. Weddell seal 
(Leptonychotes weddelli Lesson, 1826). In 

37 



"Handbook of marine mammals" (S. H. 
Ridgway and R. J. Harrison F.R.S., eds.). 
Vol. 2: Seals. Academic Press, London, 275­
296. 

Manning, T. H. 1944. Hunting implements 
and methods of the present-day Eskimos of 
north-west Hudson Bay, Melville Peninsula, 
and south-west Baffin Island. Geogr. J. 103: 
10-152. 

Mansfield, A. W. 1983. The effects of vessel 
traffic in the arctic on marine mammals and 
recommendations for future research. Can. 
Tech. Rep. Fish. and Ag,uatic Sci. No. 1186. 
Ste-Anne-de-Bellevue, \,luebec, 97 pp. 

McLaren, I. A. 1958a. The economics of 
seals in the eastern Canadian arctic. Fish. 
Res. Board Can. Circ. 1, 93 pp. --

McLaren, I. A. 1958b. The biology of the 
ringed seal (Phoca hispida Schreber) in the 
eastern Canadian arctic. Fish. Res. Board 
Can. Bull. 118: 97 pp. 

Norris, K. S. 1981. Marine mammals of the 
arctic, their sounds and their relation to 
alterations in the acoustic environment by 
man-made noise. In 'The question of sound 
from icebreaker operations: the proceedin~ 
of a workshop February 23-24, 1981 ', 
Toronto, Ontario (N. M. Peterson, ed.). 
Arctic Pilot Proj., Petro-Canada, Calgary, 
Alberta, 304-309. 

Rausch, R. L. 1973. Post mortem findings 
in some marine mammals following the 
Cannikin test on Amchitka Island. Ms. 
Atomic Energy Comm., Las Vegas, Nev. 
86pp. 

Ronald, K. and Dougan, J. L. 1982. The ice 
lover: biology of the harp seal (Phoca 
groenlandica). Science 215: 928-933. --

Schusterman, R. J. and Moore, P. W. B. 
1980. Noise disturbance and audibility in 
pinnipeds. J. Acoust. Soc. Am. 70, Suppl. 1, 
S83. 

Smith, T. G. 1976. Predation of ringed seal 
pups (Phoca hispida) by the arctic fox 
(Al"s°eXTajiOpus). Can. J. Zoo!. 54: 1610­
161 . 

Smith, T. G. 1987. The ringed seal, Phoca 
hispida, of the Canadian western Arctlc. 
Can. Bull. Fish. and Aguat. Sci. 216. 
Ottawa, 81 pp. 

Smith, T. G. and Stirling, I. 1975. The 
breeding habitat of the ringed seal (Phoca 
hispida). The birth lair and associated 
structures. Can.J. Zool. 53: 1297-1305. 

Stefansson, V. 1913. My life with the 
Eskimos. MacMillan Co., New York, 538 pp. 

Stewart, B. S. 1981. Behavioral response of 
northern elephant seals and California sea 
lions on San Nicolas Island, California, to 
loud impulse noise. J. Acoust. Soc. Am. 
Suppl. 1, Vol. 70, S84. 

Stirling, I. 1977. Adaptations of Weddell 
and rin~ed seals to exploit the polar fast ice 
habitat in the absence or presence of surface 
predators. In•Adaptations within antarctic 
ecosystems''\G. A. Llano, ed.). Proceedin~ 
of the Third Symposium on Antarctic 
Biology. Gulf Publishing Co., Houston, 
Texas, 741-748. 1252 pp. 

Taugb•l, G. 1982. Ringed seal 
thermoregulation, energy balance and 
development in early life, a study on Pusa 
hispida in Kongsfj., Svalbard. Uni)iilir. 
theS1s, 102 pp. (Transl. from Norwegian by 
Can. Fish. Aquat. Sci., No. 5090, 1984, 
109 pp.) 

Wartzok, D., Elsner, R., Kelly, B. P., 
Mimken, G. and Quakenbush, L. T.. 1987. 
Visual, acoustic, and vibrissal contributions 
to under-ice navigation by ringed seals, 
Phoca hisj>ida. Seventh Biennial Conference 
on the Biology of Marine Mammals, 5-9 
December 1987, Miami, Florida. (Abstract). 

Wenzel, G. 1984. Archaeological evidence 
for prehistoric Inuit use of the sea-ice 
environment. In "Sikumiut: the people who 
use sea ice" (A. Cooke and E. V. Alstine, 
eds.). Canadian Arctic Resources 
Committee, Ottawa,41-59. 153 pp. 

38 



	Symposium Cover
	Responses of Ringed Seals (Phoca hispida) to Noise Disturbance
	Abstract
	Introduction
	Figure 1. Map of Alaska showing locations mentioned in text.

	Methods
	Figure 2. Subnivean structures used by radio-tagged ringed seals and seismic survey lines in 1982 (north of Reindeer Island) and 1983 (south ofReindeer Island). (After Kelly et al. 1986.)

	Results
	Table 1. Ringed seal densities obnserved along adjacent seismic and control transects during aerial surveys in 1981. 
	Table 2. Ringed seal densities observed along adjacent seismic and control transects during aerial surveys in 1982.
	Table 3. Ringed seals radio-tagged in the Beaufort Sea and Kotzebue Sound. (After Kelly et al. 1986.)
	Table 4. Rates of abandonment (freezing of breathing or access holes) of ringed seal structures in four samples collected between 1982 and 1987.

	Discussion
	Acknowled,gements
	References


