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Rationale, Design and Summary 2
INTRODUCTION

The bowhead whale, Balaena mysticetus, inhabits cold northern waters.

All populations were exploited heavily by commercial whalers in the 18th or
19th centuries, and all were seriously reduced. The Western Arctic stock now
contains more bowheads than the others, but even it 1is considered
endangered. The International Whaling Commission‘s current 'best estimate’

of the population size is 3857 (I.W.C. 1983).

The Western Arctic bowheads winter in the Bering Sea and summer in the
eastern Beaufort Sea (Fig. 1). Their spring and autumn migrations are around
the western and northern coasts of Alaska. The spring migration is close to
shore in the Chukchi Sea, but well offshore in the Alaskan Beaufort Sea
(Braham et al. 1980; Ljungblad et al. 1982a). Thus, the eastward spring
migration through the Alaskan Beaufort Sea 1s well north of the area of
imminent o0il exploration near the coast. However, during the westward autumn
migration many bowheads occur close to the Alaskan north coast and within or

near some offshore oil leases (Ljungblad et al. 1982a).

Bowheads move eastward through the Alaskan Beaufort Sea from April to
early June and return westward through that area in September and October.
From May to September, the great ﬁajority of the population is in Canadian
waters (Fraker 1979; Fraker and Bockstoce 1980; Davis et al. 1982).
Intensive offshore oil exploratipn from drillships and artificial islands has
been underway in the central part of the summering area since about 1976;
seismic exploration and nearshore drilling began there_ earlier and still
continue. The main area of offshore drilling is north of the Mackenzie Delta
and the western Tuktoyaktuk Peninsula (Fig. 1). Summering bowheads are

sometimes common in that area (Richardson et al. 1983a)
POTENTIAL. FOR DISTURBANCE

The scientific literature contains some descriptions of the reactions of
baleen whales to boats, aircraft, drillships, and other activities associated
with offshore 0il exploration, but there have been few detailed or controlled

studies of these reactions. Long-term effects are less well understood. The
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Rationale, Design and Summary 4

literature on these topics has been reviewed recently by Fraker and
Richardson (1980); Geraci and St. Aubin (1980), Acoustical Society of America
(1981), Fraker et al. (1982), Gales (1982), and Richardson et al. (1983b).

Noise is one attribute of offshore o0il exploration and development that

may have a deleterious effect on marine mammals. Unlike major oil spills,
'.noise is an ongoing component of normal offshore operations. Noise is
introduced into the sea by most of the offshore activities associated with
the oil industry, including boat and aircraft traffic, seismic explorétion,
dredging and drilling (Acoustical Society of America 1981; Greene 1982;
Richardson et al. 1983b). Many of the sounds produced are of rather low
frequencies, in the order of tens and hundreds of Hertz. This is the
frequency range of most bowhead calls (Ljungblad et al. 1982b; Wiirsig et al.
1982), and it is assumed that bowheads and other baleen whales can detect low

frequency sounds.

Sound, unlike light, can propagate long distances through water. With
calm to moderate sea states, noise from boats, dredging and drilling is
readily detectable by instruments, and presumably by bowheads, at ranges of
several kilometres or more (Greene 1982). Noise from seismic exploration in
-open water is much more intense, and often detectable at ranges of several
tens of kilometres (Ljungblad et al. 1980, 1982a; Greene 1982, 1983). It is
probable, therefore, that bowheads detect noise from offshore oil exploration
and other offshore industrial operations at rather long distances—-much
longer than" the distances to which vision or other sensory modalities could
detect the industrial activity. Within the often~large area around
industrial activity wherein a bowhead could detect industrial noise, there is
the potential for disturbance. This could take the form of disruption of
normal behavior, displacement, or interference with detection of natural

sounds.,

The possible 'negative effeéts of any prolonged displacement or
disruption of normal behavior have been diSCuséed at length in the reviews
cited above, but interference with detection of natural sounds warrants
further comment. Detection of envirommental sounds, such as those from ice,

may be important to bowheads. In addition, bowheads themselves produce a
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es of calls (Ljungblad et al. 1982b; Wursig et al. 1982; Clark

n prep.). There 1s little direct information about the

importance of these calls. However, analogies with the

and closely related southern right whale, Eubalaena australis,

ome call types are used to maintain contact, and .others serve
1982; cf.

The importance of these forms of communication is

functions during social interactions (Wirsig et al.

udge, but prolonged disruption of acoustic communication could

have significant negative effects. Such disruption could occur either if

bowheads for |some reason ceased calling in the presence of industrial

activity, or if their calls were masked by industrial noise. Increased noise

levels reduce the signal (i.e. bowhead call) to noise ratio at any range from

animal,

ge to which another bowhead could hear the calling one.

the calling and therefore--if other factors are unchanged--will

reduce the ran The

significance of a reduced range of potential communication is wunknown,

although one| can imagine <circumstances where long-range acoustic

communication could be important (e.g., in locating small areas of open water

within heavy pack ice during spring migration).
APPROACH IN THIS STUDY

This report includes our results from 1982, the third year of a study of

the normal behavior and disturbance responses of summering bowhead whales.

in 1980-81 included field studies of (1) normal behavior,_(Z)
iLdustrial activities, and (3) characteristics of feeding areas
(Richardson [eL.] 1982).

Tasks addresse

reactions to

Task (1)),

standing of tre activities of bowheads 1n the absence of disturbance is

the study of normal behavior, was done because an under-

necessary in order to interpret their behavior in the presence of industrial

There had been no previous study of the behavior of summering
Considerable

activities.:
bowheads, and little previous study of behavior at any season.

information about normal behavior was obtained in 1980-81'(Wﬁrsig et al.
1982).
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Task (2) included work on reactions of bowheads to boats, aircraft,
seismic exploration, dredging and drillships (Fraker et al. 1982). Both
observational and experimental work were included. The experimental work in
1980-81 included comparisons of behavior before and during

- close approach by boats,

= low altitude overflights by aircraft, and

- firing of an airgun.

The non~experimental work in 1980-81 included observations of bowheads near
boats, a seismic vessel, drillships and an island construction operation.
Characteristics of the underwater sounds from these industrial activities

were also analyzed (Greene 1982).

Task (3), concerning the characteristics of the water mass and of the
zooplankton in areas with and without bowheads, was performed to determine
whether areas where bowheads occur are unusual in these respects. We found
that bowheads tended to occur in areas with higher than average abundance of
copepods (Griffiths and Buchanan 1982).

The fieldwork in 1982 was a continuation of tasks (i) and (2). Priority
was to be placed on disturbance experiments involving noise from drilling,
helicopters, dredging and seismic exploration. In practice, it was possible
to conduct driliing noise playback experiments, aircraft overflights at
different altifudes, and one boat disturbance trial. We were also able to
observe bowhead behavior near drillships and in the presence of seismic
noise. Characteristics of the industrial noises to which bowheads were
exposed in 1982 were analyzed. Studies of normal behavior were assigned low
priority in 1982, but considerable additional information was obtained
because such observations are often possible when circumstances do not permit
studies of reactions to industrial activities. No further work relating to

task (3) was planned or done in 1982.

The general approach in 1982 was similar to that in 1980-81, with
emphasis on methods that had proven most successful in earlier years.
Whenever possible, we attempted to conduct controlled experiments to test the
reactions of whales to industrial activities. The best way to determine the

response of bowheads to a source of potential disturbance is by comparing the
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beﬁaviof of a |specific group of whales before and during exposure. This
expefimental method is much more sensitive than uncontrolled observationé of
some whales. in the présence of the industrial activity and others in its
absence. Many factors may differ Between..groups of whales observed at
différent places and times.

1

The study| area in 1982 was the same as in 1980—él: the southeastern

Beaufort Sea, including the area of offshore oil exploration and surrounding

areas to the west, north and east. This area was chosen because, relative to

Alaskan waters|, bowheads are present for a comparativel& long period, and

weather, light and ice conditions are more favorable. Also, the presence of

extensive offshore o0il exploration provides . certain opportunities - for

observation th;t do not now exist in the Alaskan Beaufort Sea.
Tuktoyaktuk, N.W.T.

of Cape Bathurst, and as far as 200 km offshore (Fig. 1).

The work was
again based at Work in 1982 extended west of Herschel
Island and east

The_field season in 1982 extended from 1 to 31 August. The logistic
support consisted of the same Islander observation aircraft as used in
1980-81, (Mv No
shore-based observations were attempted in 1982 because of the limited
yre-based work in 1980-81.
enough to shore in 1980-81

Given the observed distribution of whales in 1982, it is doubtful

and (the same 13-m boat 'Sequel') as used in 1981.

success of she Bowheads did not approach close
to make shore-baséd disturbance experiments

>practical.

that shore-bas

Many whales oc

ed observers would have had any greater success that year.

curred in the Herschel Island area, but most were over 5 km

from shore (Richardson et al. 1983a).

An additional task for 1982 was to analyze the distribution of sumhering

bowheads during 1980-82 in relation to industrial activities in that period.
(Systematic diLtributional information was not obtained from most parts of

‘the summer range in years before 1980.) The intent was to assess whether

there was any long-term displacement of bowheads from the area of oil

exploration. |[It was recognized that a 3-yr series of data beginning after

offshore o0il exploration began would probébly.be inconclusive. However, this

preliminary analysis WOu;d draw together the information, much unpublished,

that would be needed for any future analysis.
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No systematic surveys of bowhead distribution were funded under this
project. However, separate distributional studies have been conducted in the
eastern Beaufort Sea each year since 1980. Additional distributional
information, much of it previously unreported, was available from this and

other projects dealing with non-distributional topics.
; SUMMARY OF RESULTS
This section summarizes the results of the four self-contained sections

of the report that follow. These summaries are amended versions of the

Abstracts from the four detailed sections.

Normal Behavior of Bowheads, 1982

The report with the above title (Wirsig, Clark, Dorsey, Richardson and
Wells 1983) describes the ‘undisturbed' behavior of bowhead whales summering
in the southeastern Beaufort Sea. The emphasis is on the 1982 results, but

the report contains considerable integration of results from 1980-82.

Behavior of bowhead whales was observed from an aircraft dﬁring 14 of 27
flights in the period 1-31 August 1982, mainly in the south~central Beaufort
Sea northeast of Herschel 1Island, Yukon, Canada. Detailed behavioral
observations were made while we circled over whales for 36.5 h, at distances
up to approximately 200 km from home base at Tuktoyaktuk, N.W.T. The
bowheads were 'presumably undisturbed’ during 60%Z of the observation time
(21.8 h), and these observations of ‘normal behavior' are described here.
Behavioral data were gathered in similar fashion to those obtained in
1980-81.

General Activities. —— During August 1982, most observations were of
bowheads near the edge of the continental shelf in water >100 m deep. Whales
dove for long periods, socialized little, and apparently speﬁt much time
feeding in the water column. This behavior was broadly consistent throughout
August, although isolated instances of socializing and play activity occurred
as well. Behavior was less variable than in 1980-8l. In 1980, whales were

often in shallow water close to shore, and appeared to feed in several



different ways-—at the surface, in the water column, and near the bottom.

1981, most wh‘

1980. and the
1982.

Social Interactions. ~- nudges, pushes, chases, and close proximity

were observed

low level of

socializing was from 16:00-20:00 MDT.

activity late

.sidereal noon
although four
activity occur
lone whales we
flipper slappe
with a log for

within a 1line

ales were in intermediate depths between the shallow water

deep water of 1982, and behavior was also more varied than
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much less often in 1982 than in 1980-8l. No difference in the

socializing was noted from week to week, and.all observed
In 1980-81, thgre was less social
in August than earlier, and the peak of social activity bridged
(15:00 MDT). \No sexual interactions were recognized in 1982,

chases may have been related to sexual activity. Aerial

red sporadically and at low frequency throughout August. Three

re seen breaching, and two presumed mothers tail slapped and
A whale was seen playing
A calf played

d while separated from their calves.
1.5 h; seismic noise was present at this time.

of surface debris for 12.3 min, and another calf played for

22.3 min within water marked by green dye. .

surface while

Surfacing
blows per sur

measured 894,

apparently und

the most consi
+ s.d. 8.66 s

1980-81. Blc

facing,

Both calves were alone at the

their mothers were.presumébly feeding below the surface.

» respiration and dives. —— Intervals between blows, number of
durations of surfacings, and durations of dives were
77, 91, for whales that were

isturbed.

and 80 times, respectively,

As in previous years, the interval between blows was

stent of the four variables over the season. The mean was 14.9

(n

794) for non-calves, and was significantly higher than in

yws per surfacing and durations of surfacings were highly

correlated, and. the mean of 7.4 + 5.11 blows per surfacing (n

non—-calves was
was 2.05 + 1.
1980-81. Div
however. The

times higher t

han that recorded during 1980-81.

58) for

~also higher than in 1980-8l1. The mean duration of surfacing

320 min (n

70)_for'non—calves, almost twice as high as in

e duration showed the greatest increase over previous years,

mean was 12.08 + 9.153 min (n = 51) for non-calves, about four

o
e
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The number of blows per surfacing and the duration of surfacing were
correlated with the durations of preceding and subsequent dives. The mean
blow rate, or number of blows/min over a complete surfacing/dive sequence,
was 0.70 + s.d. 0.470 blows per min (n = 25 blow rates by 10 whales). Blow
rates were generally higher in active whales than in inactive whales, and

therefore appear to be good indicators of activity level.

-Several factors were related to surfacing-dive-respiration character-
istics. In 1982, the mean number of blows per surfacing, duration of
surfacings, and duration of di&es were all greater for whales in water >100 m
deep than for whales in shallower water. There was no clear diurnal trend in
any of the surfacing-dive-respiration characteristics. None of the
characteristics differed significantly between socializing and
non-socializing whales, but there was a trend: number of blows per surfacing,
duration of surfacing, and duration of dive were all somewhat greater in
non-socializing whales than in socializing whales. We believe that the
non-socializing whales were mainly feeding below the surface, and that the
longer cycle of surfacings and dives in non-socializing whales was a result

of such feeding.

Mothers and Calves. —— The interval between blows was slightly longer
and the number of blows per surfacing was slightly lower for calves than for
non-calves. The number of blows per surfacing may have been biased by
failure to detect some inconspicuous blows by calves. However, surface time
was also shorter for calves than for non-calves. The calf vs. non-calf
difference was less in 1982 than in earlier years, since in 1982 several
calves spent much time at the surface, apparently waiting while their mothers
fed in the water column. The clearest difference between calves and
non-calves was in dive time: 6.82 + s.d. 5.715 min (n = 29) for calves, or
“about one-half of the non-calf mean value. This was consistent with calf
dive times relative to non-calf dive times in earlier years. During 1982,
mean durations of dives by calves were four times longer than in 1980 and

seven times longer than in 1981.
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Maternal |females and their calves blew at longer intervals.than other
whales, and the number of blows per surfacing was significantly lower for

by maternal feLales was intermediate between the low value for calves and the

|

higher value for non-maternal whales. The pattern of dive lengths differed

calves than for all other non-maternal whales. Number of blows per surfacing

from that of previous years. Mothers and calves dove for shorter lengths of
time than did |other whales, while in 1980-81 mothers made the longest dives.

Calves dove for shorter periods than did any other whales.

Calves were encountered alone on the surface on four separate occasions,
and these accounted for 40% of calf observation time in 1982. When calves
were with their mothers, they often submérged toward the mother's teat region
for brief intervals, presumably to nurse. During apparent nursing, calves

usually blew only once between submergences.

Calls. —— Sounds of bowheads were analyzed from 30.6 h of sonobuoy
tapes from 1982. Most sounds (90%) were low, tonal, frequency modulated (FM)
calls similar to the sounds that southern right whales produce in

long-distance [contact situations. Loud low FM calls were heard especially

well on one day when a mother and calf were about 375 m from each other, and

this observation provides our best indication for acoustic communication

between mother and calf. Complex calls heard in 1981 while whales were
actively soci;lizing were recorded much less often in 1982, The number of
sounds recorded was much greater than during earlier years, and the rate of
low FM calls increased by a factor of about 16 times over the rate in
1980-81. We| hypothesize that loud low FM calls may. have been more
predominant in 1982 because whalés usually were farther apart than in earlier
years. Also,|the deeper water where most whales were observed'during 1982

may have increased the range of detectability of sounds.

Whales Near Ice. -— Whales were at times encountered in 1-40% ice (we
uSualiy did ngt fly over thicker ice covér). About 75% of the whales in ice
showed little | or no noticeable surface activity, and a low blow rate. We
hypothesize that low activity in ice may be due in ﬁart to the generally calm

water found among ice, although at present we have no proof for this
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assertion. Whales avoid ice during forward motion by diving under it rather

than going around it.

’Interspecific Associations, -— Ringed seals, white whales, gulls, terns,
and phalaropes were occasionally seen near bowhead whales. Birds may have
been feeding on prey stirred up by the whales, although we have no direct
evidence of this. One gray whale was observed on 18 August 1982, feeding as
close as 500 m from the nearest bowhead whale, but no interaction was

observed between the gray whale and bowhead whales.

Relationships to Behavior in Other Species and Areas. -— Bowheads, right
whales, and to a lesser degree gray whales, exhibit similarities in social
activity and some feeding behaviors. Our studies have shown the behavior of
bowheads in summer to be highly variable from year to year. Most of the
socializing and feeding repertoire seen in the Canadian Beaufort Sea in
summer has also been observed in migrating bowheads in the Alaskan Beaufort
Sea in spring and fall. The main differences between summering and migrating
bowheads appear to be quantitative rather than qualitative, i.e. different
relative frequencies of behaviors in the two different areas, not differences
in types of behaviors. Caution is necessary in comparing surfacing-dive-
respiration characteristics recorded during this study with ghblished results
on bowheads in different areas (often based on data from different vantage
points). Nevertheless, there are broad similarities; with differences
apparently due mainly to the greater amount of time spent travelling in

spring and fall than in summer.

Disturbance Responses of Bowheads, 1982

The report with the above title (Richardson, Wells and Wiarsig 1983c¢)
describes the behavior of bowhead whales in the presence of actual or
simulated industrial activities. 1In 1982, we emphasized studies of reactions
to aircraft, seismic exploration and drilling, but collected some additional
data concerning reactions to boats. This report presents the 1982 data and
some previously unreported 1980-81 results in detail. It also re—examines
some of the previously reported 1980-81 results for comparison and pooling
with the 1982 data.
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Methods in 1982 were very similar to those in 1980-81. The 1982 work
was done in the Canadian Beaufort Sea throughout August. Both experimental
_and observational methods were used. During experiments, we tried to observe
whales before, during and (when practicél) after simulated industrial
activity. In 1982, we conducted one boat disturbance experiment, two
aircraft disturbance experiments, and three drilling noise playback
experiments. Beéides these experiments, we also observed whales in the
presence and absence of aircraft, seismic exploration and drillships, and
compared their behavior in these situations. Again in 1982, most
observations were from a Britten-Norman Islander aircraft circling over the
whales at an aﬁtitude of 457 m (1500 ft), which is high enough to avoid any

major aircraft disturbance. Underwater sounds from whales and industrial

sources were [recorded via sonobuoys dropped from the aircraft and via

hydrophones deployed from a boat. This boat was also used to conduct the

playback and boat disturbance experiments.

The one boat disturbance experiment in 1982 was conducted in the
presence of seismic noise with received level 132 dB//1 mPa. This trial
replicated.a 1981 experiment with the same 13-m boat in the presence of
stronger seismic noise (about 150 dB). In both cases, the whales began to
swim rapidly away as the boat closed to within 2-3 km. Thus, bowheads react
strongly to an approaching boat even when they have already been exposed to

intense sounds|from seismic exploration before the boat approaches.

Over the 1980-82 period as a whole, reactions to close approach by boats
were observed from the circling aircraft on 5 occasions, and additional data.
were obtained by trained observers on some boats. Bowheads responded to
boats in two main ways. (1) When boats were nearby, Bowheads altered their
surfacing and diving pattern by decreasing the mean time at the surface‘per.
.surfacing, the mean number of blows (respirations) per surfacing, and the
mean dive duration. In 1980, mean surface times and bloﬁs/surfacing were
reduced even in response to a stationary 16-m boat with its engines idling at
a range of 3-4 km from the whales. (2) When boats closed to within 1-3 km,
the whales, in addition to the above responses, swam rapidly away from the
boat and scattered. Whales directly on the boat's track initially tried to

outrun it, but usually turned to move off the track as the boat closed to
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within a few hundred metres. This flight reaction ceased when the vessel was
1-2 km beyond the whales, but increased spacing of individuals sometimes

persisted until the vessel was farther away.

Short-term behavioral reactions to boats were more conspicuous than to
any of the other types of industrial activities we studied. However, insofaf
as we could determine, none of the boat disturbances that we observed
resulted in long-distance displacement. The effects of more frequent boat
disturbance, or disturbance when whales and ships are both confined within

leads, are unknown.

Reactions to an Islander aircraft were evaluated based on all data
collected from 1980-82. New information from 1982 included (1) two
experiments in which we circled above whales at 457 m (1500 ft) and then
descended to 305.m’(1000 ft), (2) a comparison of behavior observed from the
aircraft and from a quiet, drifting boat, and (3) subjective interpretation
of apparent reactions of  whales to the observation aircraft on other

occasions.

Based on results from 1980-82, we conclude that bowheads often dove
precipitously in response to the Islander aircraft when it first approached
at 305 m above sea level (a.s.l.), and occasionally did so when we approached
at 457 m. In each of the four altitude experiments to date (two in 1982, two
in 1981), mean interval between blows decreased when the aircraft descended
from 610 m a.s.1l. to 457 or 305 m, or from 457 m to 305 m. This tendency was
not evident in the pooled data exclusive of the experiments or in small
samples of data collected in the presence and absence of the aircraft. The
discrepancy may reflect the greater sensitivity of the four controlled tests
on particular bowheads. Excluding data from those experiments, mean lengths
of time at the surface per surfacing were slightly reduced when the aircraft
circled at 457-518 m relative to those when it circled at 610 m, but there
was no clear evidence of effects on respiration or dive characteristics. In
general, reactions to a circling aircraft were conspicuous if it was at 305

m, occasional but not major at 457 m, and undetectable at 610 m.
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1981 showed that underwater noise from a Bell 212 helicopter was

that from the Islander (Greene 1982). Thus, reactions of

such a helicopter might be stronger than to the Islander, or
However,

at greater range. during straight-line passes at

«l. over a hydrophone, helicopter sound was detectable for only

We obser

seismic explo

|
ved bowhead behavior in the presence of noise from full-scale

ration on four days in 1982 and four days in 1980-8l1. There was

no clear evidence that these whales were attempting to move away from the

seismic ships
calls in the

Detailed
bowheads in
inconsistent

indications t

modified by t

1982 when bowheads were sgen'40-73 km from a vessel firing airguns.

apparent effe
the data, an

animals. On

Bowheads usually continued to produce their normal types of

presence of seismic sounds.

of the surfacing and respiration behavior of
of

In some but not all incidents, there have been

comparisons

the presence and absence seismic noise have provided
results,
hat the usual cycles of surfacing, respiration and diving were
This was so on three occasions in Auguét

The

he seismic activity.

cts were detectable only by a detailed quantitative analysis of
d were not conspicuous to experienced observers watching the

other occasions, including two incidents when a seismic ship was

firing sleeve exploders 13 and 6-8 km from whales, no similar effects on

behavior were

Differen
apparent inco

the whales on

detected even by detailed numerical analysis.

ces in seismic sound levels near the whales do not explain the
nsistency in the results. Peak levels of seismic sounds near

the three occasions in 1982 when effects appeared to be present

were 107-133 dB//1 pPa, or some 15-40 dB above the ambient levels prevailing

at those time
whales 6-13

During t

s in the 10-500 Hz band.
from a seismic ship were higher, about 141-150 dB.

Levels near the seemingly undisturbed

wo controlled experiments with one 40 cu in airgun fired 5 and 3

km from bowheLds in 1981, we found slight indications of altered surfacing,

respiration a
40-73 km from

nd diving cycles. The trends were consistent with those seen

full-scale seismic operations with airgun arrays. Also, during

one of these expefiments, the whales stopped calling.
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We suspect that the apparent inconsistencies in the results concerning
surfacing, respiration, diving and calling are a result of two main factors:
(1) actual differences in the responses of the whales to seismic noise on
different occasions, including possible habituation to ongoing seismic, and
(2) difficulties in detecting subtle behavioral effects in the presence of
great variability in nétural behavior. However, the results show quite
clearly and consistently that summering bowheads normally do not swim away
from seismic vessels operating 6 km or more away. The importance of the
subtler behavioral reactions that sometimes seem to occur is not known.
Distributional evidence indicates that bowheads continue to use summering
areas where seismic exploration has been in progress each summer for many

years.

- Drilling from artificial islands has not been in progress during our
field seasons. However, we did see bowheads as close as 10-12 km from an
operating drillship in 1982, and as close as 4 km in 1981, Industry
personnel reported closer sightings. The strongest tonal sound from the
drillship at 4 km range was about 111 dB//1 pPa at 278 Hz. There was mno
consistent indication of unusual behavior among whales observed within 20 km

of drillships.

On two occasions in 1982, we completed controlled experiments in which

we broadcast drilling noise into the water near whales whose behavior was
observed both before and dufing the playback period. There was some
indication that the whales increased their rate of dispersal away from the
site of the underwater projector during the playback period. However, the
sample size was small and the feactions were not as conspicuous as those to

close appfoach by a boat.

No new information about reactions to dredging was obtained in 1982. 1In
1980, bowheads frequently were seen <5 km from an artificial island that was
under construction by a suction dredge. We saw bowheads as close as 800 m
from the operation, and industry personnel reported that one bowhead came
closer than that. Sounds from the dredge were well above ambient out to at

least 7.4 km from ;he dredge.
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\

Overall, the results show that the behavior of bowheads can be affected

markedly.by the close apprgach of ships or aircraft. However, the whales

seem to return to their normal activities soon after the ship or plane moves
away. Reactions to industrial activities that continue for hours or days at
a time, such as seismic exploration, drilling and suction dredging, are not

nearly so obvious.

vessels,
When s
al

noise.

swim away,

noise playbaéks.

be subject to

behavioral observations.

examined in a

Bowheads sometimes approach close enough to seismic

drillships and dredges to be exposed to considerable industrial

een near these operations, bowheads do not seem to be trying to
though there wés an indication of dispersal during drilling
Whales remaining near industrial operations may,_however;
stress or other negative effects not evident from short-term
The. possibility of long-term displacement 1is

later section (Richardson et al. 1983a).

haracteristics of Waterborne Industrial Noise, 1982

C
The report with the above title (Greeme 1983) documents the
characteristics of the underwater sounds to which bowhead whales were exposed

during the exp

1980-81 had included measurements of underwater noise from a drillship,
suction dredge,

(Twin Otter, Britten-Norman Islander, Bell 212 helicopter),

vessels, and

Regression mod
In 1
(from 0.9-14.8

km,

derived.

sounds fre
sounds from a

dredges droppi

Sounds - we
and via hydro
vessel-—-the MV
were projected

behavior chang

eriments and observations summarized above.

Similar studies in
a
a loaded - hopper dredge underway, three types of aircraft
several support
seismic survey signals from sleeve exploders (Greene 1982).
els for sound transmission loss in the shallow water were also
982, measurements were made of seismic signals at close ranges
km), seismic signals from an airgun array at ranges of 52-75
om a variety of activities at an artificial island (Tarsiut),
different drillship, and sounds from trailing suction hopper

ng and picking up loads.

re recorded via sonobuoys dropped from the Islander aircraft
phones deployed beneath a sparbuoy floating near a drifting
'Sequel'. In addition, previously recorded drillship sounds
underwater near bowheads in playback experiments to study any

es that might occur.
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The seismic ship ‘Arctic Surveyor' used open—bottom gas guns in 1982.
For ranges 0.9 to 14.8 km in water 9-11 m deep, we recorded peak levels
corresponding to rms levels from 177 to 123 dB//1 pPa. Using a least squares
regression fit to an equation with a spherical spreading loss term of 20
log(R), Greene derived an absorption loss term of 2.09 dB/km and a predicted
level of 174.5 dB//1 pPa at 1 km; the standard error was 1.7 dB. Frequency
content at the short ranges (to 1.9 km) was predominantly below 150 Hz;
beyond 7.4 km the energy was predominantly above 150 Hz. Thus, low
' frequenciés attenuated more rapidly in the shallow water. The low frequency
energy (<100 Hz) probably travelled via a higher-velocity sub=bottom path; it
arrived 70-135 ms (depending on range) before the higher frequency component,

which presumably traveled via an in-water path.

Signals received from the 1410 cu in airgun array on ‘GSI Mariner'
varied considerably over short periods of time, but we recorded levels from

133 dB at 60 km to 110 db at 75 km. Transmission loss could not be modeled

because data were recorded sporadically at different places and times.

Tarsiut Island was a caisson-retained artificial island in 23 m of water
off the Mackenzie Delta. During two visits by 'Sequel’, there were always
four or more workboats, barges and tugs in the viecinity. Drilling had been
completed before Greene's first visit on 6 August, but different activities

contributed to varying noise levels. Sounds from pile driving using a
vibrator on the opposite corner of Tarsiut from “Sequel's” position were not

identified. At 1.l km on two occasions, band levels for 10-500 Hz varied
from 126-133 dB//1 pPa and there were several strong tones (e.g., 55 Hz at
113 dB, 115 Hz at 116 dB, and 132 Hz at 119 dB). At 0.46 km, the 10-500 Hz
band level was 119 dB and the strong tones were 91 Hz at 104 dB and 121 Hz at
112 dB. It is not known which of the various noise sources in the area was
responsible for each of these tones. Noise recorded 18.5 km west of Tarsiut
3 h later was generally indistingishable from natural ambient noise-—the
10-500 Hz band level was 104 dB or 15 dB lower than 0.46 km from Tarsiut.

Drillship 'Explorer I' was not drilling during visits by 'Sequel', but
other drillship sounds were recorded at two short ranges. Water depth was 17

m and the ship was 18 km from Tarsiut Island. While the drillship was



'logging', Gre
m. The noise
dB, 211 Hz at

level was 113

Sonobuoy
ITI' while dri

Sounds of the hopper dredge

water were recorded at a range of 1.5 km.

dB. ' Underway
129 dB. Whil
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standardized

'Gateway' dump
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ene measured a 10-500 Hz band level of 125 dB at a range of 170
spectrum included several strong tones,-including 88 Hz at 112
118 dB, and 501 Hz at 108 dB. At 610 m, the 10-500 Hz band
dB and the strongest tone was at 88 Hz, 103 dB. ‘

recordings at ranges of 11 and 18.5 km from drillship 'Exploref

11ing showed no evidence of machinery noise.

'Gateway' dropping her load in 12 m of
The 10-500 Hz band level was 129
mpty at a range of 1.06 km the level in the same band was also

L stopped and not dumping at range l.5 km, tﬁe 10-500 Hz :band

dB. Hopper dredge 'Geopotes X' picking up a load at a range of

ed a 10-500 Hz band level of 141 dB. We estimated that, at a

‘ange of 1 km, 'Geopotes X' dredging was 5 dB noisier than

ing (in the 10-500 Hz band).

The projected drillship sounds during the highest-level playback

. experiment ach
km, the 10-500

dB. Based on

ieved a maximum source level of 164 dB//l'PPa—m.
Hz band level was 109 dB and the dominant 275 Hz tone was 103

At range 2

the drillship transmission loss model developed in 1981 for

this tone, a level of 103 dB would be expected at a range of 7 kn from the

actual drillsh

Dist

ip, and a level of 117 dB would be expected at range 2 km.

The reporx
reviews the di
recent years a

attributable t

Detailed
Sea have been

August to mid

ribution of Bowheads and Industrial Activity, 1980-82

t with this title (Richardson, Davis, Evans and Norton 1983a)
stribution of bowheads summering in the eastern Beaufort Sea in
nd discusses whether there have been any distributional'changes

o oil exploration.

data on bowhead distribution in most of the Canadian Beaufort
collected only since 1980, and only from late July or early

September. . Sightings during the various studies conducted

within this period are compiled onto a series of maps, one or two per 10-d

period.

Surv?y routes are also shown on. these maps. Previously unreported
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distributional data from this and other LGL studies in 1980-82 are included,
along with results compiled from all available reports by ourselves and

others.,

Industrial activities are also mapped. For each 10-d period, one map
shows the sites of offshore drilling, dredging, etc., along with the
approximate number of boat trips along each route. Another map for each 10-d
period shows seismic lines shot during the period, plus locations of low-
energy sounding. A third type of map shows helicopter traffic and ice
conditions during the 1-10 and 22-31 August periods. We use the phrase 'main
industrial area' to refer to the fegion off the Mackenzie Delta where there
is island construction, drilling, dredging, and intensive support traffic via

boat and helicopter.

In 1980, bowheads were more numerous close to shore than in the
Subséquent two years. Around 2 August, many moved into shallow waters off
the central Mackenzie Delta, the main industrial area. Some were within 5 km
from the island construction operation at Issungnak. Whales were scarce
farther east off the Tuktoyaktuk (Tuk) Peninsula in early August, but moved
into that area of lesser industrial activity in mid August. By late August,
very large numbers were widely distributed off the Tuk Peninsula, many in
water <20 m deep. Numbers off the Delta were somewhat reduced, but still
high. Previous to late August, there was no survey coverage west of the
Delta; in late August at ieast a few whales were present north of Herschel
Island. In early September, fewer whales were found off the Tuk Peninsula,
and they were farther offshore. Numbers off the Delta were much reduced, but
whales were seen regularly near Herschel Island. Bowheads were first seen in

Alaskan waters on 4 September.

In 1981, survey coverage was more comprehensive and most bowheads
remained farther offshore. 1In late July, most were either far offshore in
pack ice or in Amundsen Gulf. 1In early August many moved south onto the
outer continental shelf off the Mackenzie Delta, with lesser numbers off the
Tuk Peninsula. None were seen near Issungnak where whales were abundant in
early August 1980, In mid August the whales were more evenly distributed
from Herscﬁel Island to Cape Bathurst, mainly in waters >50 m deep, but there
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latter animals |were <10 km from an artificial island and drillship. In early

was a-concentrrtion in shallower water off the central Delta. Some of the
September, most bowheads were still in Canadian waters, with many off the Tuk
Peninsula and Herschel Island and lower densities elsewhere. The first

sighting in Alaskan waters was on 7 September.

In 1982, most bowheads were far enough offshore or west to be outside
the main industrial area. In early August, the only sightings in the
Canadian Beaufort Sea were on the outer shelf off the western Delta and

Yukon, and many were moving west. Some bowheads were seen in the Alaskan

Beaufort as early as early August. In mid August, there was a major
concéntrationVAear Herschel Island, with low densities off the Delta and Tuk
Peninsula. In late August, many bowheads remained off Herschel Island;
others were along the shelf break off the western Delta and on the outer
shelf off the eastern Tuk Peninsula. In early September, many were étill near
Herschel 1Island, with a few on the outer shelf off the Delta and Tuk

Péninsula.

Most of the Canadian Beaufort Sea was not surveyed for bowheads before
.1980. However, a longer series of data is available for the area of most
intense industrial activity .off the eastern Mackenzie Delta. Island

construction and traffic to drillships farther north have occurred off the

Delta each summer since 1976, and seismic exploration since 1971. 1In 1976

and 1977, maJy bowheads entered shallow waters off the Delta in early

August. They did not do so in 1978 or 1979. Many whales occurred off the

eastern part of the Delta in 1980, but few were there in 1981 and almost none

in 1982. Given the reappearance of many whales off the Delta in 1980, there

is no clear trend for decreasing numbers in that small area. For other parts

of the Canadian Beaufort Sea, the lack of data from years before 1980 makes

it impossible to assess whether the 1981 and 1982 distributions were unusual.

In 1980, [1981 and 1982, seismic exploration bccurred over much of the
Canadian Beaufort Sea —-- both within and beyond the main industrial area.
Numerous bowheads were in areas ensonified by seismic noise in 1981 and 1982

as well as in 1980.
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Whether or not industrial activities affect bowhead distribution in
summer, bowhead movements probably depend strongly on the distribution an&
abundance of zooplankton. Factors affecting zooplankton in the eastern
Beaufort Sea are poorly known, but probably include the variable volume and
movement of fresh water from the Mackenzie River, and hydrodynamic phenomena
at the shelf break and the ice edge. The variable distribution of ice
probably also has direct effects on whale distribution.
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ABSTRACT

of bowhead whales was observed from an aircraft during 14 of 27
period 1-31 August 1982, mainly in the south-central Beaufort
of Herschel 1Island, Yukon, Canada. Detailed behavioral
ere made while we circled over whales for 36.5 h, at distances
N;W.T.- The

during 60% of the observation time

mately 200 km from home base at Tuktoyaktuk,
'presumably undisturbed’
are described 1in the

these observations of 'normal behavior'

This represents the third consecutive year of detailed

behavioral observations of bowhead whales in the eastern Beaufort Sea in

summer, and be

years.,

havioral data were gathered in similar fashion during all three
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During August 1982, most observations were of bowheads near the edge of
the continental shelf in water >100 m deep. Whales dove for long periods,
socialized little, and apparently spent much time feeding in the water
column. This behavior was broadly consistent throughout August, although
isolated instances of soclalizing and play activity occurred as well.
Behavior was less variable than in 1980-81. In 1980, whales were often in
shallow water close. to shore, and appeared to feed in several different
ways——at the surface, in the water column, and near the bottom. In 1981,
most whales were in intermediate depths between the shallow water of 1980 and

the deep water of 1982, and behavior was also more varied than in 1982.

Social interactions——nudges, pushes, chases, and close proximity--were
observed much less often in 1982 than in 1980-8l1. No difference in the low
level of socializing was noted from'week to week, and all observed social-
izing was from 16:00-20:00 MDT. 1In 1980-81, there was less social activity
late in August than earlier, and the peak of social activity bridged sidereal
noon (15:00 MDT). No sexual interactions were recognized in 1982, although
four chases may have been related to sexual activity. Aerial activity
occurred sporadically and at low frequency throughout August. Three lone
whales were seen breaching, and two presumed mothers tail slapped and flipper
slapped while separated from their calves. A whale was seen playing with a
log for 1.5 h; seismic noise was present at this time. A calf played within
a line of surface debris for 12.3 min, and another calf played for 22.3 min
within water.marked by green dye. Both calves were alone at the surface

while their mothers were présumably feeding below the surface.

In 1982, we found no synchrony in orientations of presumably undisturbed
whales spread over a large area. However, during two flights when
appropriate data were gathered, there was synchrony in surfacing and diving

between groups of whales >75 m apart.

Some whales were recognizable by distinctive features such as unusual
white pigmentation, or scars and marks on the back. This allowed us to
identify individuals for up to several hours within a single observation

session, but we obtained no known resightings between days in 1982.
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Intervals | between blows, number of blows per surfacing, durations of
surfacings, and durations of dives were measured 894, 77, 91, and 80 times,
respectively, or whales that were apparently undisturbed. As in previous
years, the interval between blows was the most consistent of the four
variables over|the season. The mean was 14.9 + s.d. 8.66 s (n = 794) for
non—calvés, and was significantly higher than in 1980-81. Blows per
surfacing and Jurations of surfacings were highly correlated, and the mean of
7.4 + 5.11 blows per surfacing (n = 58) for non-calves was also higher than
in 1980-8l. The mean duration of surfacing was 2.05 + 1.320 min (n = 70) for
non-calves, almost twice as high as in 1980-81. Dive duration showed the
greatest increase over previous years, however. The mean was 12.08 + 9.153

min (n = 51) |for non-calves, about four times higher than that recorded
during 1980-81.

The interval between blows was slightly longer and the number of blows
per surfacing was slightly lower for calves than for non-calves. The number

of blows per |surfacing may have been biased by failure to detect some

inconspicuous blows by calves. However, surface time was also shorter for
calves than fLr non-calves. The calf vs. non-calf difference was less
in 1982 than in earlier years, since in 1982 several calves spent much time
at the surface, apparently waiting while their mothers fed in they water
column. The clearest difference between calves and non-calves was in dive
time: 6.82.1_ ede 5.715 min (n = 29) for calves, or about ome-half of the
non~calf mean value. This was consistent with calf dive times relative to
non—calf dive |times in earlier years. During 1982, mean durations of dives
by calves were|four times longer than in 1980 and seven times longer than in

1981,

The-numbir of blows per surfacing and the duration of surfacing were
correlated with the durations of preceding and subsequent dives. The mean
blow rate, or|number of blows/min over a complete surfacing/dive sequence,

was 0.70 + s.d. 0.470 blows per min (n = 25 blow rates by 10 whales). Blow

rates were generally higher in active whales than in inactive whales, and

therefore appear to be good indicators of activity level.
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Several factors were related to surfacing-dive~respiration character—
istics. ° In 1982, the mean number of blows per surfacing, duration of
surfacings, and duration of dives were all greater for whales in water >100 m
deep than for whales in shallower water. There was no clear diurnal trend in
any of the surfacing-dive-respiration characteristics. Maternal females and
their calves blew at longer intervals than other whales, and the number of
blows per surfacing was significantly lower for calves than for all other
non-maternal whales. Number of blows per surfacing by maternal females was
intermediate between the 1low value for calves and the higher value for
non-maternal whales, The pattern of dive lengths différed from that of
previous years. Mothers and calves dove for shorter lengths of time than did
other whales, while in 1980-81 mothers made the longest dives. Calves dove
for shorter periods than did any other whales. None of the characteristics
differed significantly between socializing and non-socializing whales, but
there was a trend: number of blows per surfacing, duration of surfacing, and
duration of dive were all somewhat greater in non-socializing whales than in
socializing whales. We believe that the non-socializing whales were mainly
feeding below the surface, and that the longer cycle of surfacings and dives

in non~socializing whales was a result of such feeding.

Calves were encountered alone on the surface on four separate occasions,
and these accounted for 40%Z of calf observation time in 1982, When calves
were with their mothers, they often submerged toward the mother's teat region
for brief intervals, presumably to nurse. During apparent nursing, calves

usually blew only once between submergences.

Sounds of bowheads were analyzed from 30.6 h of sonobuoy tapes. The
majority of sounds (90%) were low, tonal, frequency modulated (FM) calls
similar to the sounds of southern right whales produced in long-distance
contact situations. Loud low FM calls were heard especially well on one day
when a mother and calf were about 375 m from each other, and this observation
provides our best indication for . acoustic communication between mother and
calf. Complex calls heard in 1981 while whales were actively socializing
were recorded much less often in 1982. The number of sounds recorded was
much greater than during earlier yeérs, and the rate of low FM calls

increased by a factor of about 16 times over the rate in 1980-81. We
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hypothesize that loud low FM calls may have been more predominant in 1982
Also,

deeper water where most whales were observed during 1982 may have increased

because whales jusually were farther apart than in earlier years. the

the range of detectability of sounds.

Whales were at times encountered in 1-40% ice (we usually did not fly

over thicker ice cover). About 75% of the whales in ice showed little or no

noticeable surface activity, and a low blow rate. We hypothesize that low
activity in ice may be due in part to the generally calm water found -among
ice, although lt present we have no proof for this assertion. Whales avoid

ice ddring forward motion by diving under it rather than going around it.

Ringed seals, white whales, gulls, terns, and phalaropes were occasion-

ally seen near bowhead whales. Birds may have been feeding on prey stirred

up by the whales, although we have no direct evidence of this. One gray

whale was observed on 18 August 1982, feeding as close as 500 m from the
nearest bowhead‘whale, but. no interaction was observed between the gray whale

and bowhead whales.

Bowheads,

similarities in social activity and some feeding behaviors.

shown that the
year.,

Beaufort Sea 1

Al askan Beaufa

summering and

qualitative,

different areas, not differences in types of behaviors.

in comparing s

Most of

i

right whales, and to a lesser degree gray whales, exhibit
Our study has
behavior of bowheads in summer is highly variable from year to

the socializing and feeding repertoire seen in the Canadian
n summer has also been observed in migrating bowheads in the
rt Sea in spring and fall. The main differences between
migrating bowheads appear to be guantitative rather than
., different relative frequenciesf#of behaviors in the two
| Caution is necessary

urfacing-dive-respiration characteristics recorded during this

study with published results on bowhead whales in different areas (often

based on data

from different vantage points). Nevertheless, there are broad

similarities, with differences apparently due ﬁainly to the greater émount of

time. spent traz

velling in spring and fall than in summer.
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INTRODUCTION

This study was a continuation of the research on the normal, undisturbed
behavior of the bowhead whale, Balaena mysticetus, which was conducted in the
summers of 1980 and 1981 and presented by Wirsig et al. (1982). As in the

previous two years, the observations of bowhead behavior in the summer of

1982 were conducted as part of a broader analysis of the potential effects om
these whales of offshore oil and gas exploration and development in the
Beaufort Sea. To interpret the 1982 studies of the possible effects of
industrial activities on behavior, it was necessary to examine the normal

behavior of bowhead whales during the same season.

As in the previous two years, the ‘mnormal behavior® study in 1982 was
one of several tasks comprising the overall study. The other tasks were
studies of the responses of bowheads to various offshore industrial
activities (Richardson et al. 1983b), studies of the characteristics of
waterborne industrial noise (Greeme °'1983), and an analysis of the
distribution of summering bowheads in relation to industrial activity from
1980 through 1982 (Richardson ét al. 1983a). Because the work in 1982 was
planned as a continuation of two previous years of study, frequént reference
will be made to the previous report on normal behavior (Wiirsig et al. 1982).
Detailed repetition of the results from 1980 and 1981 will be minimized. For
a review of previously existing knowledge of the behavior of bowhead whales,
see Fraker and Richardson (1980) and Wiirsig et al. (1982).

Objectives

The two main objectives of the 'Normal Behavior' task for 1982 were (1)
to provide a description of presumably undisturbed behavior immediately prior
to experimental disturbance trials, against which the results of these trials
could be interpreted, and (2) to brovide additional information about normal
behavior, with emphasis on aspects not studied in detail in 1980-8l.

Additional pre-disturbance, 'control’ information waé considered
essential because the 1980-81 studies showed that bowhead behavior 1is quite

variable. To recognize and evaluate disturbed behavior, it is desirable to
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of

by the absence of the source of presumed disturbance.

obtain observations 'presumably whales 1in situations

differing'only

undisturbed'

The second main objective of the normal behavior study in 1982 was, in

periods when studies of disturbance effects were not possible, to observe

behavior that had not been studied in
The topics to be emphasized in 1982

aspects of 'priesumably undisturbed'’

sufficient detail in previous years.

were the behavior of calves and their mothers, the behavior of bowheads when

in ice, and comparisons with migrating bowheads. An analysis of bowhead

important oﬁdective of the study, as in previous years, because

of the widely Lssumed significance of waterborne sounds to whales. 1In 1982,
since

sounds was an

detailed spectrographic analysis of bowhead sounds was de—emphasized,
previous work | appeared to have characterized the usual types of calls.
Instead, we emphasized measurements of the rate at which each type of call

was produced ig various behavioral contexts, and in the presence vs. absence

of industrial activity.

The gener
Background infc¢
the choice of
previous secti
and Wiirsig 198

no shore-based

Field worl
based at Tukto
- with facilitie
behavior were
observers had
consequently c
dropped from
boat~based obl
allowed us to

Observations o

behavior and have been excluded from this

t

Approach

al approach in 1982 was very similar ‘to that in 1980-81.
ormation concerning the rationale and design of the study, and
the eastern Beaufort Sea as the study area, is given in the
on 'Project Rationale, Design and Summary, 1982' (Richardson
3).

observations were collected this year.

The only major difference in approach during 1982 was that

i extended from 1-31 August 1982 and, as in previous years, was

yaktuk, Northwest Territories (Fig. 1), a coastal settlement

s for personnel, aircraft and boats. Observations of normal

conducted from the air and from a boat. Aircraft-based
the advantage of high mobility and a good vantage point and
ollected alﬁost all of the behavioral data. Sonobuoys were
he aircraft to allow us to hear and record bowhead sounds;
ervers had hydrophones for this purpose. Sonobuoys also

determine when industrial noises were present in the water.

f bowheads under such conditions may not represent undisturbed

'Normal Behavior' section.
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METHODS AND DATA BASE

Aerial Observations

previous two years, most of the behavioral observations were

air, from a Britten-Norman Islander aircraft based at

The Islander has two piston engines, high wing configuration,

, radar altimeter and forward-looking radar. The plane was

also equipped with an OnTrac VLF/Omega navigation system, which continuously

computed the
position. Pos
Omega systeﬁ.

aircraft in or
sources (detail
section, Green
connected to

‘through the sid

Qur usual

- circle over them as long as possible while making observations.

was lost, we searched for another group.

about which to

marker (1-2 te

position of the aircraft,

usually within 1.8 km of the real

itions and flight tracks were recorded manually from the VLE/

Sonobuoys (AN/SSQ-57A) were deployed and monitored from the
der to record waterborne sounds from bowheads and industrial
ls in 'Charécqaristics'of Waterborne Industrial Noise, 1982'
e 1983). A hand-held color video camera (Sony HVC-2000)
a portable videocassette recorder (Sony SL-2000) was used.

le windows to record oblique. views of bowheads.

strategy was to search until we encountered bowheads and then
Once contact
We created a fixed reference point
circle when bowheads were below the surface by deploying a dye

aspoons of fluoroscein dye in about 1 litre of water in a

plastic 'freezer'

of most periods

waterborne sou&ds.

"bag which burst on impact with the water). Near the start

of circling above whales, a sonobuoy was deployed to record

In 1982 we made 27 flights between 1 and 31 August, and we made

behavioral obs

exception of o

per day whenes

ver weather conditions permitted.

ervations of bowheads during 14 of the flights. With the

ccasions when the aircraft required maintenance, we flew twice

However, as in previous

years, inclement weather precluded useful observations on about half of the

days.
duration in 19
for 36.5 hours
either 1980

Flight duration per flight was typically 4 to 5.5 hours.

0

Total flight
82 was 122.1 hours, and we were circling over bowhead whales
The latter figure is higher than the corresponding value for

r 1981, despite the scarcity of bowhead whales close to

Tuktoyaktuk and the briefer field period in 1982 than in 1981.
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We wusually did not fly when wind speed exceeded 25 km/h; whales ai‘e
difficult to detect and behavior is not reliably observable in more severe
conditions. While searching for whales, we usually flew at 457 m (1500 f'!i:)
above sea level (a.s.l.), and at 185 km/h. While circling over whales, 'v;;ve
usually reduced speed to about 148 km/h. Bowheads rarely appeared to i)e
" disturbed by the aircraft when it remained at or above 457 m (sciae
'Disturbance'’ section, Richardson et al. 1983b). u

The distributions of bowhead sightings by 10-day periods in 1982, aﬁld
also in 1980-81; are given in an accompanying section (Richardson et al.
1983a). Bowheads were more difficult to locate in 1982 than in either of the
two previous years. Extensive reconnaissance flights during this and other
simultaneous projects in August 1982 showed that bowheads were almost totaliy
absent from the shallow waters off the Mackenzie Delta and Tuktoyaktuk,
Peninsula - where they had been 8o numerous in August 1980 and, to a lesser
‘degree, mid-late August 1981 (Richardson et al. 1983a). Although a f{aw
whales were seen elsewhere, all detailed behavioral observations in 1982 weJ::'e
obtained 175 km or more to the west and northwest of Tuktoyaktuk in watér
" 48-550 m deep, mainly off Herschel Island and far offshore from the westelz:'n
part of the Mackenzie Delta (see Fig., 1). ‘ ~

W

The aircraft crew consisted of four biologists and the pilot, all 'of:f
whom had considerable previous experience in locating and observing bowheéd
whales. The same five individuals comprised the aircraft crew during ail
flights 1in 1982. Three biologists were seated on the right side of tt:xe
aircraft, which circled to the right when we were obtaining behavioral
observations: As in 1981, biologists seated in the right front (cprilot'é)
‘seat and in the seat directly behind it were responsible for describit;lg
behavioral observations, which were recorded onto audiotape. Th;ll;.s
information was also, on most occasions, recorded onto the audio channel of
the videotape recorder. A third biologist, in the right rear seat, operatéd
the video camera during most periods while we circled above whales visible ét
the surface. That individual was also responsible for some record keepiné,
use of the radar to measure distances to industrial activities, and overail
direction of the work.e A fourth biologist, seated in the left rear sea{i,

searched for bowheads on the left side of the aircraft, launched sonobuoys

“
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the two previo
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s, and operated sound recording equipment. Contrary to the

behavioral observations were not transcribed onto papér

hts. The biologists and pilot were in constant communication

ered consistently fewer bowheads per flight in 1982 than in
At times it was difficult to assess their basic

ns, but we obtained consistent data in 14 categories:

1.
2.
3.
4,
5.
6.
7.
8.
9.
10.
11.
12.
13.

Duré

Location of sighting (and therefore water depth);

Timé of day;

Number of individuals v1sib1e in area; number of calves;
Indﬂvidually distinguishing features (if any) on whales;
Headings and turns of each whale in degrees true;

Distances between individuals (estimated in whale lengths);

tion of time at surface and sometimes duration of dive;

Timﬂng and number of respirations, or blows;

Mouth open or closed;

Underwater blow (releasing large clouds of bubbles underwater);
Defecation,

Socializing, and probable nursing by calves;
Aerial activity:

4

breaches, tail slaps, flipper slaps, lunges,

rolls;

14.

Descriptions of

In 1982,

recorded in earlier years:

Type of dive: fluke out, peduncle arch, pre-dive flex.

the behaviors mentioned above appear later in this report.

we looked for but did not see several other types of behavior

surfacing with mud streaming from the mouth, near-

surface skim feeding, and probable mating.

The 14 flights during which we made behavioral observations in 1982

are summarized

hour of day and water depth are presented in Figures 2 and 3.

in Table 1. The distributions of behavioral observations by

Observations

in 1982 were usually in deeper water than in 1980 or 1981.

The observation times in Figures 2 and 3 are divided into periods with

and without

observation areas.

are specifical

known potentia

disturbance ar
1983b).

e

et al.

known

1 disturbances.

sources of potential man-made disturbance in the

In this section of the report, with rare exceptions that

ly indicated, we describe only the behavior observed with no .

Data collected during the periods of potential

described separately in the 'Disturbance' section (Richardson

Whales were classified as ‘presumably undisturbed’ only if
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FIGURE 2. Hourly distribution of behavioral observation time from the air,
1-31 August 1982, Time spent over presumably undisturbed whales
is distinguished from time spent over potentially disturbed whales.
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FIGURE 3. Distribution of behavioral observation time from the air by depth
of water for 1982. Time spent over presumably undisturbed whales
is distinguished from time spent over potentially disturbed whales.
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the observation aircraft was at an altitude of at least 457 m (1500 ft)

a.s.l. and if no vessels or other industrial activities were close enough to
create detectadle waterborne sound. Some observations were .collected when
our 12-m boat | was nearby; the whales were considered to be presumably
undisturbed if| the boat had been drifting quietly with engines off for at
least 30 min. | In 1982, 36.5 h were spent circling over bowheads; 21.8 h
(60%) of this time was 'presumably undisturbed’.

The behavioral observations were transcribed from audiotape onto data
sheets during |periods of poor weather between observation flights. The
videotape was also examined at this time to provide additional details not
noted in real time. After the field season, these transcribed observations
were converted| into a standardized numerical format with one record per
surfacing or dive of each whale that was under detailed observation. These
records were hand-checked by a different individual and entered into a micro-
computer for subsequent computer validation, tabulation, and statistical

analysis. The |standardized data files now contain the following:

Year Surfacing Records . Dive Records Total Records
1980 562 223 785
1981 778 223 1001
1982 312 141 453

These counts include both presumably undisturbed .and potentially disturbed
whales. The low numbers of records for 1982 are only partly a reflection of

the difficulty in locating bowheads in 1982. 1In addition, whales tended to

be found in smaller groups in 1982 than in previous years and tended to dive

for longer periods. Both of these differences in behavior resulted in fewer

records of surfacings and dives per hour of observation.

Methods of analysis of bowhead sounds recorded via sonobuoys are

described in the 'Bowhead Sounds' section of the results, below.

Boat-Based Observations

Behavioral observations were again made from the 12-m diesel vessel
'Sequel' based |at Tuktoyaktuk. The 'Sequel' could travel at a maximum speed

of about 13-15 km/h and required about 24 h to travel from Tuktoyaktuk to the
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usual locations of bowheads in 1982. The boat crew consisted of one
biologist making behavioral observations, one acoustician to obtain
underwater recordings and to play back industrial noise, and the captain.
Because behavioral observations from the boat pertained mostly to
experimental disturbance trials, they are detailed in the ‘Disturbance’

section of this report.

RESULTS AND DISCUSSION

Descriptions of Behaviors

Surface~dive Sequence

While migrating, bowheads dive for 1long periods. Carroll and
Smithhisler (1980) observed a mean dive time in migrating bowheads of 15.6 +
Sso.de 5.0 min, n = 63. Migrating bowheads intersperse these long dives with a
series of short dives punctuated by brief surface stays when the whales
respire. Rugh and Cubbage (1980) reported for migrating bowheads a mean
duration of 17.9 + s.d. 2.3 s, n = 145, for the short dives and 6.1 + s.d.
0.5 s, n = 112, for the brief surfacings. The long dives are often called
sounding dives, while the shorter dives in between the brief surfacings for a

breath have been called series dives (Rugh and Cubbage 1980).

In the Beaufort Sea in summer, the surfacing and dive behavior of
bowhead whales is somewhat different. The whales spend much time feeding and
socializing and relatively little time travelling (Wirsig et al. 1982).
Their sounding dives may be short or long, depending on their activity, but
the intervening time at the surface for respiration is less often punctuated
by short series dives. That is, when whales come to the surface after a long
dive, they wusually respire several times before diving again. In our
analysis, therefore, we describe only one kind of dive, the deep or sounding
dive. If a whale remained visible from the air, we did not consider its
surfacing to be interrupted by shallow dives between blows. Thus, we ignored
many of the shallow submergences that observers working from low vantage
points on ice, shore, or boat would have called series dives. Nonetheless,

we did record many brief submérgences as dives, since whales often
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important to understand the effect of vantage point on the interpretétidn of
surfacings and| dives and to take care when comparing'data collected from

different vantage points.

Blow

A blow is an exhalation of air by a whale, and it can occur above as
well as below |[the surface. Underwater blows were rare in 1982, and most
surface blows were probably immediately followed by an inhalation. Blows may
be forceful and highly visible aé a white cloud, or they may be so weak as to
be undetectablL. Blows of calves can be especially difficult to see, and we
may have misse& some blows of calves in spite of careful observation through

binoculars. Only once in 1982 did we notice two separate jets to a blow,

appearing first from one nostril and then the other.

The detejtability of blows depends in part on the amount of water
collected around the blowholes. The first blow after a surfacing usually

appears very strong, probably because it is a forceful exhalation and because
of the presencL of water above the blowholes just after surfacing. On calm

-

days and when| whales lie at the surface with the blowholes exposed, the

blowholes are relatively dry and blows may be especially difficult to detect.

Pre—-dive Flex

The pre-dive flex is a distinctive concave bending of the back seen

about 3-7 s before many dives. The whale flexes its back by about 0.5 to 1

. m, so that the snout and tail disrupt the surface, and considerable

whitewater is |created at these two points, The whale then straightens its

back and lies momentarily still before arching the back convexly as it begins

its roll forwards and down. . The pre-dive flex is seen from low vantage

points as an abrupt lifting of the head, since the flukes apparently only

touch the water surface from below.

During 1982, pre-dive flexes occurred in presumably undisturbed non-
calves before| 32 of 132 dives (24.2% of the time), with this behavier
occurring more often later in the month of August than earlier (Table 2).

Dives following pre-dive flexes were, on the average, about twice as long as
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Table 2. Incidence of dives preceded by a pre-dive flex among presum— '
ably undisturbed non-calf whales early and late in August, 1982. The
frequency of occurrence is significantly higher after 19 August (chi-
square = 4.29, df = 1, 0.025¢p<0.05). o

Up to After I
19 August '82 19 August '82 Total

Dives with pre—-dive flex 9 23 32
Dives without pre—-dive flex 49 51 100 5
Total . 58 74 132 !

dives without pre-dive flexes (pre~dive flex dive mean = 19.00 + s.d. 7.8%7
min, n = 13; no flex dive mean = 10.15 + s.d. 7.465 min, n = 36); tﬁe
difference was statistically significant (Mann-Whitney U = 97.5, p<0a013°
Five dives were preceded by two pre-dive flexes, with the flexes separated %y
a blow, and two dives were preceded by three flexes. We have no data on tﬁe

durations of the dives that followed these multiple flexes. p

i

Dive !

During the dive, which can at times be predicted by the pre-dive fle%,
the whale makes its body convex and pitches forward and down. If the angle
of submergence is steep, the tail is usually raised above the surface; if
not, the tail may remain below or just touch the surface. Rarely do bowheaés
sink down without visibly arching the back. T

The duration of a dive was measured from the time a whale left tﬁe
surface to the time it returned to the surface. When a whale sank below tae
surface but remained visible, the incident was scored as a dive if the whaie
remained below the surface for >l min, but not if it resurfaced withinzl

min. Dive durations when whales disappeared could only be measured when we

identified the whale by its body markings both before and after the dive.
Fifty-nine of 138 dives (42.8%) were preceded by raised flukes. Of the

32 dives preceded by one or more pre-dive flexes, 21 also showed rais%d

flukes. These two pre~dive behaviors occurred together more frequently th%n

W
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p<0.05, df 1). It is,
little surprise to find that dives with raised flukes were

ted by chance (chi-square = 3,94,

longer than those not preceded by raised flukes (raised flukes
.67 + s.d. 9.966 min, n = 12;
956 min, n = 38; Mann-Whitney U = 114, p<0.01).

flukes not raised dive mean

no difference in duration of surfacing for surfacings with and
flukes. Surfacings including pre—dive flexes tended to be

pre-dive flexes (3.09 + s.d. 1.038 min, n = 14,
F4 min, n = 52; t 3.50, df 64, p<0.001).

.ationship between these pre-dive behaviors and water depth.

There was no

oving rapidly at or.slightly below the surface often leaves a
lar surface disturbances representing the locations where the
direction from their upward to their downward swing. These
are seen in
whales when they are swimming close to the surface and can be
the number of strokeévthe whale uses to propel itself a given
bowheads, each tail beat near the surface propelled the animal

roximately one whale length, or about 15 m.

Aerial Activity

Aerial ac
tail slapping,
while creéting
1982 for a mo

tivity in bowheads consisted of breaching, forward lunging,.
pectoral flipper slapping, and rolling actively at the surface
whitewater with the body or extremities (see Wiirsig et al.
In 1982,

re thorough description). there was little aerial

activity; it is described in a later section.

Social Interact

2ions

Behavior was termed social when whales appeared to be pushing, nudging,

or chasing ea@h other or when they were within one-half body length of one

another.

whales were le

This definition combines both active socializing and times when

ss active but closely aggregated. We recognize that animals
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far apart could have been interacting by sound, but we have no way of
evaluating such communication at present, and therefore do not include it as
socializing here. Interactions between mothers and calves and between whales
skim feeding in close proximity (e.g., in echelons) were not considered to be
instances of socializing for our analyses and were treated separately.

Details of social behavior are given in a later section.

Adult-Calf Pairs

Calves of the year are a light tanm color, distinct from the dark black
of non-calf bowheads. An adult that remained close to a calf was assumed to
be the calf's mother. For the closely related southern right whale

(Eubalaena australis) in winter, Payne and Dorsey (in press) found that in

unambiguous adult-calf pairs, the adult was always a female and that
identified calves were always seen with the same individual female. At times
we saw apparent nursing as calves submerged briefly, oriented toward the teat
region of the adult. In 1982, we made longer observations of calves than in
either 1980 or 1981.

The relative lengths of six calves measured from videotape sequences
recorded during August 1981 were a mean of 0.57 + s.d. 0.052 adult body
lengths (Wirsig et al. 1982). Many of the calves we observed in August 1982

appeared to be smaller. This is corroborated by the fact that the lengths of
calves measured from calibrated vertical photographs obtained by other LGL

personnel in August-early September 1982 were 4.1-7.6 m, or 33-45% (mean 41%)
of the length of the accompanying adult (Davis et al. 1983). It may be that
births in 1981 occurred earlier than in 1982,

It is easy to identify a calf as young—of-the-year when it is beside an
adult. When calves are alone, however, as they were often encountered in
1982, it is more difficult to recognize them as young-of-the-year, since the
adult is not visible for size and shading comparisons. Behavior of calves

and accompanying adults will be described in detail below.

]
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Feeding Behaviors

Bowheads Jave been seen skim feeding at or just below the surface, and
near-bottom feehing has been suggested when bowheads surface with muddy water
emanating from| their mouths. Water-column feeding is hypothesized when
whales dive for long periods of time and stay at the surface for only the
relatively brief time necessary to complete a blow sequence. A fourth
possible féeding type, termed mud-tracking, probably represents whales
churning up bottom sediment incidentally while they feed in shallow water.

Wiirsig et al. (1982) provide more detailed descriptions of these behavibrs.

During 1982, little direct evidence for feeding was noted. We saw no

skim feeding at the surface, and only noticed nine isolated instances when a

whale's mouth appeared to be open slightly. These brief, slight openings of

the mouth contrast sharply with .the sustained large gapes observed in 1980

and 1981, where the lower jaw at times hinged open up to an angle of about
60° from the uéper jaw. It 1s likely that an occasional open mouth does not
represent feedﬂng. In southern right whales, Payne (in press) has observed
mouth opening that he interprets as yawning following sleep.

We saw only one case of defecation (by a lone whale playing with a log)
in 1982, Because we can only observe defecations by whales at the surface,
we compared the rate of defecation in each year in reference to the number of
whale-hours of lobservation at the surface. 1In 1982, there were about 0.09
defecations per whale-hour at the surface, as opposed to 0.73 in 1981 and

2.29 in 1980 (chi-square = 27.58, df = 2, p<0.001):

. # defecations Whale~hours Defecations
Year seen of observ.* per whale-h
1980 23 10.03 _ 2.29
1981 11 14.98 0.73
1982 1 | 10.95 0.09

* Including only periods when whales were visible at surface.

Since whale-hours of observation refer to the amount of time whales were
observed at the surface, this decrease in observations of defecations could

result either from decreased defecation (indicative of less feeding) or from
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an increasing tendency to defecate under the surface where we could %ot
bbserve it. During 1982, dives were longer than in the two previous yeérs
(see ‘Duration of Dives' section), and we suspect that much waterécolﬁmn
feeding was taking place.
il
Underwater blows, seen with high incidence in 1980 and suspected toéﬁe
{
in some way related to feeding (Wiirsig et al. 1982), were seen only six times
in 1982. |

il
|

Whales tended to be in deeper water in 1982 than in previOus. yeirs
(Richardson et al. 1983a), and it 1is not surprising that their behaviors ind
possible feeding appeared different in different ecological situatio%s.
Lowry and Burns (1980) found mainly copepods and euphausiids in the stomaébs
of five bowhead whales taken in early fall from the Beaufort Sea fo
northeastern Alaska. These 1invertebrates are known to be abundant Fat
midwater in many areas of the near-shore Beaufort Sea (Griffiths and Buchagan
1982). Although we have no proof, it is probable that whales were feeding?@n

midwater invertebrates in August 1982. !

Play Behaviors :

Although many social interactions might include play behavior, we é?n
not always distinguish low levels of mating activity or aggression fﬁom
play. For this reason, we have scored as play behavior only those incideﬁts
where whales spent some time at the surface associating with an object other
than a conspecific. During 1982, we saw such apparent play behavior
performed by one 'non-calf' as it directed its attention at a log for 8f§7
min, and by two separate calves as they interacted with a windrow of deb{is
and with water discolored by one of our fluoroscein dye markers. The'se
incidents are described in detail below in the section 'Behaviors Not hn

Regular Surface/Dive Sequences'. . f

Recognition of Individuals

:
!

Except in their first few months of 1life, bowhead whales are usuaﬂﬁy
.black or dark gray with white chin patches. Many individuals also hé&e

smaller white dots or lines (some of these presumably from healed scars) bn
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nd a variable amount of light skin on the taill peduncle and on
f. Davis et al. (1982, 1983) showed that clear photographs

allowed for identification of many individuals.

In the pr
from distinctix
were thus able
obtain the cle
over more than
a single iden

extensive chin

behind the blowhole.

several minute

In 1980,

original sight
1982). We hav
be obtainable

-esent study, we were often able to identify whales by sight
e chin patch shapes or white marks on the back or tail, and we
to determine dive durations for these individuals. We did not
ar photographs necessafy for re-identification of individuals
one flight.
tifiable whale lasted 3.5 h and involved a whale with an

patch and a small, white spot (about 30 cm diameter) just

In 1982, our longest sequence of observations of

Many other whales were recognized for periods of

to 2 h in a similar manner.

two adults and a calf were reidentified about 100 km from the
ing area two weeks after they were first seen (Wirsig et al.
e no other data on group stability, but such information would

from a concerted effort to photograph bowhead whales for

purposes of individual identification.

Southwell

subsequent years in similar areas off Greenland.

(1899) reported that whalers recognized some bowhead whales in

His report tells us nothing

about individu$ls staying together, however.

Respiration and Surfacing Characteristics

Four characteristics of a surfacing 1lend themselves to repeated
quantitative sampling; the interval between blows in a surfacing (blow
interval), the number of blows per surfacing, the length of surfacing

(surface time)

will discuss ¢

and the length of dive between surfacings (dive time). We

ur data on these variables in some detail. Because they are

comparatively easy to assess quantitatively, they are suitable for use in
analysis of presponses to disturbances. A detailed understanding of
respiration and surfacing behavior under undisturbed conditions 1is a

prerequisite for interpretation of the disturbance responsese.




k1

Normal Behavior 50

The measurement of each of these four quantities depends upon how a

surfacing and a dive are defined, so we will first review the definitions and
conventions that we used for this analysis. A surfacing was defined as tﬁe
period of time when a whale is at the surface or visible just below the
surface. Thus, the shallow 'dives' that often occurred for a few seconhs
between blows were not counted as dives or as interruptions of a surfacing br
of a blow interval. On rare occasions a whale remained visible just under
the surface of the water for periods of up to several minutes; we consider%d
those occasions to be dives if they exceeded an arbitrary minimum of 60 é.
Aerial ©behavior presents certain difficulties for the definition Qf
surfacings and dives. We considered a breach to be an abnormal surfacing éf
uncertain duration; we excluded breaches from our surfacing analysis. §A
breach was considered to represent the end of a preceding dive and the start
of a subsequent dive. Tail slaps and flipper slaps were not considered to be
interruptions of a surfacing if the whale remained in sight. The ability %o
see a whale just under the surface of the water depends on the vantage poiét

from which the observations are made; thus, some of our definitions would n@t

i
%

be appropriate for observations from shore, ice, or a boat.

Calves present a special situation. Because of their small size, théy
are much more difficult to observe than are adults when just under t%e
water's surface. Nursing involves such shallow dives. In 1982, we observ%d
several presumed nursing bouts, and we felt that these merited somewh;t
different treatment than did the shallow dives of adults. We decided to
analyze observations of calves separately and will present that analysis
after consideration of the non-calf observations. The remainder of this
section considers undisturbed whales excluding calves, i.e. all adults agd
the few obvious subadults (probably yearlings) that we observed. The 1952
results are presented in detail. In addition, we have, for consistenc;,
re—analyzed the 1980-81 data excluding calves, and we summarize those resulés

in the Appendix. :

4

In 1982, we measured the blow interval, number of blows per surfaciné,
surface time, and dive time for undisturbed non-calves 794, 58, 70, and %l
times, respectively. Figures 4 through 7 present the frequency distributions
of these observations. Figures 8 to 11 present the mean value for each éf

i
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these four variables during each of our observation flights. Table 3

summarizes each of these variables for 1982.

Blow Interval

As in the two previous years, the interval between blows was the most
consistent of the four variables among flights and dates (Fig. 8), and the
frequency distribution for blow intervals in 1982 (Fig. 4) was very similar
to that obtained in the two previous years (Wiirsig et al. 1982, Fig. 8). The
mean blow interval in 1982, however, was significantly longer for all
undisturbed non-calf whales (mean = 14.9 + s.d. 8.66 s, n = 794, range = 3 to
158 s) than it was among the comparable group of whales from 1980 and 1981
combined (mean = 12.9 + s.d. 8.32, n = 2028) (t = 5.52, df = 2820, p<0.001).

Blows per Surfacing and Duration of Surfacing

The mean number of blows per surfacing (Fig. 9) and the mean length of
surfacing (Fig. 10) in 1982 were more variable among dates than was the mean
blow interval. This was also the case in 1980 and 198l. Because of the
relative stability of blow intervals, the number of blows per surfacing and
the length of surfacing were very highly correlated in 1982 (see Fig. 12), as
in previous years. Both of these variables were significantly higher in 1982
than in 1980 and 1981 combinedo Thus, while the mean surface time for
non-calves in 1980 and 1981 was 1.12 + s.d. 0.756 min (n = 298), in 1982 it
was almost twice that value -- 2.05 + s.d. 1.320 (n = 70, range = 0.13 to
6.42 min) (t = 7.84, df = 366, p<<0.001). And while the mean number of blows
per surfacing for non-calves in 1980 and 1981 combined was 4.3 + s.d. 2.91
blows (n = 264), in 1982 it was 7.4 + s.d. 5.11 (n = 58, range = 1 to 19) (t
= 6025, df = 320, p<<0.001).

Duration of Dives

We have previously indicated that our estimates of mean dive duratién
are biased and are underestimates of the real mean duration (Wirsig et al.
1982) . The bias occurs because the difficulty in finding and-recbgnizing a
whale on re-surfacing increases with increasing length of dive. Long dives

are especially difficult to document when numerous whales are in the area.
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-ii
In 1982, conditions for measuring durations of long dives were bettFr
than in previous years because often we were circling over only one or t%o
animals and could be certain that we had not missed any surfacings. Thus,
the unavoidable sampling bias in favor of shorter dives was weaker in 19%2
than in 1980 and 198l. In addition, the whales appeared to be making few?r
short dives and more long dives in 1982. These results are apparent in tbe
frequency distribution of dive durations in 1982 (Fig. 7), which as
considerably less skewed toward short dives than it was in 1980 and 19?1
(cf. Wirsig et al. 1982, Fig. 11). However, the distribution shown in Figu}e
7 is still sufficiently different from a normal distribution to make ?t
necessary again to compare dive times non-parametrically. i
The overall mean dive time for non-calves in 1982 was 12.08 + s.d. 9n1$3
min (n = 51, range = 0.13 to 30.98 min), almost four times the value for 19?0
and 1981 (3.43 + 4.715 min, n = 105). 1In 1982, 10 of the 51 dives (19,6?)
exceeded 20 min in duration; in 1980-81, none of 105 dives were that 1oné.
As explained above, we feel that this increase is partly due to a change ;n
the behavior of the animals with respect to previous years and is partly dLe

to better conditions for recording durations of long dives. |

b
Each surfacing of a whale has, of course, a dive before it and a dive

1]

after it, and the length of the subsequent dive was strongly correlated wi?h
the length of the previous dive (Fig. 13). This indicates that a whale tenés
to make a series of dives of similar length rather than alternating sho%t
and long dives. Both the number of blows per surfacing and the length ;f

surfacing were highly correlated with the length of the preceding dive a?d
also with the length of the subsequent dive (see Figs. 14 to 17). We did not
have enough data to determine whether the dive preceding or the di%e
following a surfacing was more closely related to the 1length of th%t

surfacing and the number of blows.
Blow Rate i

The blow rate, or number of blows per unit of time, was calculated in
1982 as a new quantitative measure of respiration and surfacing,. This
variable was calculated by dividing the number of blows during a complege

surfacing by the sum of the durations of that surfacing and the subsequeét
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dive*. The resulting number of blows per minute is a function of the surfa%e
time, dive time, and number of blows per surfacing, and provides a varlable
that describes the respiratory activity of a whale during a longer period of
time than any of the constituent variables considered separately. We
suspected that this variable might be especially useful as an indicator bf
disturbance. Unfortunately, the sample sizes for blow rates are considerabiy
smaller than those for the other variables because blow rate can only be
calculated when complete information is available for a surfacing and t%e
subsequent dive. , |

The mean blow rate for all undisturbed non-calves in 1982 was 0.70;i
s.d. 0.470 blows/min (range = 0.116 to 2.308 blows/min, n = 25 blow rates by
10 whales). In 1980-81, the corresponding mean was 1,28 + s.d. 1.140 blowg/
" min (range = 0.059-4.364 blows/min, n = 43 blow rates by 22 whales). Figuie
18 presents the frequency distributions of these blow rate data. Tﬁe
difference between 1982 and the two previous years was highly significant (t'

= 2-93, df = 62, p<0'01)**e

Proportion of Time Visible From the Air

Any attempt to determine the number of bowhead whales in an area from
aerial census data must incorporate some estimate of the proportion of whalés
"in the area that were visible at the surface at the time of the censuée
Davis et al. (1982) discuss the considerations involved in making su&h
corrections for census counts. Our repeated measurements of the lengths %f
surfacings and dives of bowheads allowed us to calculate a related quantity;—
the proportion of time that a given whale was visible from the air. ?é
calculated this proportion from all surfacings of known length that wefe
followed by dives of known length for presumably undisturbed bowheads 1n
1982. For non-calf bowheads, we considered it likely that the whale would
still be visible during shallow dives between blows within a surfacing, so We
used the measured surface times regardless of such shallow dives. Fgr
calves, however, we felt that such shallow dives would probably render t?e

* Surface-dive cycles in which the dive was <30 s long were excluded from
this analysis. g

*% t' = t-statistic calculated assuming that the two population variances are
unequal.
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|
i

Therefore, we

subtracted from their surface times the estimated length of time that they

were slightly

Short hursing d

below the surface, adding that quantity to their dive times.

ives were similarly considered to be periods when calves were

not visible from the air.

The mean proportion of time that presumably undisturbed non-calves were

visible from the air in 1982.was 0.24 + s.d. 0.170 (n

sequences from
0.179 (n

19 surfacing and dive sequences from 3 calves).

31 surfacing and dive

13 whales). The comparable value for calves was 0.21 + s.d.

Figure 19

' presents the ffequency distribution for each of these means, which appears to

be bi- or multi-modal rather than normal in each case.

For the calves, the

three highest values came from two instances when calves were separated from

their mothers;

from its mother

the calf was
windrow of deb

time visible, |

in one case the calf moved from about 225 m to about 75 m
over two surfacing and dive sequences, and in the second case
probably about 300 m from its mother and was playing in a
ris. The non-calves with the highest values for proportion ofl

1owever, did not appear to share any common characteristic.

Depth of Water

To look at the effect of depth of water on the surfacing and respiratibn

characteristics of these whales in 1982, we divided the observations into

éegories: up to 100 m, 101-250 m, and over 250 m.

are presented in Table 3.

three depth ca The results

The mean number of blows per surfacing, length of
surfacing and }length of dive are all lower in the shallowest water and

\ .
similar in the two deeper water categories. The differences in number of

blows per surfacin

m and for SIOJ m vs. >250 m (0.05¢p<0.10 in both cases).

surface time iL water <100 m deep is significant when compared to that for
either 101-250 2.67, df 36, p<0.02) or >250 m (t 2,24, df = 36,
p<0.05). The Qifference in dive time for depths <100 m vs. all deeper depths
is not signifil 62, n = 5,46, p = 0.1).

cant (Mann-Whitney U =
low interval and depth was non-linear, with intermediate values

g are of marginal significance both for <100 m vs. 101-250

The briefer mean

m (t

The relation-
ship between b]
at <100 m depth, shortest values at 101-250 m depth, and longest values at
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>250 m depth | (Table 3). The means for the last two categories were
significantly different (t = 3.34, df = 757, p = 0.001).

Similarly, the correlation coefficients between water depth and (1)
blows per surfacing, (2) length of surfacing, and (3) length of dive were all

positive but non- or‘marginally.significént (r = 0.151, r = 0.228, and rg =
0.166, respectively).

The valuels of each of the four variables in the shallowest water are
much closer to the values for those variables in 1980 and 1981 when whales

tended to be |in shallower water. This might suggest that the overall
increase in these variables observed in 1982 could be attributed at least in

part to the occurrence of more whales in deeper water than in previous years.

This suggestion, however, is not supported by the available data. The
difference in |depth between years was so great that there were almost no
observations in water <100 m deep in 1982 and even fewer in water >250 m deep

in 1980 and 1981. Year-to-year comparisons are possible only for the

intermediate depths (101-250 m), and even there the sample sizes are small

(Table 4; see also the -Appendix). The mean blow intervals in water 101-250 m
deep were almost identical in 1980-81 and in 1982, and blow intervals

lable 4. Surfacing, resﬁiration, and dive characteristics for presumably undisturbed nom-calves by
jepth of water in 1980-81 and 1982.

Depth

Jariable Year <100 m 101-250 m 2250 m

8.10 (1614) 13.3 + 6.74 (74) 11.5 + 4.95 (19)

8low interval (s) 1980-81 12.8 + + +
1982 145 +5.62 (35  13.7 +6.67 (354)  15.9 + 10.18 (405)
No. Blows/surfacing 1980-81 4.2 +0.80 (209) 4.5 +2.66 (11) - ()]
1982 3.8 +3.3  (6) 7 +4.95 (29 8.0+ 5.42 (27)

Duration of Surfacing (min) - 1980-81  1.08 + 0.700 (240) 1.14 + 0.537 (11) - . (0
1982 0.86 +0.710 (6) 1.98 +0.982 (32)  2.34 +1.572 (32)

Duration of Dive (min) . 1980-81  3.97 +4.911 (86) 0.50 + 0.349 * (3) - )
: 1982 6.41 + 8.444  (5)  13.% + 8.143 (17)  11.9% + 9.679 (29)

i
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appeared to bear no consistent relationship to depth within or between
years. Both the number of blows per surfacing and the duration of surfacing
differed significantly between 1980-81 and 1982 in water 101-250 m deep (t =
2.049, df = 34, p<0.05; and t = 2.698, df = 41, p<0.02, respectively). Even
this difference must be treated with great caution, however, because all of
the 1980-81 observations from water 101-250 m deep came from a single day in
1981. We have observed so much variation in these variables due to factors
other than depth, that observations from a single day cannot be considered
representative. For duration of dive, the sample sizes at particular depths

are too small to allow any comparison between years.

Time of Day

Figures 20 through 23 present the mean values for each of the four
respiration, surfacing and dive variables, as recorded in 1982, by time of
day. No clear trend is apparent in any of them. This is not surprising,
since we did not detect any clear effect of time of day in the previous two
years (Wirsig et al. 1982, Figs. 18 to 21). A comparison of the mean values
before and after 15:00 MDT (sidereal noon) showed no significant difference

for any of the four variables.

Calves and Mothers

In 1982, we sighted calves about as often as in the two previous years,
considering both the number of observation flights and the number of hours
circling over whales. However, the length of time calves were seen at the
surface per sighting was considerably higher. Table 5 summarizes the data
on calf sightings and surface time for .all three years, including both
presumably undisturbed and potentially disturbed cases. The length of time
that we observed calves at the surface in 1982 was more than three times the
observed surface time for calves in either 1980 or 1981. Furthermore, calves
accounted for 15% of all whale—hours of observation at the surface in 1982,

but only 3% in 1981 and 4% in 1980 (Table 5).

In 1982, calves spent almost 40%Z of their time at the surface
unaccompanied by an adult. This was comparable to their behavior in 1981,

but unlike 1980 when they were rarely seen alone (Table 5). As in previous
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rable 5. Calf sightings and observation time in 1980, 1981, and 1982. Both
resumably undisturbed and potentially disturbed periods are included. The
iumber of sightings of calves is an approximate count because multiple counts
f the same calf were possible where the calf and its mother were not

recognizable,

1980 1981 1982
lo. sightings of calves 12 16 16
jo. flights* 14 18 14
alf sightings per flight 0.86 0.89 1.14
lours in plane over whales 30.4 h 30.8 h 36.5 h
calf sightings per hour 0.39 0.52 0.44
alf time at surface with mother 20.4 min 17.5 min 63.1 min
>alf time at surface alone 1.6 min 12.7 min 38.2 min
'otal calf time at surface 22,0 min 30.2 min 101.3 min
. of calf surface time alone 7.3% 42,.1% 37.7%
fhale~hours of observation at 10.03 h 14.98 h 10.95 h
surface
2al f-hours of observation per 0,037 0.034 0.154
whale-hour of observation
2alf time at surface per 1.57 min - 1.89 min 6.33 min

sighting

* Only flights with behavioral observations considered.
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years, when a|calf was with its presumed mother, the calf remained within
about 10 m of the adult, and occasionally the calf submerged for brief
periods oriented toward the teat area of the adult,'about half way between
the midbody and the tail flukes. These brief submergences prdbably repre-

sented nursing |bouts.

Rejoining After Separation

On 18, 19| and 23 August 1982, we observed lone calves at the surface on
four occasions| and on three of these occasions we saw the calf rejoin its

presumed mother. Since we had observed such rejoining only once previously,

from shore in 1981, we will describe each observation in 1982.°

On 18 August, a calf was by itself for at least 42 min, mostly at the
surface, beforé it rapidly swam towards an adult and joined it. About 50 min
after this, wé observed a lone calf 2 to 4 km distant from the original
site. After 17 min of observation, it joined an adult by rapidly swimming
towards it. We were notvable to identify the calf or adult in either case,
but in both cases the calf was uncommonly large (about 0.6 adult size). It

is probable that the two sightings were of the same calf, left at the surface

by the mother /during two dives of undetermined length. During the first 18
August inciden%, the calf oriented straight towards the adult from as far
away as 1.6 km. When it came within approﬁimately 75 m of the adult, both
calf and adult swam rapidly towards each other. During the second incident,
the calf and adult moved toward each other from at least 300 m distance. In
both cases, th‘ two dove simultaneously after coming together, with no clear
signs of nursihg, although we were too far away to see details of behavior in

the first instance.

Another lone calf was observed on 19 August, swimming along a windrow of

debris and app?rently playing with it. We observed the calf for about 18 min
and then left‘without seeing it join an adult. Its behavior is detailed

below with other play behaviors observed in 1982,

The final observétion of rejoining involved a calf seen on 23 August.
This calf appeared to be separated from its mother for at least 71 min.

During much of this time, the calf was playing with an area of water
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discolored by one of our fluoroscein dye markers, and its behavior then is
described below with other play behavior. The presumed mother of the calf
surfaced about 180 m from it and oriented towards it. When the two were
approximately 120 m apart, the calf also oriented towards the adult, but the
adult was mainly responsible for closing the distance between them, as it
swam at medium speed towards the calf. When the two whales were approxi-
mately 22 m apart from each other, the calf dove and reappeared 18 s later,
reoriented by 180°, lying to the right of the adult and facing in its
direction. The calf then submerged several more times towards the belly of

the adult, probably nursing.

Our observations of adults and calves orienting accurately toward each
other at some distance suggest that there was some form of acoustic
communication between the two. We have possible evidence for this from the
last incident described, on 23 August. The rate of low tonal FM calls, which
we suspect to be long-distance contact calls, increased while the mother and
calf were swimming toward each other from some distance apart and then ceased
altogether once the two whales were joined (see 'Bowhead Sounds' below for
details). Several unusual higher-pitch calls of undetermined origin were

also recorded while the two whales were separated.

Nursing

When the lone calf of 23 August joined its mother after a separation of
apparently at least 71 min, we observed the longest probable nursing bout
seen during our three summers of observation. We describe it here as an
example of this type of behavior. As the two animals approached each other
head on, the calf dove out of sight for the first apparent nursing dive when
they were still about 22 m apart. The calf dove toward the teat region of
the adult six times in all, with submergences lasting 18, 11, 27, 17, 12, and
10 s (mean = 15.8 + s.d. 6.37 s). Each of these presumed nursing dives was
followed by a brief surfacing by the calf. The surfacings lasted 6, 6, 9,
li, 23, and 17 s (mean = 12.0 + s.d. 6.75 s), and each included a single
respiration. The‘nursing ended as the calf and the adult dove out of sight
at the same time, and we left the area. While there was no apparent
progression in the length of the calf's nursing dives over the entire nursing

bout, the calf's surfacings between nursing dives tended to lengthen
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|
progressively,?

|
The duration of the probable nursing bout from the start of the first nursing

suggesting an appeasement of the calf's eagerness to nurse.
dive to the start of the deep dive by both mother and calf was 2.78 min.

The other| instances of probable nursing observed in 1982 were shorter
than the above example, sometimes lasting less than 1 min, and occurred
between adult—Lalf pairs that had not recently been separated as far as we
knew. Usually|all that we could see was one or two short dives by the calf
toward the teat region of the mother at the end of a surfacing sequence,
followed immediately by a dive by both animals. On three occasions the calf
submerged oriented toward its mother's teat region and did not reappear‘
during a period of just over a minute while the mother remained at the
surface, before she too dove out of sight. We do not known whether these
three occasions represented continuous nursing for over a minute or whether
nursing sometimes occurs when both animals are out of sight 'below the
surface. When|calves did resurface after diving toward their mother's teat
area, the behavioral pattern was similar to that described for the 23 August

calf after rejoining its mother.

Table 6 p#esents the surfacing, respiration, and dive data collected in
1982 for pres&mably undisturbed calves during probable nursing bouts, and
during non—nursiﬁg periods with an adult present and absent. The number of
blows per surfacing, length of surfacing, and length of dive were all
considerably reduced when calves wefe nursing. This 1is simply a
quantification|of our observation that nursing appears as short dives (along-
_side the mother) interspersed with short surfacings. Usually calves blew
only once per surfacing during nursing bouts, and blow intervals were not
determinable. When they did blow more than once pér surfacing during
nursing, the mean blow interval was shorter than for non—-nursing calves
accompanied by an adult (t' = 3.06, &f = 45, p<0.001)*. The mean blow rate
for calves during their short nursing bouts (which ranged from 51-167 s in

duration) was significantly higher than for calves with their mothers but

not nursing (ﬁ' = 5,40, df = 4.5, p<0.01). This is probably indicative of

the exertion involved in making the nursing dives.

* t' = t-statistic calculated assuming that the two population variances are
unequal. :




Normal Behavior 70

Table 6. Surfacing, dive, and respiration characteristics for presumably undisturbed calves observed
in 1982. Numbers presented are mean + s.d. (n).

Calf with Mother

Variable Nursing Not nursing Calf alone

Blow interval (s) _ 9.7 +2.21 (D 16.1 + 11.83 (38) 176 + 16.9% (49)
# blows/surfacing 1.3 +0.64 (21) 3.6 + 1.24 (12) 5.5+ 3.5 (6)
Length of surfacing (min) 0.2 +0.12 (16) 1.2+ 0.50 (13) 20+ 1.50 (6)
Length of dive (min) 0.3 +0.09 (16) 6.7 + 4.63 (13) 2.0+ 1.15 (6)
Blow rate (blows/min) 2.8 +0.93 (5 0.5+ 0.28 (10) 1.6 + 0.23 (4)

For the mother, on the other hand, nursing probably involves reduced
exertion, because the mother usually remains stationary while the calf
nurses. In the longest example of nursing that we observed, that on 23
August 1982, the mother came to a halt after swimming at medium speed to
rejoin her calf. During the calf's nursing dives, the mother lay quietly at
or just below the surface. The mean blow interval of the mother reflected
this decrease in activity level. It increased from 15.9 + s.d. 4.46 s
(n = 10) while swimming toward the calf to 30.2 + s.d. 5.12 s (n = 6) while
the calf was nursing (t = 5.88, df = 14, p<0.001).

Correlation of Mother and Calf Blow Rates

Nearly continuous observations of an adult/calf pair on 24 August 1982
from 12:17 to 14:00 MDT permitted comparison of the blow rates of the two
whales during a variety of activities. The adult was variously engaged in
long dives, travel, and apﬁarently providing milk to the calf, while the calf
was engaged in shorter dives, travel, and nursing. Figure 24 depicts the
relationship between the blow rates of the adult and calf; the correlation
between their blow rates is quite strong (r = 0.87, n = 10, p = 0.001). The
highest blow rates for the adult occurred following the longest dives,

including one occurrence when the adult was being joined by the calf (mean
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occurred when the calf was alone at the surface or swimming rapidly towards
the adult from as far away as about 225 m (1.58 + 0.286 blows/min, n = 3).
During surfacing and dive sequences that included nursing, the blow rates for
the adult and calf were similar and less than the values given above: adult
1.00 + 0.598 blows/min, n = 5; calf 1.04 + 0.267, n = 4. The lowest blow
rates were observed during travelling: adult 0.59 + 0.364 blows/min, n = 6;
calf 0.69 + 0.176 blows/min, n = 5.

These samples are too small to be anything but suggestive. However,
they indicate that measurements of blow rate may be useful in assessing the
degree of disturbance to mother-calf pairs from petroleum development

activities or other factors.

Calves and Maternal Females Compared with Other Whales

The surfacing, respiration and dive data for adults with calves, calves,
and all other whales during presumably undisturbed periods in 1982 are

summarized in Table 3 and in Figure 25. Data for calves during surfacings

that included nursing are excluded.

Both the maternal females and the calves had longer intervals between
blows than did other whales (t = 6.73, df = 792, p<<0.001 for maternal
females vs. 'other whales'; t = 4.69, df = 715, p<0.001 for calves vs. 'othér
whales'). Although the mean blow intervals for mothers and calves were
almost identical, the variation in calf blow intervals was much greater. In
1980-81, the mean blow interval for maternal females was also higher than
that for 'other whales', but that for calves was not significantly different
from that for 'other whales' (Appendix; Wiirsig et al. 1982). .

The length of surfacing did not differ significantly between any two of
these three categories of bowheads in 1982, but the mean values were lowest
for calves, highest for maternal females, and intermediate for 'other
whales'., The same pattern was evident in 1980-81; in those years the mean
surface time for calves was significantly less than the mean for either

maternal females or 'other whales' (Appendix; Wiirsig et al, 1982).
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The number of blows per surfacing was, in 1982, significantly lower for
calves than for all other non-maternal whales (t = 3,14, df = 55, p<0.001).
This was probably attributable to the increased blow intervals in calves.
The pattern of differences between the three categories of whales was the
same in 1982 as in 1980-81 (Appendix; Wiirsig et al. 1982)--lowest for calves,
intermediate for maternal females, and highest for 'other whales’. In
1980-81, the mean for calves was significantly lower than the means for
maternal females and for 'other whales', and the last two groups did not

differ significantly.

In 1982, however, the pattern of dive durations differed from that of
previous years. Both mothers and calves dove for considerably shorter
lengths of time, on average, than did other whales (Table 3, Fig. 25), The
differences in dive times among the three groups were significant (Kruskai—
Wallis H = 6.70, df = 2, p<0.05), and dive times for calves were signifi-
cantly less than those for non-maternal adults (Dunn's multiple comparison,
p<0.05). In contrast, in 1980-81 the mothers made the longest dives. In
both 1982 and 1980-81, calves dove for shorter periods than did any other

whales,

The longer blow intervals of the mothers and calves compared to all
other whales in 1982, and of the mothers in 1980-81, suggest a lower activity
level than in other whales. This interpretation is not supported, however,
by the limited data on blow rates for these whales: mothers had a slightly
higher mean blow rate in 1982 (0.714 + s.d. 0.505 blows/min, n = 17) than did
the non-calves not accompanied by a calf (0.659 + s.d. 0.414 blows/min,
n = 8). Recent work on mother-calf behavior in southern right whales also
found mothers to be relatively inactive (P. Thomas and S. Taber, in prep.;

Payne, in prep.).

Social Behavior

Behavior was termed social when whales appeared to be pushing, nudging,
or chasing each other or when they were within one-half body length of one
another. Interactions between mothers and calves and between whales skim
feeding in close proximity were not included as social interactions in this

analysis. Whales may, of course, communicate by sound and thus may socialize
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over far greater distances than those described here. Since we cannot verify

whether acoustic communication is occurring between any particular whales, we

restrict our definition of socializing to visible behavior. Our observations

of synchronous |[diving and surfacing over an area many kilometres in diameter

(see below) maj represent a different form of social interaction from what we
discuss in this section. Because groups of whales usually could not be
reidentified pgsitively from one dive to the next, we treated observations of
social behavior at intervals of >5 min as independent for the purpose of
counting numb%r of interactions. Conversely, we did not score social
behavior in the same area more than once in 5 min when counting its

frequency.

Little socializing was observed in 1982, In presumably undisturbed
whales, we observed only seven instances of socializing during three
observation flights, on 8, 19 (flight #2) and 23 August. Most whales were
alone and making long dives. We calculated the rate of socializing in the

three years 1980-82 in two different ways——first, simply based on the number

of hours in the plane circling over bowheads (including both éurfacing and

dive times) an?, second, based on the amount of time that whales were visible

at the surface. This second procedure involved calculating the number of

whale-hours of| direct observation (i.e. summing the surface times of all

whales observed). Table 7 presents these calculations for each year. Both

Table 7. Rate of socializing among presumably undisturbed
bowhead |whales, 1980-1982, calculated on two different bases:
(1) number of hours circling over whales either above or
below the surface, and (2) number of whale-hours of observa-
tion, including only surface times of whales.

1980 1981 1982

A, Numbér of instances of socializing 42 39 7

B. Hours circling ovér whales 17.8  17.0 21.8
C. Socializing rate (A/B) 2.4 2.3 0.3
D. WhalL—hours of observation 5.9 10.1 6.3

E. Socializing rate (A/D) 7.1 3.9 1.1
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methods show a decrease in frequency of socializing in 1982 relative to
1980-81. However, when the number of whales visible at the surface is taken
into account, the 1982 decrease is less dramatic, and a progressive decrease
in sdcializing rate over all three years is evident. This progressive
decrease may be related to the progressive increase over the three years in
the average distance from shore and depth of water for locations where
bowheads were studied. However, we found no consistent trend for socializing
to occur more often in shallow water in 1982 (Fig. 26) or in either previous
year (Wirsig et al, 1982, Fig. 27). We had too few observations from shalléw
water in 1982 and too few from deeper water in the preceding years for

meaningful overall comparisons.

Four apparent chases were seen under undisturbed conditions in 1982,
.with two to four whales about 15 to 45 m apart moving rapidly at the surface,
oriented in the same direction with one directly behind the other. One chase
observed in 1981 was related to apparent sexual activity, but we saw no

evidence of mating in 1982.

During August 1982, there was no indication of a week-to~week trend in
frequency of socializing, based on the few data on undisturbed socializing
episodes. In both 1980 and 1981, however, more socializing took place in
early August than in late August or (in 1981) early September (Wiirsig et al.
1982) . In 1982, all observations of social behavior during uﬁdistu:bed times
were recorded from 16:00-20:00 MDT, somewhat after the peak around sidereal

noon (15:00 MDT) found in the preceding two years (Fig. 26).

While interaéting with nearby whales, socializing whales often turn
while at the surface. 1In contrast, non-socializing whales often come to the
surface and dive again without changing direction. The data from 1982

demonstrate this difference:

Socializing Non-socializing
whales whales

Surfacings with turns 3 35
Surfacings without turns 2 73
Total surfacings 7 108
% surfacings with turns 71 32%

B
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The socializing whales were significantly more likely to turn than were the

non-socializing whales (chi-square = 4,41, df = 1, p<0.05), and the same

trend is true for the combined 1980-1982 data (chi-square = 7,57, p<0001).5
!

\
Perhaps because of low sample sizes for socializing whales, none of the

respiration and surfacing characteristics differed 51gn1f1cantly between
socializing and non-socializing whales in 1982. Blow intervals were 51m1ﬁer
for both categories of whales (see Table 3, t = 0.67, df = 792, p = 0.55.
Number of blows per surfacing was higher in non-socializing whales, but the
difference was not significant (t = 1.51, d4f = 56, 0.10<p<0.20). Mean leng%h
of surfacing was also greater in non-socializing whales, but again ﬁpe
difference was not significant (t = 1.26, df = 68, 0.20<p<0.50). While t%e
mean dive duration for non-socializing whales was 12.31 + s.d. 9.096 m&n
(n = 50) in 1982, the one recorded dive duration for a whale scored as

socializing was a mere 0.58 min. i

The higher values of surface time, number of blows per surfacing, ahd
dive time for non—socia11z1ng whales are consistent with the hypothesis that
these whales spent much time feeding in the water column. ngh values of
each of these three variables were obtained in 1980-81 during periods Lf

presumed water-column feeding (Appendix; Wirsig et al. 1982).

Behaviors not in Regular Surface/Dive Sequences i

At times whales behave in a manner different from the usual 'several

blows during a relatively short surfacing, followed by dive'. Some forms of

apparent play behavior keep whales at the surface for a long period of tlme,

and some ‘aerial' behavior--e.g., breaching, tail slapping, or fllpper

slapping--results in brief but strong disruption of the water surface. Q

Log Playing ' f

Many logs drift into the Beaufort Sea study area from the Mackenzie
River, and during 1981 we observed whales playing with large logs on two
occasions (Wirsig et al. 1982). 1In 1982, we witnessed this behavior oniy
once, on 1 August in water approximately 300 m deep. An adult whale was

interacting with a log approximately 10 m long for at least the 1.5 h perlod
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while we circled overhead. During that period, the seismic exploration
vessel 'GSI Mariner' approached from an initial range of about 39 km to a

final range of|about 24 km. Either distance is close enough for the ship to

be a potential|source of disturbance (Richardson et al. 1983b), but we will

describe the wrale's behavior in this section of the report because we feel

that this typ% of play is an interesting if uncommon part of the normal

behavioral repértory of bowheads.

Since thefwhale was with the log both when we first saw it and when we
left, we do not know tﬁe total duration of the interaction. The whale moved
as far as one whale length from the log for omnly 5 s during the whole
observation pe&iod, and some part of its'body was in contact with the log
almost all the!time. It lifted one end of the log as far as 2-3 m above the
water 30 separéte times. Such lifting was done with the head, back, side, or
ventrum, and usually lasted for only about 1-2's. On five occasions the

whale rolled the log along its back by gliding under the log while touching
| the middle of|the log with its back. On one occasion, the whale rolled the
log while ventrum up beneath it. The whale pushed the log with its head 12
times and wit? its body while moving against the log sideways 14 times. It
clasped the log with either the right or left pectoral flipper eight times.
On three addiﬁional occasions when the log was perpendicular to the whale's
body, it clasped the log under both flippers while ventrum up beneath the
log. On eight occasions, the whale placed its chin onto the log and
apparently triLd to force the log beneath the surface.

All such interacﬁions lasted about 1-10 s. While the whale's
orientation t& the log changed continually, the whale usually initiated some
manner of coptacﬁ with the 1log by approaching it head on, that is,
perpendicular}to the long axis of the log. When the log was pushed by head
or back, it mPved through the water rapidly enough to create a whitewater
wake, and on two occasions the log was propelled for approximately two whale
lengths. |

The whale was either at or just below the surface almost the entire

time, and on lonly two occasions did it disappear from sight, for 7 s each

time. Neveréheless, blows were most frequent dﬁring 12 intervals during

which the whale was mainly at the surface, with its back slightly above

|
|
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water, The whale blew a total of 43 times during the 1.5 h of observation,
for an overall blow rate of 0.48 blows/min. The difference in blow rates
between this log-playing whale and all presumably undisturbed non-calves in

1982 (0.70 + s.d. 0.470 blows/min, n = 25) is not statistically significant.

The 1982 log play sequence is the longest one described for bowheads to
date (cf. Davis et al. 1982, and unpubl.; Wiirsig et al. 1982). Association
with objects other than conspecifics has been described for many marine
mammals and for at least four other species of large whales (right whales,
Payne 1972; gray whales, Swartz 1977; a humpback whale, Couch 1930; and a
sperm whale, Nishiwaki 1962; see also Wiirsig et al. 1982 for a brief
review). Specific elements of the log play that we have observed in bowhead
whales are strikingly similar to play with seaweed observed in southern right
whales (Payne 1972 and in prep.); both involved lifting the object with the
head, moving the object along the back, and patting it with the flippers.
The attempt to push the log underwater with the head is also reminiscent of a
motion commonly made by male right whales ‘when attempting to mate with
uncooperative females (Payne, in prep.). In 1981, one of the log-playing
bowheads was also associating with two other whales at the time; in the 1982

example the whale was alone.

Calf Play at the Surface

During the present study, calves were seen alone at the surface on four
occasions. Usually they were rather inactive, apparently 'waiting' for their
mothers to come up from a dive (see also Wiirsig et al. 1982). On two
occasions, however, lone calves at the surface interacted with debris in the

water.

The first such incident occurred over a 12.3 min period on 19 August
1982, when a lone calf, clearly a young-of-the-year, was observed following a
. windrow, a line of surface debris approximately 2 m wide and probably
composed mainly of dead invertebratés. Four minutes before we sighted the
calf from the aircraft, an experimental playback of drillship sounds was
started from the ‘'Sequel’, which was stationmed about 2 km from the calf.
When we determined that the animal was a young-of-the—-year, we contacted the

boat, and the drillship playback was stopped, before the peak playback volume
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was reached (see 'Disturbance' section of this report for further details).
The calf stayed at or just below the surface for the entire period- of
observation. It oriented directly along the windrow, changing course as the
line meandered [to the left or right. Although the calf appeared to have its
mouth open slightly part of the time, it did not appear to be feeding
extensively, ifH at all, on the line of debris. Its movements along the line
thoroughly disrupted the line, however, and the calf left a wake of highly

dispersed debrils behind it,

The actions of the calf while moving along the windrow were rapid and

jerky, reminiscent of any uncoordinated young mammal. The whale calf lunged
forward while iL the debris on three occasions, and slapped its tail onto the
water surface two times as well. It moved rapidly along the line ventrum—up
for approximately 30 s, with rapid up and down movements of the tail for the
entire time. This energetic behavior is reflected in the very high blow rate
of 2.12 blows/min for the 12.3 min of obéervation. The sequence ended when
the calf dove out of sight at the end of the windrow; we did not see it with
an adult. We do not believe that this incident represented concerted feeding

‘because the calf's mouth was open only slightly for brief periods. However,

in light of the skim feeding that we have observed in adult bowheads at or

just under the surface, it is possible that the calf was also practicing

skills required for feeding.

A second |[incident of a calf assdciating with material in the water
occurred on 23 |[August 1982, This calf was first encountered lying motionless
just below the surface or moving slowly forward while almost stationary.
During such a élow movement, or perhaps due to current action, it was brought
into an area erked by dispersed fluoroscein dye from one of our dye markers
(see 'Materials and Methods'). The dye covered an area about 40 m wide and
100 m iong. Immediately upon entering the area of bright green water, the
calf became active. During the 22.3 min of association with the dye, the
calf rolled ventrum up eight times for 5-20 s each time and moved back and
forth within aqd to the edge of the dye/clear water interface. Al though not
as active and not beating its tail as fast as the calf in the windrow, this
calf made abrupt turns of greater than 90° on 25 occasions during its stay in
the dye, re-orienting itself at the dye's edge in order to remain within the

dye. It blew 27 times during 22.3 min, for a blow rate of 1.21 blows/min.
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This was considerably lower than the rate for the more active calf in the
windrow, but higher than the mean 0.52 + s.d. 0.271 (n = 11) blows/min for

calves while they were travelling with their presumed mothers.

Near the end of our observation session, the calf moved out of the dye
and oriented toward an adult that was moving rapidly toward the calf. When
the two joined, the calf apparently began nursing (see the 'Calves and

Mothers' section above).

Aerial Activity

Aerial activiﬁy, consisting mainly of breaching, tail slapping and
pectoral flipper slapping, occurred sporadically throughout our observation
periods. The behaviors are described by Wiirsig et al. (1982). 1In 1982, wé
observed nine bouts of aerial activity, with the average bout lasting only
about 20 s. Three lone adults breached 1, 2 and 5 times each; three lone
adults and one lone calf (while the presumed mother was below the surface)
tail slapped once each, Each of the single tailslaps by adults occurred
immediately after the whales lifted their flukes out of the water just before
diving. One presumed mother 45 to 60 m from a calf tail slapped 7 times; and
another presumed mother slapped with the pectoral flipper 12 times while a

calf was approximately 120 m behind her.

Thus, cases of breaching seen in 1982 were performed by lone adults, but
observed cases of tail and flipper slapping were often performed by presumed
mothers. Both the tail slap bout and the flipper slap bout by presumed
mothers took place whilé the calves were some distance from the adult, and it
is possiBle that the sounds produced by slapping the surface were designed to
call the calf to the adult. In the first instance, the calf dove (and may
have joined the adult underwater), and in the second instance the calf joined
the adult within 10 s of the end of the flipper slapping bout. Similar

instances have been described for southern right whales (Payne, in prep.).

The incidence of aerial activity in 1982 was comparable with that of
previous years (Table 8). Aerial activity is too infrequent to allow a
comparison of ﬁresumably undisturbed with potentially disturbed conditions,
so all sightings are included in Table 8.
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Table 8. Frequency of aerial activity in 1980, 1981, and
1982 based on whale—hours of observation at the surface.

Both presumably undisturbed and potentially disturbed
periods are included.

; 1980 1981 . 1982
Bouts of aerial activity 6 14 9
Whale-$ours of observation 10.03 14.98 10.95

Bouts/whale-hour ' 0.60 0.93 0.82

Bowhead Sounds

In the last several'years'there have been several reports documenting
bowhead SOundsi(Ljungblad et al. 1980a, 1982; Clark and Johnson, in prep.;
Wirsig et al. 1982)., Most of these have simply concentrated on describing
the whale's sounds, but Wirsig et al. (1982) tried to interpret the

biological significance of the different sound types by comparing them to the

call types of southern right whales, Eubalaena australis (Clark 1982, in

press).

In this section we describe the types of bowhead sounds recorded via
sonobuoys deployed in the eastern Beaufort Sea during August 1982, The
hydrophones were usually 18 m below the surface in water depths rangiﬁg from
45 m to 300 m. It is important to note that these depths are considerably
greater than those where most sounds were recorded during the 1980 and 1981

studies.

Results from our previous work in 1980-8l indicated that rate of sound
production ma§ differ between undisturbed and potentially disturbed
conditions. &ith this in mind, we énalyzed all the 1982 recordings to
determine rates of sound production. | All 30.6 h of sonobuoy tapes were
listened to at normal speed while simultaneously being analyzed on a Spectral
Dynamics SD301C analyzer.. The output of the analyzer was then displayed on a
Tektronix 513 memory oscilloscope so that one could hear the sounds and see

their spectrographic image at the same time. Using both the visual pattern
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of the display and an aural judgement (by CWC), each sound was classified as
one of the seven previously identified sound types (see Fig. 28 on p. 117 of
Wirsig et al. 1982). The number of sounds of each type was tabulated for
each minute of sound recording. 1In addition, a subjective judgement was made
as to whether the sound was loud or faint. This entire procedure was done
without knowledge of the other behavioral observations during the period of
the recording. Aside from presence or absence of industrial sounds on the
tapes, CWC also had no specific information about presence of sources of
potential industrial disturbance when he classified the bowhead sounds. 1In
order to double check the original tallies, this procedure was repeated for
the 16.2 h of recordings‘which contained high sound rates. In all cases the

two sets of counts for all call types and loud sounds were within 3% of the

lowest tally.

Table 9 1lists the dates and times during which bowhead sounds were
recorded in 1982, excluding periods of potential industrial disturbance.
'Next to each date is a listing of the approximate number of whales within a
3-4 km radius of the sonobuoy (including the number of mother and calf
pairs), the general behavior of the animals, the rate of call production
expressed as loud calls per whale-hour (calls/wh~h), and a tabulation of the
number of sounds of each type. Call numbers are given for loud sounds and
for total sounds. Call rate was computed by dividing the number of 1loud
calls by the duration of the recording session and by the number of whales
involved. Because the number of whales near the sonobuoy was often difficult
to determine exactly, the call rates must be considered as estimates. Faint
calls probably were made by whales too far from the sonobuoy to be counted
from the aircraft. Blow and slap sounds as well as all faint calls were

excluded from the call rate computation.

Blow and Slap Sounds

Compared to the 1980 and 1981 recordings (Wiirsig et al. 1982),
relatively few blow sounds ﬁere heard in 1982; the number of slap sounds
recorded remained approximately the same. Wiirsig et al. (1982) noted that
the highest numbers of blow sounds were heard when the whales were skim
feeding. Although we suspect that whales were feeding out of sight below the

surface in 1982, we did not observe any of the skim feeding that was so
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apparent in the two previous years. The lack of this form of feeding
behavior, coupled with the low numbers of blow sounds, is consistent with our
previous evidence that whales feeding at the surface produce more blow sounds

than whales engaged in other behaviors.

Call Types

Not including blow and slap sounds, the majority (90%Z) of sounds
recorded in 1982 were tonal, frequency-modulated (FM) calls lasting i—2 S.
All the types of sounds previously reported and illustrated by Wiirsig et al.
(1982, p. 117) were also recorded in 1982. .Although no quantitative
comparisons were made, visual inspection of spectrograms and aural judgement
indicated no differences between the general characteristics of sounds

recorded in the three summers of 1980, 1981 and 1982.

There was, however, one possible exception. On 23 August 1982, at 18:50
MDT, an wunusual sound was recorded which might have come from a bowﬁead
whale. The call occurred during the period when a mother and calf were about
to re—unite after being separated (see below for further details). The sound
lasted for'5 s and consisted of a broken series of broadband pulses with
energy between 2 kHz and 8 kHz. The pulse rate at the beginning of the sound
was 16 pulses/s, increased to 28 pulses/s by the middle of the call,
continued to increase to a maximum of 44 pulses/s, and then fell to 24
pulses/s at the end. Aurally, this call sounded like a ‘twitter'. We note
this possible exception to the 1982 bowhead repertoire of calls because the
pulse rate is similar to that for some bowhead calls, although the frequency
range is higher than previously reported for bowheads. We hesitate to assert
that this call came from a bowhead whale because it shares certain
characteristics with white whale calls, and there are other calls on the same
recording that may have been from distant white whales. It is not possible

to determine how close the animal producing this sound was to the hydrophone.

Context of Call Types

The behaviors and contexts observed in 1982 were limited to swimming and
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the calls that southern right whales produce in long-distance contact
situations (Clark 1982,lin press). We did not record many of the more
complex calls that were heard in 1981 in association with bowheads engaged in

active socializing and possible mating.

One specific observation regarding sounds and behavior deserves

attention. This was the incident on 23 August 1982, discussed in some detail

earlier, when [a lone calf played in a dye marker and later rejoined its
mother and engaged in a long nursing bout. At 18:18 the mother dived and was
not seen again|until 18:47:40. Between 18:18 and 18:28, when the calf was
alone and meandering in the dye patch, 23 loud, low FM calls typical of
previously reported bowhead sounds were recorded. Between 18:28 and 18:43

there were only four loud FM calls. Suddenly at 18:44:15 we began hearing

loud, low FM calls 1 min after a third, small whale was resighted (18:43:13)
at the surface about 400 m from the calf. This small whale moved toward the
calf until 18:44:41 when the small whale was seen for the last time about 300
'm away. Throughout this approach, the calf did not noticeably react to the
small whale. %rom 18:44:15-18:46:03, 13 loud, low calls were heard. This
was followed by 1.5 min (18:46:03-18:47:35) of silence. At 18:47:40, the
mother was resighted about 150 m from the calf and was oriented toward it.-
Within a perioé of 54 s commencing at 18:47:35, three loud calls were heard.
At 18:48:29, tﬁe calf turned toward the mother and for the next 2 min, as the

mother was swimming in the direction of the calf, there were 12 loud, low

calls. The last of these calls came at 18:50:40. The mother and calf were
seen together |at 18:50:48. From this time until 18:58, when the tape

recording ended, no loud calls were heard.

This coinéidence between reappearance of the mother at the surface and

the production|of loud, low FM calls strongly suggests that at least some of

the loud sounds were produced by the mother and calf pair. Judging from the
intensity of the calls, we feel safe in assuming that they were produced by
whales within 1 km of the sonobuoy. From 18:44 to 18:58, the only whales
seen within li km of the sonobuoy were the mother and calf and the small

whale, probably a yearling.
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Ljungblad et al. (1980a) recorded two types of sounds in the presence of
an adult bowhead and calf: low frequency upsweeps (type A) and harmonically
rich calls (type B). Their type A call is quite similar to some of the low
tonal FM calls we recorded on 23 August 1982. '

For southern right whales, Clark (in press) recorded low frequency
upsweeps ('contact calls') from mothers and calves when they became visually
separated. The two animals called back and forth several times before
reuniting and were silent once they were together again. In contact
situations when two adults were involved, .Clark also noted that the time
between delivery of the contact calls decreased as the whales approached and

were about to join each other.

In all these cases, the calls recorded in the presence of calves have
not been different from those recorded under similar contexts when only
adults were in the area. There is, therefore, no evidence to indicate that
calves have calls that are distinct from adult calls (e.g., higher in
frequency), with the possible exception of the twittering call of uncertain
origin described above. This paucity of information on mother and calf
sounds is in part due to the general observation that baleen whale mothers
and calves, when together, are quiet (southern right whales-—-Clark, in press;

humpback whales--Tyack 1981; G. Silber, unpubl. data).

Comparison with 1980 and 1981

The most dramatic difference between the 1982 recordings and those for
the two previous years was in the rate of sound production. In 1980 and
1981, total call rates from presumably undisturbed bowheads ranged from 0.0
to 30.5 calls/wh~h with overall rates of 2.3 calls/wh-h for 1980 and 3.4
calls/wh-h for 1981 (Wirsig et al. 1982). 1In 1982, if only loud calls are
considered, call rates ranged from 0.0 to 22.9 calls/wh-h, and the overall
rate for presumably undisturbed whales was 10.2 calls/wh-h. The amount of
recording time was greater in 1980 and 1981 than in 1982 (17.6 h vs. 13.0 h,
respectively), and the estimated total number of whales near the sonobuoys in
1980-81 was greater than in 1982 (113 vs. 51). The major differences between

seasons that might account for this difference in call rate are differences
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in the behavior of the animals, the increased dispersion between whales, and

the greater average water depth at observation sites in 1982.

Compared to previous seasons, we did not observe as much social activity

\
in 1982. We never saw the active socializing that we observed in 1981 when

large groups 04 whales were seen in close proximity to one another rolling,
stroking, chasﬂng, etc. (see Wiirsig et al. 1982, p. 103-111). 1In 1982, we
did occasionalﬂy observe brief periods when whales were within half a body
length or tOuChkng, and we saw a few chases, but none of these activities was

|

as intense or bs prolonged as the socializing we observed in 1981. Based
upon prior dat% associating éOunds and other behaviors for both bowheads
(Wirsig et al. 1982) and southern right whales (Clark 1982, in press), we
would expect that such a decrease in socializing would result in both a
change in the  types of sounds produced (away from harmonically rich or

complex pulsive types) and a decrease in the total rate of sound production.

In fact we obse
56% of the call
low tonal FM ca
rate of calling

is counter to

socializing observed.

the number of

increased by a
number of calls
that were not

frequency of oc

rved the former change, but not the latter., 1In 1980 and 1981,
s were harmonically rich or complex pulsive types and 447 were
l1s, as compared to 10% and 90% in 1982. However, the recorded
was higher for both of these categories in 1982, This result
what we would have predicted based on the decrease in

The greatest increase, by a factor of 16.0, came in
low tonal FM calls, while the rate of complex pulsive calls
factor of only 1.5 (these numbers were computed using total
recorded from presumably undisturbed whales, including calls
loud).

currence of low tonal FM calls might be attributed to a second

The increase in the number and in the relative

difference between 1982 and the two previous years--increased dispersion

between whales

acoustic charac

suggested above

widely spaced m

The third

in 1982. These low tonal FM calls have the most suitable

teristics for propagation over long distances, and if, as
, they serve as long-distance contact calls, then whales more
ight have more occasion to produce them.

|

difference in 1982-fthe greater depths in which most whales

were recorded--

also seems a plausible, but not a full, explanation for the

|
increase in recorded call rates. During the 17.6 h of recording in 1980 and

1981, there wefe 291 low tonal FM calls and 208 complex pulsive calls, as
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compared to 3414 low calls and 228 complex calls during the 13.0 h in 1982,
This is a 16.0-fold increase in low calls/h and a 1.5-fold increase in
complex calls/h. If one assumes that whales were distributed uniformly, then
this would translate into a 4.0-fold increase (161/2 = 4.0) in the
detection range of the hydrophones for sounds below 300 Hz. For example, if
whales were detected within a circle of 4 km radius (50 ka) in 1980 and
1981 when water depths during recording averaged 33 m, we may have been
detecting whales within a circle of 16 km radius (256 kmz) in 1982 when
water depths averaged 190 m. These average depths were calculated using the
duration of the recording at a given depth as a weighting factor. By the
same logic, the detection radius for the higher frequency sounds (above 500
Hz) apparently increased by a factor of 1.2 (1,51/2 = 1.,2), from 4 km (16
kn?) in 1980 and 1981 to 4.9 km (24 km?) in 1982.  These apparent
increases, as related to increasing water depth and sound frequency, are in
general agreement with underwater sound propagation considerations. One
expects that detection range will increase with increasing depth and that
lower frequency sounds will be detectable at greater distances than higher
frequency sounds. It is also important to recognize that the low calls have
their energy concentrated within a very narrow frequency range such that the
instantaneous bandwidth of the signal is on the order of only tens of Hz,
while the complex pulsive calls have their acoustic energy distributed across
a range of several thousand Hz. These characteristics of the two sound types

contribute to their relative differences in detectability.

It appears, then, that the best explanation for the observed increase in
recorded calling rate in 1982 is that we were able to detect bowheads farther
from the sonobuoys because of increased water depth. Two other factors could
have contributed to the observed increase-~a real increase in the rate of
calling by individual whales, and the possibility that there generally were
more whales in the area than were counted during the recording period. We
have no direct means of comparing individual calling rates for the three
years of observations. There is, however, some evidence that the distribu-
tion of whales in 1982 was distinctly different than in the previous two
years. In 1982, we usually circled singles or very small groups, whereas in
earlier years group sizes were sometimes much greater. The low group sizes

in 1982 may have been indicative of greater dispersion of animals, which
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could help explain the increase in low .tonal FM calls. Increased dispersion
of animals, combined with an increase in the range of detectability, could
also result in an underestimate of the number of whales within the recording

area and thus an overestimate of the calling rate per whale.

!
‘ Whales in’Ice
|

During August 1982, most of the whales seen were in deep water near the
continental shélf edge, in a broad line running northeast from Herschel
Island (Richard%on et al, 1983a). In early August 1982, the edge of the pack
ice was generaily farther to the north and west, but after mid August the
edge of 1loose| brash ice was in the same general area as the main
concentration of whales. Whales were frequently seen within 20 km of the ice
edge, and we encountered 37 whales within the ice itself. Near these whales
ice coverage anged from less than 1% to about 40%. We cannot compare
relative frequencies of whales in ice and out of ice since we biased our

flights to search for whales away from ice.

Approximately 75% of the whales encountered in ice in 1982 appeared to
hang quiescently at the surface with little activity. This quiescent
behavior of whales in ice was also noted in 1981. We cannot compare the
activity levels|of whales in and out of ice quantitatively because whales in
ice are difficult to study, and we rarely circled over these whales for

prolonged periods. One lone whale observed for 35.38 min on Qhe'evening of

24 August among| small loose brash ice dove for 17.6 and 13.5 min and surfaced
for 1.4 and 1.9 min. It blew 16 times during the two surfacings, for a mean
blow rate of 0.47 blows/min. This is lower than the overall 'undisturbed
non-calf' blow %ate of 0.70 + s.d. 0.470 blows/min (n = 25) for 1982 but not
significantly so. More data are needed in order to learn whether such
quiescent whales in ice are consistently breathing less often (and are
expending less |energy) than‘other whales. Because of the minimal fetch,
water surface in areas of partial ice coverage is often extremely flat. 1In
such areas, sea state is often calm even when there are whitecaps in nearby
areas of open water. Other whales in calm open-water conditions often appear
to rest at the| surface (BW, pers. obs.). Thus, the frequent inactivity of

bowheads among ice may. be related to the low sea state among ice pans.

t
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In 1982, we collected too little information concerning whales among ice
to allow meaningful calculation of average surface time, dive time, etc.
Such data exist for 1981, and since they have not been reported previously,
they are given in Table 10. Durations of surfacing and blow intervals in ice
were comparable to those for all undisturbed whales observed in 1981, but
number of blows per surfacing and dive durations were appreciably longer for

whales in ice.

Table 10. Summary statistics for the principal surfacing,
respiration, and dive variables in presumably undisturbed
non-calf bowheads in ice and overall, 1981. Overall figures
are from the Appendix.

Situation Mean s.d. n

Blow intervals (s) Ice 13.2 5.81 72
All 13.0 8.08 1113

Number of blows Ice 7.6 2.15 7
per surfacing All 4,2 2.91 194
Duration of Ice 1.26 0.577 12
surfacing (min) All 1.06 0.764 204
Duration of dive (min) Ice 7.15 2.867 10
All 3.80 4,986 80

Although most whales encountered in ice during August were quiescent
while at the surface, this is not always the case. In 1982, we saw two
whales that were moving at moderate speed. In 1981, one whale observed for
69 min was active, with many turns or reorientations, five underwater exhala-
tions, and two defecations. Its mean dive time was 9.14 + s.d. 1.468 min (n
= 6) and its mean surface time was 1.66 '+ 0.290 min (n = 6). It blew 51
times during the 69 minutes of observation, for a rate of 0.74 blows/min.

The defecations indicate that the animal had been feeding recently.

Whales that were moving slowly forward while oriented toward a piece of

ice did not turn at the surface in order to avoid the ice, but invariably

avoided the ice by diving under it. It appeared that travelling whales
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they could haﬁ? diverted around the ice, but we do not have enough such
observations t# confirm this impression. It is possible that whales diving
under large piéces of ice may have done so in response to .our aircraft, and
that the behavior is not a normal part of the whale's repertoire. However,
Carroll and Smithhisler (1980) report that whales migrating among ice also
adjust their surfacing and dive regime to the size and location of open
water. They dive upon encountering ice (instead of stopping), even though
they might not have dived that early had there been no ice. Our observations
suggest that alsimilar situation exists even during slow movement by whales

that are not actively migrating.

Synchrony of Behaviors

In 1980, & synchrony in general activity was noticed, with whales doing

essentially the same thing (such as skim feeding, possible water-column

feeding, social}zing, churning up mud in shallow water) in a particular area
for approximately five days at a time. In 1981, many whales apparently fed
in the water column in deeper water, and some skim feeding and socializing
were observed,{but no synchronous overall change of behavior was noticed
(Wirsig et al.|1982). The situation for 1982 was similar to that in 1981.
Throughout the|one~month study period, many whales dove for long periods.
Once again we suspected that much water-column feeding was occurring. Mild
bouts of socializing were interspersed throughout August 1982, with no

indication of a particular peak in social or other activity.

During 198?,‘as-in the previous two years, we often suspected that there
was some degreé of synchrony in dives and surfacings by whales as far apart
as about 0.5 km from each other. However, we did ‘not gather our data in a
way that would| allow us to analyze this~poiht quantitatively; instead, we
usually concentrated on the behavior of a few 'focal' animals and could not
record all other surfacings and dives in the area. Nevertheless, we strongly
suspected synchrony in diving and surfacing on many occasions. Possible

advantages to., synchrony 1in diving and surfacing might be enhanced

communication ﬁegarding, perhaps, food and danger. Ljungblad et al. (1980b)

also reported Synchrony émong whales engaged in water—column feeding in an



Normal Behavior 94

area 75 km east of Kaktovik, Alaska, although those authors also did not
treat their data statistically.

Synchrony in surfacings by animals far apart does not necessarily prove
that communication is occurring over that distance. The synchrony could be
established through independent responses to comﬁon external cues. It could
also be a result of animals having been close together, and visually
synchronized, before observations began; in this case the observed synchrony
would be a residual phenomenon that persisted because of whales diving and
surfacing for similar 1lengths of times. None of these possible
explanations——acoustic communication, common external cues, or residual

phenomenon——can be either proven or discounted at this time.

- The occurrence of non-random orientation by widely separated animals may
be evidence of a further type of synchrony. During 1981, significant
orientations toward a particular direction were found over areas of many
square kilometres. We hypothesized that either communication or independent
orientation in reference to common physical parameters (such as current)
could be responsible (Wiirsig et al. 1982). 1In 1982 there were five flights
with enough sightings of presumably undisturbed whales for statistical
analysis. We took the initial orientation of each whale seen in a given area
and subjected the orientations to the Rayleigh test for wuniformity

(Batschelet 1972); we found no significant orientation. Significant
orientations did occur during periods of possible disturbance, however (see

‘Disturbance' section, Richardson et al. 1982b).

Interspecific Interactions

As 1in previous years, no interactions were noticed between bowhead
whales and other mammalian species besides humans. Birds, probably attracted
to an area of whale activity in search of food, circled briefly over whales
on five separate occasions. These were two glaucous gulls (Lgsgg

hyperboreus), nine arctic terns (Sterna paradisaea), three unidentified

gulls, and an wunidentified bird. Terns and gulls investigated our

fluoroscein dye markers several times.
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On 16 August, white whales (Delphinapterus leucas) were in the general

area of bowheads, but the two spécies did not come closer than about 0.5 km

while they wer% at the surface. On 19 August, a ringed seal (Phoca hispida)

was seen about 100 m from the bowhead whale. White whales often make intense
sounds underwager,'although at higher frequencies than most bowhead sounds.
It is likely tﬂat bowhead and white whales knew of each other's presence on
several occasiéns. We do not know what, if any, effect the sounds of one

species had on fthe other.

On 18 Aug&st, we encountered a gray whale (Eschrichtius robustus) with

muddy water streaming from its houth, indicative of bottom feeding. The

whale was seen at 69°37'N, 138°30'W in an area with approximately six bowhead
whales; the gréy whale was about 500 m from the closest bowhead, and there
was no apparent| interaction between them. This was the only gray whale seen
during this study in 1982. Three gray whales were seen in the Canadian
Beaufort Sea in August 1980 (Rugh and Fraker 1981), and we saw one there in
the summer of 1981 (27 July 1981, 71°04'N, 129°37'W).

Year—-to-year Variations ’

From 1980, through 1982 we observed a steady progression in the August
-
distribution of bowhead whales near Tuktoyaktuk from shallow water near shore

to deeper water farther from shore (see Richardson et al. 1983a for
details).  In August 1980 whales came to within 10 km of the coastline along

the Tuktoyaktuk Peninsula; in August 1981 whales entered shallow water only

for a brief period late in the month; and in 1982 they did not do so at all.
We pbtained tw? sightings of bowheads in extremely shallow water (7-9 m)_off
the Mackenzie River Delta on 18 August 1982, but most whales that were within
easy flying range from Tuktoyaktuk were found on or near the continental
slope northeast of Herschel Island. In 1980-81 whales were present off
Herschel Islané in September, but in 1982 they were numerous there as early

as mid August.

Such a dramatic difference in\distribution'over the three years may be

due to many ) different ecological and behavioral factors. A prime
consideration may certainly be food supply. The fact that the types and

rates of feediﬁg behaviors changed from year to year is consistent with such

J
E
|
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an explanation. In 1980, whales in shallow water spent much time churning up
mud from the bottom, skim feeding at the surface, and possibly water-column
feeding in slightly deeper water. 1In 1981, little mud-churning was seen, and
most feeding appeared to be skim feeding and water-column feeding. While we
witnessed many defecations in 1980, we saw fewer in the deeper water where
whales concentrated in 198l. 1In 1982, we saw no direct evidence for feeding
and only one incident of defecation. However, whales were making longer
dives than in either of the two preceding years, and we assume that they were

often feeding in the water column out of sight.

Bowhead whales have a very finely fringed baleen which is the longest of
any whale species, and they are thus admirably suited for straining small
planktonic creatures from the sea. Braham and Krogman (1977) gave evidence
that bowheads feed mainly on copepods, amphipods, euphausiids, and pteropods
in Alaskan waters. We have found that summering bowheads tend to occur at
locations where copepod abundance is above average (Griffiths and Buchanan
1982) . Lowry and Burns (1980) examined five whales killed off Barter Island,
Alaska, in autumn and found about 60% copepods and about 37% euphausiids in
their stomachs. All five whales apparently had fed at least partially near
the sea floor; about 3Z. of the stomach contents consisted of mysids,
amphipods, other invertebrates, and fish. Lowry and Burns concluded from
stomach content analyses that 'A feeding dive probably involves swimming

obliquely from surface to bottom and back, feeding the entire time’.

Although this may be true at times, there is no direct information on
underwater feeding behavior. We suspect that the whales can detect
concentrations of prey and will open their mouths when appropriate. Durham
(1972) also suggested, based on stomach content analyses showing mud-dwelling
tunicates, vegetation, silt, and small pebbles, that bowheads feed at times
near the bottom. We are left with the overall impression that the bowhead
whale is perhaps a more catholic feeder than once thought, capable of taking
advantage of many different types of prey items at various locations in the
wafer column. It is unknown whether year-to-year changes in distributions of
prey may account for the -changes in bowhead distribution that we have

observed.
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As discussed above, whales were in close proximity to each other less
often in 1982 Ehan in the earlier two years. They were thus less often
classed as 'spcializing' (Table 7). “This year-to-year difference in
proximity may Be related to the difference in type of feeding. While skim
feeding at the |surface, whales are often in the cloée echelons described by
Wilrsig et al. (3982), which presumably provide some advantage. The proximity
necessary for lechelon feeding offers more chance for socializing, and
socializing before or after feeding in echelon may be important to that mode
of feeding. WLen whales appear to feed in the water column, however, they
usually do not stay as close together as when echelon feeding. Thus, water-
column feeding ﬁay neither require nor stimulate aggregations of animals, and
the suspected predominance of water—column feeding in 1982 may explain the
low socializiné rate that year. Even when there is no close socializing,
however, animais are often in a dispersed group within which acoustic
communication is probably possible. Our observations of surfacing and dive
synchrony by whales spread over distances of several kilometres indirectly

suggest that they may have been in contact by acoustic communication.

Mean values of all four of the principal surfacing, respiration, and
dive variables were higher in 1982 than in the previous two years, and this
increase was observed both in calves and older whales (see Appendix). As
discussed earlier, these increases do not appear to be attributable to the
increase in depth, but small sample sizes prévent us from separating depth
and year effects. In all three years, the number of blows per surfacing and‘
the length of[surfacing were positively correlated because blow intervals

were relativelf constant.

In 1980, calves at the surface were almost always accompanied by an

adult, whereas;in 1981 and 1982 calves at the surface were alone about 40% of

the time (Tablé 5). This was presumably due to a difference in the diving

behavior of the mothers. 1In all three years the dives of calves were shorter
than those of| non-calves, suggesting that calves were not capable of
accompanying their mothers on long dives. In 1981, females with calves dove

for longer peri%ds than did any other category of whales that year; in 1982,

females with calves also made long dives, but not as long as adults without

calves (Appendﬂx). The proportion of observation time that involved calves

i
|
|
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was higher in 1982 than in 1980-8l, although the calf sighting rate was
similar (Table 5). Blow intervals of females with calves were consistently
longer than those of other adults in all three years (see Appendix), perhaps

reflecting a lower activity level.

Thére were no year—to-year differences in the types of bowhead sounds
recorded, except for one possible new sound type in 1982, described above.
The rate of occurrence of blow sounds decreased considerably in 1982,
and the rate ;of occurrence of calls increased dramatically that year,
probébly at least 1in part because of the increése in depths of ‘water
frequented by the whales. The relative proportions of various call types
also changed in 1982, probably reflecting the lower rate of socializing and

the increased dispersion of animals.

Comparison With Other Baleen Whales

Bowhead whales spend their entire lives in arctic and near-arctic
waters, apparently never moving far from the ice edge. This habit separates
them from all other baleen whales, which may move into temperate or
subtropical waters (see, for example, review by Lockyer and Brown 1981). But
behavior is in large part determined by feeding mode and related ecological
factors (Gould 1982), and here similarities between bowhead whales and

several other species are evident.

Gray, bowhead, and right whales are often found in shallow water, and
all three species feed on small invertebrates. While gray whales usually
feed near the bottom (see for example, Bogoslovskaya et al. 1981), both right
and bowhead whales may skim their food at or near the surface (Watkins and
Schevill 1976, 1979; Payne in prep., for right whales; Wirsig et al. 1982 for
bowheads). But all three species are also adaptable in feeding behavior.
Gray whales will feed on mysids associated with kelp, for example (Darling

1977), and apparently feed on Pleuroncodes sp. in the water column (Norris et

al. in press). Right whales also feed below the surface, probably straining
swarms of copepods and other small invertebrates in the water column
(Pivorunas 1979; Payne in prep.). While it has long been known that bowhead

whales feed at the surface and in the water column (Scoresby 1820), it was
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i
recently established from stomach content analyses (Durham_1972; Lowry and
Burns 1980), ﬁnd by observing bowhead whales surfacing with muddy water
streaming from;their mouths (Wiirsig et al. 1982), that bowheads sometimes
feed near the ﬂottom. It is not surprising that we found many similarities
in the behavio; of these species. Bowhead and right whales, in particular,
are morphologi&ally and taxonomically quite similar, and appear to obtain
their food in Qery much the same ways. In fact, Rice (1977), mainly relying
on a detailed comparison of morphology of bowhead and right whales, suggested

that the two species be put in the same genus, Balaena.

The sleeker rorquals (Balaenopterid whales) generally gather their food
more actively bg lunging through concentrations of prey, and at least in the
case of humpback whales, have developed complicated behavioral strategies for
confining and concentrating their prey (Jurasz and Jurasz 1979{ Hain et al.
1981). The behavior of rorquals in general appears to be less similar to
that of the bowhead whale than.its behavior is to that of gray and right

whales.

Gray whales spend part of the winter in warm water, near the shores of

Baja California, and most of the summer they feed in the northern Bering and

spending their |winters in the pack ice of the Bering Sea, and their summers

southern Chukchi seas. Western Arctic bowheads make much shorter migrations,

predominantly %n the Beaufort Sea. The two species thus use the Bering Sea
at different éeasons--gray whales to feed in summer and bowhead whales
apparently to ?ate and calve in winter. In addition, the summer and autumn
habitats overlép in part. Both gray whales and bowhead whales feed in the

lower Chukchi Sea in autumn, and in the 19th century bowheads as well as gray

whales occurrei there in summer (Townsend 1935; Dahlheim et al. 1980). We
have seen a s%ngle gray whale in the Canadian Beaufort Sea during each of
our three yearé of bowhead whale work, but this represents the outer fringe
of the gray whale's summer range (Rugh and Fraker 1981).
i .
Like bowhéad whales summering in the Beaufort Sea, the primary activity
of gray whales summering in the Bering Sea is feeding. However, both

bowheads (Wﬁr%ig et al. 1982) and gray whales (Sauer 1963; Fay 1963)

occasionally socialize during summer. The blow rate of gray whales feeding
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near St. Lawrence Island in July 1982 was similar to, although slightly
higher than, the blow rate of non-calf bowhead whales in August 1982 (gray
whale mean = 0.93 + s.d. 0.229 blows/min, n = 67 whales; bowhead whale mean =
0.75 + 0.581 blows/min, n = 24 blow rates by 10 whales; gray whale data from
Wirsig et al. 1983). This is of interest because the whales were in each
case mainly engaged in feeding. The higher respiration rate in gray whales
may have to do with an inherent increased metabolic rate over that of bowhead
whales, perhaps since gray whales are of smaller size than bowhead whales.
The basic pattern of diving for several minutes and then surfacing, generally
for 4-10 respiratiomns, is also éimilar for the two species on their summer

feeding grounds.

The close similarities in behavior and vocalizations between right and
bowhead whales have been summarized by Wirsig et al. (1982). We here add
further examples of similarities based on observations of southern right

whales (cf. Payne in prep.).

Right whales, like bowhead whales, often abpear to feed in the water
column and to stay in the same general area for days. Right whales, like
bowheads, also skim feed at the surface (also described by Watkins and
Schevill 1976, 1979), and while skim feeding they at times aggregate into
echelons. In right whales, these echelons usually consist of only 3 to 6
.whales, while up to 14 bowhead whales have been seen (in 1981) skim feeding
in echelon. However, Payne's observations of right whales have been obtained
during the winter when little feeding occurs, and differences in feeding
details may be due to seasonal factors. The same argument may hold for
social activity. While the same kinds of nudges and pushes have been
observed for interacting whales of both species, the winter-spring social
activity of right whales is much more boisterous than the summer social
activity of bowheads. Observations of bowhead whales in spring indicate that
their social-sexual acﬁivity at that season can be every bit as boisterous as
is seen in mating groups of right whales (Everitt and Krogman 1979; Carroll
and Smithhisler 1980; Rugh and Cubbage 1980; Johnson et al. 1981; Ljungblad
1981). The belly-up position of a female bowhead photographed in spring in
the Alaskan Beaufort (Everitt and Krogman 1979) indicates that females may

attempt to evade potential mates who pursue them in large mating aggregations
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in the same way that female right whales evade males in Argentine waters
(Payne in prep.P. A photograph showing a remarkably similar mating group of

right whales is shown in Payne (1976). The fact that similar-looking social

aggregations are seen in both species argues for: a similar social system,

although it doe# not show that the social systems are similar in all details.

Payne (in prep.) recently found that most female right whales have young
only at intervéls of three years or more. This unexpectedly long calving
interval may hélp to explain why the right whale has not made as dramatic a
recovery'from ¢ommercial exploitation as has, for example, the gray whale.l
Payne also dis?overed that the right whale females that calve in his study
area along the Fhore of southern Argentina in winter are usually not present
in the years between calving. Each winter, a different segment of the
population of mature females is present, in a 3-yr cycle. It is not known
whether this cycling extends to the summer feeding grounds of these right
whales. Although there is no information on the calving interval of bowhead
whales, a long calving interval, similar to that of right whales, may be one
explanétion foﬁ their slow recoﬁery rate. This raises the possibility that
some kind of cycle may be present in bowhead whales as well. During the
present three :year study, year-to-year variation in feeding and social
behavior was dramatic, but we do not know whether this was due in part to
some cyclic and synchronized activity of individual whales, or whether the
differences werle the result of overall non-cyclic differences in distribution
and abundance. Recent efforts to develop. a catalog of individually

recognizable bowheads (Davis et al. 1982, 1983; D.K. Ljungblad, unpubl.)

should provide the basis for studies of the behavior and reproductive history
of individual animals. Such work should ultimately shed light on pqssible

long~term cyclical patterns, and will help us to ascertain the relative

importance of ﬂarticular areas to the biology of bowhead whales.

. Comparisons with Bowhead Whales During Migration

In the Beaufort Sea in summer, the predominant activity of bowhead

whales appears|to be feeding. We suggest that this generalization is not

contradicted bx the paucity of direct observations of feeding during August
1982; instead ﬁe interpret our 1982 observations as indicative of a shift in

the type of féeding to predominantly water—column feeding in . deep water.
i
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From 1980 through 1982, we observed dramatic variations in the type of
feeding both from year to year and from place to place within one year. 1In
addition to variable amounts and kinds of feeding, the bowheads in the
Beaufort Sea in summer engage in variable amounts of social activity and
aerial behavior; they do some travelling from place to place; and the young-

of-the-year are still apparently nursing, but spend variable amounts of time

separated from their mothers.

During both spring and fall migration into and out of the Beaufort Sea,
bowhead whales probably engage in all of the behaviors observed on the
summering grounds, but with different relative frequencies. Thus, while
travelling is the predominant activity during migration, socializing and
mating also occur, more often in spring than in summer or fall; feeding has
been reported both in fall and, rarely, in spring; aerial activity occurs at
least in spring; and young-of-the-year are closely associated with their
mothers, probably nursing. We will reviéw the evidence for each of these

types of activity in turn.

During spring migration, bowhead whales appear to do little feeding
before they reach the Canadian Beaufort Sea. Bowheads taken in Alaskan
waters in spring usually have nearly empty stomachs (see Marquette et al.
1982 for review). Some, however, do contain food, and it seems likely that
the amount of feeding during spring migration increases as whales approach

the summer feeding grounds.

Bowheads seen off northern Alaska in September as well as October have
usually been ‘described as migrating, but it is becoming clear that many of
these animals are feeding, loitering, and exhibiting behavior very similar to
that seen in the Canadian Beaufort Sea in summer. Bowheads may loiter for
considerable periods in the eastern portion of the Alaskan Beaufort Sea
during late August and September, and considerable feeding occurs at these
times between Kaktovik, Alaska, and the Alaska-Yukon border (Ljungblad et
al. 1980b; Lowry and Burns 1980; Ljungblad 1981 and pers. comm.). Bowheads
seen in this area in late August and early-mid September typically dive
repeatedly in the same locations, and do not begin to travel rapidly westward

until later in September. All 10 bowheads killed and examined near Kaktovik
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in autumn had | been feeding recently, mainly on copepods and euphausiids
(Lowry and Burﬁs 1980; Marquette et al. 1982; L. Lowry and T. Albert, pers.
comm, ). .These observations suggest that the eastern part of the Alaskan
Beaufort is a ﬁart of the main summer feeding range. Bowheads encountered
there before mid September are likely to behave in a manner very similar to
the behavior ?f bowheads feeding somewhat farther east in the Canadian
Beaufort. Si@ce their 'normal' behavior is similar, it is probable that

!

their reactions‘to sources of potential disturbance will also be similar.
Later in autumn, bowheads tend to travel more consistently and rapidly
toward the wesé. However, feeding has also been reported just east of Point
Barrow during several autumns, and also off the Soviet coast (e.g., Braham
aqdﬁKrogman 1977; Braham et al. 1977; Lowry et al. 1978; Johnson et al. 1981;
Marquette et al. 1982). The rate and consistency of feeding during fall
migrétion probabiy is lower than in summer, but quantitative data for

comparison are {(lacking.

The primary mating period of bowhead whales occurs in early spring and

appears to inc}ude the SPring migration (Everitt and Krogman 1979; Carroll
and Smithhisle£ 1980; Johnson et al. 1981; Ljungblad 198l1). Everitt and
Krogman (1979)5deécribed a particularly active mating group of six whales
seen on 8.May 1976 near Point Barrow, Alaska. We saw some evidence for
mating in the Canadian Beaufort Sea both in 1980 and 1981, but not in 1982.
Even the active rolling at the surface that we observed in 1981, however, was
not as boisterously active as the large mating group described by Everitt and
Krogman., Mati&g probably is more common during spring migration than during
summer in the %eaufort Sea. Non-mating social activity, detailed in this and
previous reporﬁs, also appears to be more common during the spring migration,
but quantitat%ve data for spring are lacking. The summer-to-summer

variability in:frequency and type of socializing that we have found may be

1
[

due in part to| variability in type of feeding, as was discussed previously.
During the AugPst-early September 1981 period, there was an indication of
less social i@teraction later in the period (Whrsig et al. 1982). This’
apparent waniné in social activity may be a continuation of the waning of
sexual activiéy that started in late spring. Detailed behavioral
observations.oq bowheads during fall migration have not been reported, so we
do not know whether socializing and mating occur during that season.

|
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Aerial activity similar to what we have observed in the eastern Beaufort
Sea-—-breaches, tail slaps, pectoral flipper slaps, and rolls--has been
observed in bowheads during spring migration (Carroll and Smithhisler 1980}
Rugh and Cubbage 1980). 1In addition, Carroll and Smithhisler reported spy
hopping, which we have not observed. Rugh and Cubbage recorded breaches in
23% of 280 bowheads observed in 1978 from Cape Lisburne, Alaska, a rate far
above what we observed, but also higher than the reports from other spring
observation sites. Although quantitative comparisons are not possible among
 the various observation sites, our impression is that aerial behavior is more
frequent during spring migration than on the summer feeding grounds. This is
consistent with the fact that Rugh and Cubbage (1980) observed the rate of
breaching to decline through the spring season. Behavioral observations

during fall migration have been too limited to allow comparison.

Travelling is clearly mofe pronounced in spring and late autumn than in
summer but bowheads sometimes move long distances within the July-early
September period. Carroll and Smithhisler (1980) estimated that 95% of the
time that bowheads were observed migrating past Point Barrow and Point Hope
in the spring, from 1975 through 1978, the animals ‘exhibited the normally
expected migratory surfacing patterns', i.e. were travelling. Similarly,
Davis and Koski (1980) and Koski and Davis (1980) found that Eastern Arctic
bowheads migrating along the coast of Baffin 1Island in fall travelled
consistently to the southeast. Ljungblad (pers. comm.) has found that after
a certain date in late September, varying from year to year, most bowheads
seen in the Alaskan Beaufort Sea are oriented westward, whereas before that
date most are feeding and loitering. We have no estimate for the percent of
time that bowheads summering in the eastern Beaufort Sea were actively
travelling; it was low but not zero. In 1982, whales often appeared to be
travelling, more often than in previous years and sometimes rapidly (Table
1). However, we usually could not be sure that these whales were travelling
as we watched them, because slow travel with long dives is difficult to
distinguish from what we consider to be water—column feeding. Although
direct observations of rapid travel during summer were infrequent, changes in
distribution from week to week and month to month provided proof that large
numbers of whales often do travel long distances within the eastern Beaufort
Sea and Amundseﬁ Gulf during summer (Renaud and Davis 1981l; Davis et al.
1982; see Richardson et al. 1983a in this report).
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Because the predominant activity of bowheads during spring and late fall
is travelling,| their surfacing pattern is slightly different from that

usually seen in summer, as mentioned earlier. During the intervals between
blows within a surfacing sequence, migrating bowheads usually make brief

shallow dives often called 'series' dives (Rugh and Cubbage 1980), perhaps

because of the| hydrodynamic advantage for a moving whale to avoid the air-
water inte;facé. Summering bowheads, on the other hand, often remain at the
surface between blows, probably because it is easier to breathe if the whale
remains at thé surface and because submerging provides no hydrodynamic

advantage if the whale is not trying to make forward progress.

The behav%or of bowhead calves during migration has not been described,
and nursing hds not been reported, so we cannot compare calf behavior in
different seas?ns. | Most calves are apparently born in winter or spring
before the whaies reach Point Barrow; nursing presumably occurs during spring
migration. Dévis and Koski (1980) reported detecting young-of-the-year
during the fall migration past Baffin Island in the eastern arctic by using
size relative to that of a closely associated adult. Ljungblad (pers. comm.)
has observed ﬁother—calf pairs in Alaskan waters in autumn. Thus, it is
clear that at ﬂeast some calves remain in the company of their mother for the
fall migration; There have been no reports of lone calves during spring or
fall migrationj but such animals would be difficult to detect. We know of no
information cqncerning. the age of weaning of bowhead calves, but some
southern right: whale calves remain with their mothers for one year and
ultimately sepérate from their mothers after returning to the wintering area

(Taber and Thomas 1982).

In order to compare the quantitativé data on surfacing, respiration. and

.dives that we}have gathered for summering bowheads with similar data for
|

migrating bowﬁeads, we must use caution. Different investigators have

gathered their| information and defined their variables in somewhat different

ways, because of differences in vantage point and in surfacing behavior of

the whales. The comparisons that seemed valid are presented here.
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" In comparison with our results, Koski and Davis (1980) found longer blow
intervals for Eastern Arctic bowheads migrating along the coast of Baffin
Island in the autumn of 1979 (our data for non-calves 1980-1982: 13.5 + s.d.
8.46 s, n = 2822; Koski and Davis: 16.1 + s.d. 8929 s, n= 399; t = 5.76,
p<0.001).

The overall mean number of blows per surfacing that we recorded for
non-calves in the eastern Beaufort Sea from 1980 through 1982 was 4.9 + s.d.
3.61 (n = 322), less than the values reported for bowheads on their spring

‘migration off Alaska by Carroll and Smithhisler (1980; mean = 6.5 + s.d. 2.84

blows per surfacing, n = 41; t = 2,73, p<0.01) and by Rugh and Cubbage (1980;
a mean of approximately 6.4 blows per surfacing). The overall mean length of
surfacing that we observed in non-calves during 1980-82 was 1.3 + s.d. 0.96
min (n = 368). This was slightly shorter than the approximate mean of 1.52
min that we derived from data collected by Carroll and Smithhisler (1980)
from bowheads during spring migration. Our value was between the means
reported for bowheads during fall migration in the eastern arctic by Davis
and Koski (1980; mean = 1.2 min, n = 16) and Koski and Davis (1980; mean 1.7
+ s.d. 1.0l min, n = 93; in comparison with our data, t = 3.55, df = 459,
p<0.001).

The length of dive that we observed in undisturbed non-calf bowheads
during summer varied more from year t6 year than did the previous variables
and had an overall mean from 1980-82 of 6.3 i;é.de 7.65 min (n = 156, range =
0.03 to 31.0 min). Braham et al. (1979) reported that dives of whales
migrating past Cape Lisburne, Alaska, in spring ranged from 1.7 to 28 min,
but those authors did not give a mean. Carroll and Smithhisler (1980) found
long dives, 15.6 + s.d. 5.0 min (n = 63), during spring migrafion; and Koski
and Davis (1980) found somewhat shorter dives of 8.65 + 2.73 min (n = 88)
duration during autumn migration in the eastern arctic. Both of these mean
dive times for migrating bowheads exceed our overall 1980-82 mean for
summering whales. However, our results from the summer of 1982 (12.08 + 9.15

min, n = 51) are more similar to previous observations during migration.
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Bowhead whales on their summering: grounds, including the eastern part of

the Alaskan Beaufort Sea up to mid September, appear to have the same basic
repertoire of pehaviors as do migrating bowheads. However, summering vs.

migrating bowhebds differ in the relative amounts of time spent in different

activities—-feqding, socializing, breaching and other aerial behavior, and
travelling. At least some of the differences appear to occur as a continuum
between season§ rather than an abrupt change. Travelling is the predominant
activity during spring and fall migrations, while feeding is the predominant
activity during summer. The average length of stay in any one area is
therefore 1ongér in summer, but considerable travelling occurs in summer .and
some feeding occurs during at least the fall migration. While quantitative
comparisons of [surfacing, respiration, dive and acoustic characteristics are
noﬁ always possible and need to be treated with caution, there appear to be

some significant differences between the seasons.
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ABSTRACT

Studies of% the behavioral responses of bowhead whales to activities
associated with offshore o0il and gas exploration and development were
conducted in the eastern (Canadian) Beaufort Sea during August 1982, This
work was a continuation of similar studies conducted in late summer during
1980 and 1981. The overall objective in 1980-82 was to assess the short—term
behavioral reactions of bowheads to noise and other stimuli associated with
specific types of offshore exploratory activities now occurring in the
Alaskan Beaufort Sea or likely to occur there soon. These include boat and

aircraft traf#ic, seismic exploration, -dredging and drilling.-

|
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In 1982, we emphasized studies of reactions to aircraft, seismic
exploration and drilling, but collected some additional data concerning
reactions to ‘boats. This report presents the 1982 data and some previously
unreported 1980-81 results in detail. It also re-examines some of the
previously reported 1980-81 results for comparison and pooling with the 1982
data.

Methods in 1982 were very similar to those in 1980-81. The 1982 work
was carried out in the Canadian Beaufort Sea throughout August. Both
experimental and observational methods were used. During experiments, we
tried to observe whales before, during and (when practical) after simulated
industrial activity. In 1982, we conducted one boat disturbance experiment,
two aircraft disturbance experiments, and three drilling noise playback
experiments. Besides these experiments, we also observed whales 1in the
presence and absence of aircraft, seismic‘exploration and drillships, and
compared their behavior in these situations. Again 1in 1982, most
observationé were from a Britten—Norman Islander aircraft circling over the
whales at an altitude of 457 m (1500 f£t), which is high enough to avoid any
major aircraft disturbance. Underwater sounds from whales and industrial
sources were recorded via sonobuoys dropped from the aircraft and via
hydrophones deployed from a boat. This boat was also used to conduct the

playback and boat disturbance experiments.

The one boat disturbance experiment in 1982 was conducted in the
presence of seismic noise with received 1evel\l32 dB//1 pPa.  This trial
replicated a 1981 experiment with the same 13-m boat in the presence of
stronger seismic noise (about 150 dB). In both cases, the whales began to
swim rapidly away as the boat closed to within 2-3 km. Thus, bowheads react
strongly-to an approaching boat even when they have already been exposed to

intense sounds from seismic exploration before the boat approaches.

Reactions to an Islander aircraft were evaluated based on all data
collected from 1980-82. New information from 1982 included (1) two
experiments in which we circled above whales at 457 m (1500 ft) and then
descended to 305 m (1000 ft), (2) a comparison of behavior observed from the
aircraft and from a quiet, drifting boat, and (3) subjective interpretation



‘ ‘
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I

of apparent éeactions of whales to the observation aircraft on other
occasions. l

Based onlresults from 1980—82, we conclude that bowheads often dove
precipitously ﬁn response to the Islander aircraft when it first approached
at 305 m aboveisea level (a.s.l.), and occasionally did so when we approached
at 457 m. In Fach of the four altitude experiments to date (two in 1982, two
in 1981), mea& interval between blows decreased when the aircraft descended
from 610 m a.sLl. to 457 or 305 ﬁ, or from 457 m to 305 m. This tendency was
not evident iﬁ the pooled data exclusive of the experiments or in 'small
samples of daéa collected in the presence and absence of the aircraft. The
discrepancy ma& reflect the greater sensitivity of the four controlled tests
on particularibowheads. Excluding data from those experiments, mean lengths
of time at the surface per surfacing were slightly reduced when the a1rcraft
circled at 457 518 m relative to those when it circled at 610 m, but there
was no clear qvidence of effects on respiration or dive characteristics. ' In
general, reac?ions to a circling aircraft were conspicuous if it was at 305
m, occasional;but not major at 457 m, and undetectable at 610 m.

|

We obseréed bowhead behavior in the presence of noise from full-scale
seismic exploéation on four days in 1982 and four days in 1980-8l1. There was
no clear evidknce that these whales were attempting to move away from the
seismic shipsi Bowheads usually continued to produce their normal types of
calls in the presence of seismic sounds. '

Detailed%comparisons of surfacing and respiration behavior of bowheads
in the preSe?ce and absence of seismic noise have provided inconsistent
results. In some but not all incidents, there have been indications that the
.usual cycles\‘of surfacing, respiration and diving were modified by the
seismic actiﬁity. Tﬁis was so on three occasions 1n .August. 1982 when
bowheads werﬁ seen 40-73 km from a vessel firing airguns. The apparent
effects were detectable only by a detailed quantitative analysis of the data,
and were not %onspicuous to experienced observers watching the animals. On
other occasiﬁns, including two incidents when a seismic ship was firing
sleeve explodgrs 13 and 6-8 km from whales, no similar effects on behavior
were detected!even by detailed numerical analysis.

[

!

|
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’Differences in seismic sound levels near the whales do not explain the
apparent inconsistency in the results. Peak levels of seismic sounds near
the whales on the three occasions in 1982 when effects appeared to be present
were 107-133 dB//1 pPa, or some 15-40 dB above the ambient levels prevailing
at those times in the 10-500 Hz band. Levels near the seemingly undisturbed
whales 6-13 km from a seismic ship were higher, about 141-150 dB.

During two controlled experiments with one 40 in3

airgun fired 5 and
3 km from bowheads in 1981, we found slight indications of altered surfacing,
respiration and diving cycles. The trends were consistent with those seen
40-73 km from full-scale seismic operations with airgun arrays. Also, during

one of these experiments, the whales stopped calling.

We suspect that the apparent inconsistencies in the results concerning
surfacing, respiration, diving and calling are a result of two main factors:
(1) actual differences in the responses of the whales to seilismic noise on
different occasions, 1ncluding possible habituation to ongoing seismic, and
(2) difficulties in detecting subtle behavioral effects in the presence of
great variability in natural behavior. However, the results show quite
clearly and consistently that summering bowheads normally do not swim away
from seismic vessels operating 6 km or more away. The importance of the
subtler behavioral reactions that sometimes seem to occur is not known.
Distributional evidence indicates that bowheads continue to use summering
areas where seismic exploration has been in progress each summer for many

years.

Drilling from artificial islands has not been in progress during our
field seasons. However, we did see bowheads as close as 10-12 km from an
operating drillship in 1982, and as close as 4 km in 1981. Industry
personnel reported closer sightings. The strongest tonal sound from the
drillship at 4 km range was about 111 dB//l pPa at 278 Hz. There was no
consistent indication of unusual behavior among whales observed within 20 km

of drillships.
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{
On two occasions in 1982, we completed controlled experiments in which

we broadcast 4rilling noise into the water near whales whose behavior was

observed both Pefore and during the playback period. Calling rate apparently
|

decreased during playbacks. There was some indication that the whales

increased the%r rate of dispersal away from the site of the underwater

projector during the playback period. However, the sample size was small and

. |
the reactions were not as conspicuous as those to close approach by a boat.

'
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INTRODUCTION

In recent years, much concern has been expressed about possible effects
of offshore o0il and gas exploration and development on bowhead whales. The
Western Arctic stock of this species, which is officially considered to be
endangered, moves through seQeral existing or proposed 0il lease areas during
its annual cycle of travel. Possible impacts on bowheads are one of the main
environmental concerns with respect to leases in the Alaskan Beaufort Sea,
since the whales travel and feed rather close to shore during their westward

migration through this area in September and October.

The concern about deleterious effects of offshore o0il exploration on
bowheads has centered around two main types of potential effects: (1) direct
contamination by o0il released via a blowout or spill, and (2) disturbance
effects. This study concerns disturbance effects. These effects could, in
theory, take several interrelated forms, including short-term behavioral
reactions, masking of sounds, displacement from particular areas in the short
and/or long term, physiological effects including stress, and effects on
population parameters such as reproductive rate. Previous literature
concerning disturbance effects on marine mammals has been reviewed by Geraci
and St. Aubin (1980), Acoustical Society of America (198l1), Fraker et al.
(1982), Richardson and Greene (1983) and, in most detail, Richardson et al.
(1983b).

In response to concerns about possible disturbance of bowhead whales by
offshore o0il and gas exploration and development, the U.S. Bureau of Land
Management funded a study of the behavior and disturbance responses of
bowheads in the Beaufort Sea. Results from the first two years, 1980 and
1981, are reported in Richardson (ed., 1982). The work was continued in 1982
under the auspices of the U.S. Minerals Management Service. The present
volume contains the results from 1982, with considerable integration of all

results from 1980 to date. The study as a whole has concentrated on

- behavior of bowheads in the absence of industrial activities (Wiirsig
et al. 1982, 1983), '



i
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- short-term behavioral reactions to nearby industrial activities
(Fraker‘et al. 1982; this report),

- characteristics of noise from these industrial activities (Greene
1982, 1983),

- distrib?tion of summering bowheads in 1980-82 in relation to the area

of offshore oil exploration in the eastern Beaufort Sea (Richardson et
al, 1983a) and

- characteristics of bowhead feeding areas (Griffiths and Buchanan
1982). |

The main kypes of industrial activities investigated in this study have
been boat and aircraft traffic, seismic exploration, dredging and drilling.
All of these activities are major components of offshore oil exploration on
continental shelves. All are either already underway or anticipated as
components of . offshore exploration in the Alaskan Beaufort Sea. Limited
information ahout reactions of bowheads to each of these »act1vities was -
obtained in 19§0—81.

|
i Objectives in 1982

!

MineralsJManagement Service specified that the highest priorities for
1982 were experimental and observational studies of reactions of bowheads to
aircraft trafch and to drilling noise. Studies of reactions to geophysical
survey vessels ('seismic') and to construction activity (dredging) were
secondary priorities, and studies of normal behavior were a third priority.

1 Approach in 1982

I

The stud% area and study period in 1982 were basically the same as in
the previously reported 1980-81 work. The work was again done in the eastern
(Canadian) part of the Beaufort Sea. Study conditions, e.g. day length,
weather, ice; conditions and accessibility of bowheads, are relatively
favorable there. Also, the occurrence of extensive offshore oil exploration
in the Cana?ian Beaufort Sea provides opportunities to observe the
Qistribution and behavior of bowheads near a variety of full-scale industrial

activities, iﬁcluding some that are not yet underway in the Alaskan Beaufort
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Sea. The accompanying section by Richardson et al. (1983a) describes the

exploratory activities now underway in the eastern Beaufort Sea.

‘'The behavior of the whales in the Canadian Beaufort Sea in August is
similar to that in the Alaskan Beaufort Sea during much of September—-
feeding, socializing and intermittent travelling (Wiirsig et al. 1982, 1983;
cf. Ljungblad 1981, in prep.). Hence, we believe that results from this
study will apply more or less directly to bowheads in the Alaskan Beaufort

Sea before the onset of rapid westward travel in late September or October.

The approach in 1982 was also similar to that in 1980-81. We again used
a combination of (1) comtrolled experiments simulating industrial activities,
and (2) opportunistic observations of distribution and behavior near ongoing
full-scale industrial operations. The controlled tests involved observations
of the behavior of a particular whale or group of whales before, during and
sometimes after exposure to simulated industrial activity. This approach
provided a way to detect alterations of behavior attributable to industrial
disturbance despite the presence of great natural variability in behavior.
The opportunistic observations were more difficult to interpret because of
the lack of control and simultaneous variations in many environmental
variables. However, they provided evidence about the presence and behavior

of whales near full-scale activities that we could not simulate adequately.

Noise is one attribute of offshore oil exploration and development that
may have a deleterious effect on marine mammals (Richardson et al. 1983b).
Some of our experimental approaches have involved testing the reactions of
bowheads - to noise in the absence of other types of stimuli (e.g. drilling
noise playback experiments in 1982; firing an airgun to simulate a seismic
ship at longer range in 1981). In almost all of our work relating to
disturbance, we have used sonobuoys and hydrophones deployed near whales to
record industrial and natural sounds in the water. Characteristics of these
industrial sounds are described in companion reports by Greene (1982, 1983).
His results have been used in this report during interpretation of the

reactions (or lack or reactions) of bowheads to industrial activities.
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GENERAL METHODS

As in h980—8l, most .behavioraL observations were made from a
Britten—Normaﬁ Islander aircraft circling over the whales. Some observations
were made from a 13-m diesel powered boat, the MV fSequel', which was also
used to deploy hydrophones and playback equipment, and to perform a boat
disturbance e%periment. The same aircraft was used in 1980-82, and the same

boat in 1981-82. Both were again based at Tuktoyaktuk, N.W.T.

Aerial Observation Procedures

|
The aircraft carried special equipment important for our work. It had

radar with ground-mapping capability, which we used to measure distances to
ships, islands, etc. It had long-range fuel tanks, inverters to provide AC
power, and windows that opened for unobstructed ﬁhoﬁography from each
right-side se?t. Positions and flight tracks were recorded manually from an

OnTrac VLF/Oméga navigation system.

Flight routes were chosen to search within the general areas where we
expected to ifind whales. During flights when no specific disturbance
experiment waé planned, the flight route normally was planned to pass near
several sites of ongoing offshore industrial activities (e.g., drillships,
artificial isiands). If whales were found near theése sites,. we usually
stopped searching for whales and circled to observe the behavior of those
near the ind&strial activity. If no whales were found near any of the

industrial sites, we searched for whales elsewhere, emphasizing areas to

which the boaé could be directed for later disturbance experiments.

When whales were found far from any industrial activities, we usually
circled to observe their 'normal' behavior (Wirsig et al. 1983). If aircraft
endurance permitted, we tried to observe these whales first from an altitude
of 457 m above sea level (1500 ft a.s.l.), and then we descended to 305 m
(1000 ft) to test their reactions to the observation aircraft.

While searching for whales in 1982, we flew at 457 m a.s.l. when cloud
cover was no‘lower than that. We sometimes searched for whales when clouds

forced us to fly lower, but we normally did not attempt to circle and observe
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whale behavior under these conditions., Work in 1980-81 indicated that the
whales could not be assumed to be 'presumably undisturbed' by the aircraft
when we circled below 457 m (Fraker et al. 1982). We usually did not fly
when wind speed exceeded 25 km/h. Whales are difficult to detect and to

observe in more severe conditions.

When we circled whales to observe behavior, we maintained an altitude of
457 m (except during aircraft disturbance experiments). If sufficient whales
were present to allow a choice; we selected one or more well marked
individuals to observe. When this was possible, we could re-identify an
individual from one surfacing to the next. ‘Near the start of the observation
period, we normally dropped one or more dye markers to identify the
approximate location of the whale during dives. Dye markers consisted of
fluoroscein in water within a small plastic bag that burst upon impact with
the sea. Usually we also dropped an AN/SSQ-57A sonobuoy with the dye markers

near the start of the observation session.

Information aboﬁt distances to any nearby vessels; islands, or other
industrial activities was recorded frequently throughout the observation
session. Distances were measured with the aircraft’'s radar when the
industrial site was within range. Otherwise, distances to known industrial
activities were determined indirectly by using the aircraft's VLF navigation
system to record the whale's location. The accuracy of the VLF system was
checked during each flight by comparing the indicated and actual latitude and

longitude coordinates of known sites.

The nature of the industrial activity, e.g. whether a nearby drillship
was drilling during an observation session, was determined either by direct
radio communication from the aircraft or subsequently from the records of the
operator. Underwater sounds detected by the sonobuoys also provided
important information about industrial activities, e.g. whether noise from a

distant seismic ship was detectable at the whale's location.

Behavioral observation procedures while we circled are described in
detail in Wiirsig et al. (1983). The aircraft crew consisted of the pilot and
four biologists. Two biologists on the right side of the aircraft dictated
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observations into the intercom system, which was connected to tape
recorders. Anéther observer on the right side operated a videotape recorder
whenever the Whale(s) under observation were at the surface. The fourth
biologist, on the left side, operated the sonobuoy receiving syétem and
watched for bowheads on the 'outside' of the observation circle. Table 1 in
Wirsig et al.. (1983) 1is a list of the dates, times and locations where
behavioral observations were obtained in 1982; it includes information about
nearby industrial activities.- Wiirsig et al. also 1list the behavioral
variables recorded routinely during the observation sessions, and describe
the procedures used for transcription, coding and analysis of the data.

The present report presents considerable reanalysis of relevant data
collected in 1980 and 1981 by Fraker et al. (1982).  Some values presented
here differ slightly from those in Fraker et al. because we now (1) exclude
data from calves in routine analyses, and (2) include dive and surface times
whose lengths:afe imprecisely known as long as the error could not exceed
5%. Also, some corrections to the 1980-81 data files have been made based on

further manual and computerized validation of those data.

Experiments in 1982

In addition to opportunistic observations in the presence and absence of
industrial opérations, three types of experiments were conducted in 1982: two
aircraft disturbance experiments, one boat disturbance trial, and two
drillship noi'se playback experiments (plus another incomplete playback
experiment). In each case, the procedure was to observe the ‘'presumably
undisturbed' behavior of one or more whales, and then to continue the
observations as the source of potential disturbanée was introduced. When
possible, obsérvations were to continue after the end of the period of
potential disﬁurbance. This procedure was the samé as we employed in 1980-81

in boat, aircraft and airgun experiments (Fraker et al. 1982).

The strength of this procedure is that it allows each whale or group of
whales to serve as its own ‘control'. This minimizes the potential for
confounding of the results by individual variation or extraneous factors such

as location, water depth, food availability, etc.
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Details of the procedures during each experiment are given in subsequent
sections where the results are presented. The aircraft disturbance
experiments could be done by the observation aircraft without additional
logistic support; we simply observed the whales.first from high altitude, and
then descended to lower altitude. Boat disturbance experiments were not
planned for 1982, but one was conducted when an opportunity arose.
Procedures for both the aircraft and the boat disturbance experiments were
similar to those that we employed for the same types of experiments in
1980-81 (Fraker et al. 1982).

The noise playback experiments required coordinated use of the observa-
tion aircraft and the MV 'Sequel', and were logistically more difficult than
our other experiments in 1980-82. The boat crew had to approach within about
1 km of whales, turn off the motor, drift quietly until the aircraft crew
had obtained an adequate sample of 'control' observations, and then broadcast
drillship noise into the water, Observations during the first half hour
after the boat's motor was turned off were not assumed to be ‘presumably
undisturbed’. Hence, it was necessary to obtain well over 1 h of
observations after the boat began to drift before the playback began.
Because of this, the endurance of the aircraft was a limiting factor; it was
essential to position the boat near whales early during a flight in order to
complete the experiment before the aircraft ﬁad to leave. Dispersal of the
whales away from the boat during the pre-playback control period was an

unavoidable problem.

A further and serious complication in 1982 was the occurrence of
numerous bowhead calves in the only area where experiments were possible.
Our permit under the U.S. Endangered Species Act and Marine Mammal Protection
Act did not allow us to conduct experiments on calves. In both playback
experiments that were completed, the playback period had to be delayed until
calves moved away. Because of limited aircraft endurance, this prevented us
from collecting a useful quantity of post-playback observations after either
experiment. In a third playback experiment, a calf appeared during the
playback period and the experiment was cancelled. In another instance, the
boat was successfully positioned‘near whales but the playback was never begun

because of calves in the area. Furthermore, the one boat disturbance
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experiment in 1982 was terminated prematurely when a mother and calf were

found ahead of ,the vessel, apparently trying to ‘outrun' it.

Recording and Analysis of Waterborne Sounds

The equipment and procedures used to record waterborne sounds are
described in the 'Industrial Noise' section (Greeme 1983). Two different
systems were uéed——sonobuoys deployed and monitored from the aircraft, and a
hydrophone dePloyed from the 'Sequel'.  Analysis techniques applied to
industrial no%ses and bowhead sounds are described in Greene (1983) and

Wiirsig et al. (1983), respectively.
REACTIONS OF BOWHEADS TO BOATS

Boats are the most widespread source of potential noise disturbance to
bowhead whales on their summering grounds in the eastern Beaufort Sea.
Bowheads may dlso encounter boats during fall migration to the Bering Sea,
but currently bowheads are rarely exposed to marine traffic on their
wintering grounds or during spring migration. Boats are mobile, relatively
numerous, and often quite noisy, thereby providing the . potential for
widéspread or%frequent ensonification of the water as well as for possible

collisions wiqh whales.

Previous ;work has shown that bowheads responded to boats in ﬁwo main
ways (Fraker et al, 1982). (1) Whales responded to nearby vessels by
decreasing their mean time at the surface, number of blows per surfacing, and
dive duration. Whales observed 3~4 km from an idling, stationary l6-m boat
showed decreased mean surface times and mean number of blows per surfacing.
(2) In addition, when boats closed to within 1-3 km, the whales swam rapidly
from the vegsels and scattered. Whales directly on a vessel's track
initially tried to outdistance it, but typically turned off the track as the
vessel came #ithin a few hundred metres., On occasions when we could watch
the whales after the vessel had passed, they ceased fleeing when the vessel
was 1-5 km aﬁay. We found no evidence that whales vacated any general area
in response to disturbance by a boat. However, their activities were

temporarily disrupted and their spacings increased when they scattered in
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response to boats. The long-term effects of more frequent vessel disturbance
cannot be determined from a short-term behavioral study of this type (see
Richardson et al. 1983a).

Boat disturbance studies were not identified as a high priority in the
1982 phase of this study. However, one systematic boat disturbance
experiment was conducted in 1982 using the MV 'Sequel’, the same vessel that
had been chartered for similar work in 1981 (Fraker et al. 1982). As was the
case for one experiment in 1981, interpretation of the results of the 1982
experiment is complicated by the presence of seismic noise. In addition,
opportunistic observations of whales were obfained frbm the 'Sequel' in
1982, Opportunities for detailed observations of whales in the presence of

other vessels did not occur in 1982.
Methods

The ‘Sequel', a former fishing boat, 1is powered by a single 115 hp
diesel engine (GM 471) and has a cruising speed of 14 km/h. The crew
consisted of the skipper, a behavioral observer, and an acoustician.

Observations were conducted from the flying bridge.

When bowheads were encountered by the fSequel', the observer estimated
y q

boat-whale distances and whale orientations visually for each surfacing. It
was generally not possible to follow specific whales through more than one
surfacing.because of difficulty in recognizing individuals after a dive.
Whale orientations were recorded by relating them to the face of a clock,
with 6 o'clock indicating a whale oriented directly toward the vessel, 12
o'clock indicating a whale oriented away, etc. (see Fraker et al. 1982, p.
165-166 for a more detaiied description). For analysis, whales oriented from
10 through 2 o'clock were considered to be oriented 'away' from the boat,
those oriented from 4 through 8 o'clock were facing 'toward' the boat, and
those oriented at 9 or 3 o'clock were 'neutral'. 'Expected' values in
statistical tests were weighted according to the proportion of a clock face
represented in each category. Distance and orientation data were collected
from 'Sequel’ on 15, 16, 18 and 19 August 1982 northeast and east of Herschel

Island, Yukon Territory (Y.T.), including observations during a boat
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disturbance experiment on 16 August (see below). These data were pooled with
previously unréported data obtained by the same observer aboard 'Sequel' when
she was off the Mackenzie Delta on 18, 19 and 25 August 1981. The pooled
data were used for analysis of whale orientations relative to distance from
the 'Sequel' under three conditions: (1) engine turned off within bast 30
min, (2) engine off for over 30 min, and (3) vessel underway at various

speeds.

On 16 August 1982, observers in the Islander aircraft directed the
'Sequel’ towafd a concentration of 6-11 whales near 69°44'N, 138°03'W,
northeast of ﬁerschel Island, where water depth is about 125-165 m. The
aircraft crew observed bowheads from an altitude of 457 m a.s.l. during the
five stages of the experiment summarized in Table 1. Whales were observed as
the boat moved at slow speed (7.4 km/h) for 51 min, drifted quietly with
engine off for 95 min, idled for 4 min, and moved at relatively high speed
(13.0 km/h) for 44 min. Data on the principal surfacing, respiration, and
dive characteiistics, orientations, distance and bearing from 'Sequel',
swimming speed, and general activity of whales within as much as 6 km of the
boat were recofded by the aircraft crew for comparisons between the stages of
the experimentl ~Whale sounds were recorded via a sonobuoy deployed near the
initial posit;on of the whales. For analyses of orientations, distances and
bearings, individual whales were tallied only once during each stage of the

experiment.

- Seismic pulses from the 'GSI Mariner', operating 52-61 km to the north
and northeast, were present throughout all stages of the experiment (see
Seismic section, 1later). The 'GSI Mariner' was travelling eastward and
firing its airgun array. The received levels of the seismic pulses were
127-132 dB//1 'pPa; the ambient noise level between seismic pulses was 99-102
dB//1 pPa in the 10-500 Hz band (C.R. Greene, pers. comm.).



Disturbance 134

Table 1. Description of events in a boat disturbance experiment involving
the boat 'Sequel' on 16 August 1982,

Time (MDT) Event

14:04-14:55:11 'Slow Boat'—-'Sequel' moves slowly (7.4 km/h at 1000
rpm) on a heading of 060°T toward 6 whales under
observation by the Islander aircraft crew.

14:55:11-15:25 'Post Boat'—-First half hour of drifting after 'Sequel’
shut off engine.

15:25-16:30:24 'Quiet Boat'--'Sequel' drifting with engine off for more
than 30 min.

16:30:24-16:34:25 'Idling Boat'-~'Sequel' starts engine and idles at 1000
rpm. '
16:34:25-17:18:35 'Fast Boat'--'Sequel' moves rapidly (13.0 km/h at 1500

rpm) on a heading of 330°T toward 8-11 whales under
observation by the Islander aircraft crew.

Results

Boat—based Observations

Bowheads observed from the 'Sequel' appeared to orient randomly relative
to the vessel, regardless of distance or whether it was stopped or underway
(Table 2, Fig. 1). Analysis of pooled 1981-82 observations from 'Sequel'
showed that orientations of whales within 900 m of fSequel' did not differ
significantly from random during periods when the boat was underway, quiet
for <30 min, or quiet for >30 min (chi-square = 2.16, 0.64 and 1.02,
respectively, with df = 2 in each case). Similarly, orientations did not
differ significantly from random for whales farther than 900 m from the boat
during either ‘engine off' condition; no data were available for the
‘underway' condition. The length of time since the engine was shut off did
not seem to affect the orientations of the whales at any distance. These
data collected from the boat should be interpreted cautiously, as the sample

sizes are small, the data were collected during seven days and in two years,
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Table 2. Orientations of whales observed from the ‘Sequel' on 15, 16, 18, 19
August 1982 and 18, 19, 25 August 1981, The whales' orientations relative to
the boat were recorded with respect to a clock face: 6:00 = toward the boat,
12:00 = away from the boat, etc. (see Fraker et al. 1982, for further
details). Each individual was tallied only once for each surfacing.

Orientation
Away Neutral Toward

Condition 12 11 +1 10 + 2 9 + 3 8 + 4 7+ 5 6 Total
Engine off <30 min

>900 m2 1 2 8 5 1 2 1 20

<900 m , 5 2 4 6 5 3 2 27
Engine off >30 min

2900 m 0 2 8 5 1 2 1 19

<900 m ) 4 2 3 6 5 3 2 25
Engine engaged .

2900 m No Data -

<900 m 6 4 7 3 4 6 2 32

2 Distance of whales from 'Sequel’.

and some data were collected in the presence of other types of possible

disturbance aside from the boat itself.

Boat Disturbance Experiment

On 16 August 1982, bowheads responded strongly to 'Sequel's’ approach by
swimming rapidly away from the vessel. All observations described here were
obtained from an aircraft circling 457 m a.s.l. overhead. When 'Sequel’
moved rapidly (13.0 km/h), eleven whales for which orientation records were
obtained by aerial observers oriented away from the boat. For ten of these
whales, position relative to the boat was also estimated (Fig. 2). During
"the ‘slow boat' (7.4 km/h) stage of the experiment, 7 of 1l whales observed
by aerial observers oriented away; the other four whales were abeam of the
vessel and oriented behind it. The three orientation records obtained while
'Sequel’s' engine was off included whales oriented neutrally or toward the
vessel. All seven records of medium or rapid swimming occurred while the
boat was underway; all eight records of slow swimming or no forward movement

occurred when 'Sequel' was drifting with its engine off. Sample sizes were
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SLOW BOAT

POST AND QUIET BOAT

N

Sequel

Skm

Sequel

FAST BOAT

o Sighting of | whale
of known orientation

®" Calf

@® Sighting of | whale,
orientation not recorded

FIGURE 2. Positions and orientation
of whales relative to
'Sequel’ during the boat
disturbance experiment on
16 August 1982. Each
individual whale is tal-
lied only once for each
engine condition. All
observations are from an
aircraft circling over-
head. Seismic noise was

present throughout.
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too small to define clearly the range of distances over which swimming speed
and orientation were affected, but the whales apparently were reacting at
distances at least as great as we have found in previous experiments.
One whale 6 km from 'Sequel' oriented away from the vessel, and a mother-calf
pair 3.4 km ahead of the boat swam rapidly away, within touching distanée of
each other, while the boat moved toward them at 13 km/h. The experiment was

terminated when we noticed this mother-calf pair.

We did not detect any effects of engine condition or movement of
"Sequel' on surfacing, respiration, and dive characteristics of bowheads
during the 16 August 1982 experiment. Analysis of variance for blow
intervals found no significant difference between engine conditions (Table 3,
Fig. 3). Comparison of mean blow intervals for the two extreme engine
conditions, 'quiet boat' (engine off for >30 min) vs. 'fast boat', again
found no significant difference. Sample sizes for other quantitative
variables were too small for statistical comparisons; no consistent patterns

relative to engine condition were found.

Loud calls by bowheads were heard much less often when the boat's engine
was running (1 loud call in 47 min) than in the preceding period while the
boat drifted quietly (22 loud calls in 65 min; data compiled by C.W. Clark).
This may have reflected a reduction in calling rate in the presence of boat

noise. However, increasing mean distance between the whales and the sonobuoy

may also have been partly responsible.
Discussion

Fraker et al. (1982) described our previous results concerning reactions
of bowheads to vessels, and Richardson et al. (1983b) reviewed the available
literature about responses of marine mammals to vessels. Here we discuss,

for the most part, only the new information from 1982,

The responses of whales to 'Sequel' as determined by boat-based
- observations were not nearly as marked as those to the 'Imperial Adgo' during
1980 (Fraker et al. 1982). Whales within 900 m of 'Adgo' oriented away from

the vessel while its engines were idling or engaged. Differences between
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Table 3. Surfacing, respiration, and dive characteristics of whales observed
near the boat 'Sequel' on 16 August 1982. Seismic noise from the vessel 'GSI
Mariner', 52-61 km away, was evident throughout the observations. Calves are
excluded. All: observations were by aircraft-based observers.

Mean s.d. n

Blow Interval (s)

Slow boat 14.69 6.053 35
Post-boat 17 .64 9,805 22
Quiet boat 16.58 12.487 31
Idling boat 16.11 5.326 9
Fast boat 15.04 5.217 28

No. Blows/Surfacing
Slow boat 9.00 5.196 3
Post-boat 8.00 - 1
Quiet boat 3.86 - 3.805 7
Idling boat 6.00 - 1
Fast boat 5.00 2.944 4

Duration of Surfacing (min)

Slow boat 2.07 0.910 5
Post-boat 3.11 0.562 3
Quiet boat 1.45 0.924 8
Idling boat 1.78 0.094 2
Fast boat 1.38 0.758 3
Dive Duration (min)
Slow boat 8.35 3.751 3
Post—-boat -. - 0
Quiet boat 5.94 7.994 8
Idling boat 1.42 - 1
Fast boat 11.48 12.457 2

Blow Rate (No. blows/min)

: Slow boat 0.89 0.740 2
Post-boat - - 0
Quiet boat - : 0.83 0.764 6
Idling boat - - 0
Fast boat 1.93 - 1
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Surfacing, respiration and dive characteristics of bowheads observed
near the boat 'Sequel' on 16 August 1982 in the presence of seismic
noise. The mean, + 1 s.d. (line), + 95% confidence interval
(rectangle), and sample size are shown. No 957 confidence interval
is shown for dive durations, which were skewed. Individual points
are plotted when the sample size is ' very small. Calves are
excluded. All observations were by aircraft-based observers.
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responses to. the two vessels may be related to differences between vessels
and to the manner in which the data were gathered. The 'Adgo', a 16-m
twin-engine crew boat, is larger and faster (speed up to 41 km/h) than
'Sequel’. Thegresponses to 'Adgo' were recorded within a 5-d period, whereas
the data from 'Sequel' were obtained under a variety of conditions over seven
days in two years. Such pooling may reduce the sensitivity of comparisons,
since bowhea@s have many different behavior patterns and may react

differently during different situations.

The pronounced flight réspdnse observed from the aircraft during the
1982 boat disﬂurbance experiment was consistent with responses observed in a
similar situation by Fraker et al. (1982). On 25 August 1981, 'Sequel'
approached whales 8 km from an active seismic vessel. As the vessel
approached to within 2.5 km, the whales ceased their play activity, next
attempted to outdistance the vessel, and then turned to move at right angles
to the boat's track. Rapid movement away from the vessel continued until the
vessel, moving at full speed, was 5.6 km past the whales. The same types of
responses were;also observed during boat;whale interactions in the absence of
seismic noise in 1980-81 (Fraker et al. 1982). . However, during the two
incidents  studied in 1981, the responses occurred at greater distances from
the vessels than during two incidents in 1980. Fraker et al. (1982)
suggested that this seemingly greater sensitivity in 1981 may have been
attributable to cumulative effects from multiple sources of - potential
disturbance. :Responses observed during the 16 August 1982 experiment were
evident at gr?ater distances than during 1980, and also occurred in the
presence of muitiple potential disturbances (boat plus seismic noise). Thus,
the 1982 experiment is consistent with the possibility that bowheads are more
sensitive to boats when in the presence of multiple sources of potential

disturbance.

Our resuits to date indicate that bowheads react strongly to close
approach by a:boat. The reaction is more conspicuous than to any of the
other types of potential disturbance that we have studied. The fleeing
response does not persist for long after the boat moves away, but increased
inter-individual spacing sometimes continues longer (Fraker et al. 1982).

This presumably causes some social disruption when the animals have been
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interacting before the boat arrives. The biological significance of this
disruption is unknown. It is also unknown whether the disturbance effect
might be more severe 1if the fleeing reaction were constrained by ice or

shallow water, as might be the case if bowheads encountered vessels in leads.
REACTIONS OF BOWHEADS TO AIRCRAFT

The responses of bowheads to aircraft are of interest for several

reasons:

l. Aircraft, particularly helicopters, are used extensively during
- offshore exploration for and production of o0il and gas. Reactions
of bowheads to aircraft could be one form of disturbance.

2. Most of our observations of bowhead behavior have been obtained from
an aircraft circling overhead. It is important to confirm that the
aircraft 1is not affecting the animals appreciably during these
observations. For purposes of describing normal, undisturbed
behavior of summering bowheads, whales observed from the aircraft
while it circled at 457 m or more a.s.l. were considered to be
'presumably undisturbed' (Wiirsig et al. 1982, 1983). Observations’
from lower altitudes were considered to be 'potentially disturbed by
aircraft' and were excluded from most of the analyses in Wiirsig et
al. This criterion was based on analysis of behavior of whales
observed while we circled above and below 457 m altitude during
1980-81 (Fraker et al., 1982).

3. Adrcraft are often used to locate and census bowheads, and to
estimate the size and age composition of the population (e.g.,
Ljungblad 1981; Cubbage and Rugh 1982; Davis et al. 1982).
Knowledge of responses to an approaching or circling aircraft is
important in assessing the reliability of this methodology. For
example, differential responses of adults and calves to aircraft
could bias aircraft-derived estimates of reproductive rate.

Observations during 1980 and 1981 suggeéted that our aircraft usually
affected the whales' behavior when it circled whales at 305 m a.s.l. or
below, but usually did not have a noticeable effect when it circled at 457
m. Typical reactions to the aircraft included some combination of reduced
surface time, reduced blow intervals, and hasty initiation of a dive. No
effects were detected when the aircraft circled at 610 m or above (Fraker et
al. 1982). During 1982 we recorded additional cases of apparent disturbance
owing to the presence of our aircraft, conducted two experiments comparing

observations from 305 m and 457 m, and compared behavior during other periods
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when the airc?aft circled at various altitudes. In addition, behavioral
observations ﬁrom a quiet boat were compared to those obtained from our
ailrcraft under%otherwise similar circumstances.
; Methods

As in 19$0—81, instances when observers in the aircraft believed that
whales were béing disturbed by the aircraft were recorded during'periods of
detailed beha%ioral observations and during searches for whales.  The
criteria used in assessing'the occurrence of disturbance in these cases were
somewhat subjektive, but were based on considerable experience concerning the
normal behaviér of bowheads. Indications of disturbance included unusual
changes in ori%ntation, unusually fapid surfacings or dives, general movement
out of the are? under oBservation, and an abrupt initiation of tail slaps.

The oppoétunity to observe undisturbed whales in the absence of the
aircraft occur%ed only once during each of 1982 and 1981. Though the samples
were small, th;se observatipns providgd'a means for assessing the effects of
a circling aiécraft. On 15 August 1982, two adult whales were observed for
57 min (22:21{23:18 MDT) from the MV 'Sequel' as it drifted on a flat calm
sea at 69°30'ﬁ, 138°13'W in water 128 m deep east of Herschel Island. The
vessel had bee% drifting with engine off for 56 min prior to the initiation
of observatioﬁs. The whales were within 900 m of the vessel during
observations. iSurfacing and respiration characteristics of these two whales
were compared ;to those of 'non-mother, non-calf' whales observed from the
aircraft in thé same area (and similar water depths) on 16 and 19 August 1982
under presumably undisturbed circumstances. The aircraft circled at 457 m
a.s.l. altitud? on Both 16 and 19 August. - Similarly, whales were observed
from the Hers?hel Isiand shore sﬁation before the aircraft arrived on 3
September 1981; Because of variable ceiling conditions, the aircraft circled
over whales a# various altitudes from 152 m to 396 m over the next 57 min.
As the whales; under observation were 2.5-3.2 km from shore, only blow
intervals c0u1§ be recorded reliably from the shore station before and during
the présence 6£ the aircraft (Fraker et al. 1982). The results of this 1981
'shore vs. pléne' expériment are included for comparison with the Analogous

1982 results from 'quiet boat vs. plane',
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Two experiments were conducted in 1982 to examine the effects of
aircraft altitude on the whales' behavior patterns. Using our Britten-Norman
Islander observation aircraft, on 8 August 1982 we circled over and observed
whales from 457 m for 89 min before descending to 305 m and observing whales
in the same area for 68 min (Table 4). - On 31 August 1982, a whale was
circled at 457 m for 113 min before we descended and continued observations
from 305 m for 99 min. Comparable experiments involving observations of
whales from various altitudes were conducted- on 6 and 8 September 1981
(Fraker et al. 1982). Observation altitude during 1981 ranged from 305 m to
610 m; details of these experiments are included for comparison with the 1982
study (Table 4).

Additional comparisons of the surfacing, respiration, and dive
characteristics of bowheads observed from different altitudes were made using
observations exclusive of those during the aircraft altitude experiments.
Behavioral observations obtained when the aircraft was the only potential
source of disturbance were categorized according to aircraft altitude: 427 m
or less, 457-518 m, and 610 m a.s.l. and above. In 1982, all observations
outside of the two altitude experiments occurred within the 457-518 m

category.

Table 4., Summary of aircraft disturbance experiments during 1982 and 1981.

Aircraft Water
Altitude Depth No. of
Date _ Location Time (MDT) (m a.s.l.) (m) Whales
8 Aug 1982 70°00'N 17:26-18:55 457 150-155 5
138°00'W 18:57-20:05 305
31 Aug 1982 70°30'N 10:15-12:08 457 550 1
136°47'W 12:08-13:47 305
6 Sep 1981 69°56 ' N* 17:53-19:18 610 53*% 6-107?
139°57'W 19:22-19:40 457
19:41-20:02 305
8 Sep 1981 69°38'N* 21:12-22:00 610 26-30% 10-157?
139°30'wW 22:00-22:16 305
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Results

Occasions with%Apparent Reactions

Instanceséthat were considered by observers aboard the aircraft in 1982
to be overt re%ponses to the aircraft are presented in Table 5. This table
includes six éases of notable variation from 'normal' patterns of movement
and activity, @s interpreted at the time of observation. Such interpreta-
tions were baQed on both instantaneous observations of changes in behavior,
such as suddenéand seemingly abnormal dives as the aircraft first approached,
as well as ?hanges that were apparent over longer periods of time.
Observations dﬁring periods when other potential sources of disturbance were

present (e,g.;fseismic noise, boat nearby) are not considered in Table 5.

Brief or .rapid surfacings and dives, changes in orientation, and tail
slaps were the most frequent apparent responses to our aircraft during 1982.
Similarly, in?1980 and 1981 whales occasionally dove almost immediately in

apparent respopse to the aircraft as it first approached at altitudes of 305

able 5. Instances of apparent disturbance of bowheads by the BrittenmNorman Islarder aircraft during
982. See text for discussion.

Aircraft
bs. - Altitude
0. Date (m a.s.l.) Whale Activity Apparent Reaction to Aircraft
1 4 Aug 1982 274 Rapidly travelling  Tail slaps
2 4 Aug 1982 274 Rapidly travelling Changed orientation _
3 4 Aug 1982 152 - Unknown  Tail slaps
4 19 Aug 1982 457 Unknown o Gradual reduction in the mmber of
‘ whales within our circle of
observation
5 24 Aug 1982 457 Aﬂult—calf pair, - Brief surfacings and dives
: travelling
6 - 31 Aug 1982 457 - - Travelling -+ - Turned on two occasions as aircraft

approached
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m or 457 m a.s.l. (Fraker et al. 1982, p. 189). In addition, whales
sometimes moved gradually out of the area being circled, and we occasionally
suspected that this was in response to the aircraft. On 19 August 1982 we
circled an area that contained about 10 whales when we arrived. After we
had circled for about 1.7 h, most of the whales had apparently left the area,

possibly owing to the prolonged presence of the aircraft.

Our six observations of apparent disturbance in 1982 occurred when the
aircraft was at various altitudes from 152 to 457 m a.s.l. Three of these
observations were from 457 m, and three from lower altitudes. Except for the
two experiments on 8 and 31 August, almost ail of our detailed behavioral
observations in 1982 were from 457 m. The three cases of apparent reactions
to the aircraft when it was below 457 m were obtained when we flew below low
clouds to search for whales. The relative frequency of conspicuous reactions
to the aircraft at low altitudes was much higher than that when it flew
higher, considering the small proportion of flying time spent at 1low
altitudes.

During 1981, the four observations of apparent disturbance occurred when
the aircraft was at an altitude of 457 m a.s.l. (3 cases) or 194 m (once).
Again, we rarely circled at altitudes below 457 m in 1981. No overt
responses were noticed when we were at altitudes above 457 m, although
several flights involved observations from 610 m (Fraker et al. 1982). 1In
1980, observations were made from a wider variety of altitudes, including
frequent observations from 305 m or less, as well as frequent observations
from 610 m or more. All 17 instances of .apparent disturbance in 1980

occurred when the aircraft was at 305 m or below.

These observations, although subjective, 1indicate that bowhead whales
sometimes react immediately to an approaching Islander aircraft, generally by
diving suddenly. Sudden dives are recognizable because the sequence of
motions that normally occurs 1in the seconds before a dive 1s quicker or
incomplete. This reaction is a short-term one and does not always occur when
the aircraft approaches, even at altitudes less than 457 m. The observations
provide some indication that prolonged circling may result in further changes

in behavior, but this 1s less clearly evident than is the sudden dive that
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often OCCure és an aircraft first approaches or first passes overhead. These
observations 4150 provide a strong indication that the degree of disturbance
is related tofthe altitude of the aircraft; conspicuous reactions are rather
frequent whenéthe Islander aircraft approaches or circles at 305 m or lese,

infrequent when it is at 457 m, and not detected when it is at 610 m or more.

Behavior in the Presence and Absence of Aircraft

Behavior%of two adult whales observed from the quietly drifting boat
'Sequel' on ﬁS. August 1982 was compared to that of all 'non-mothers,
non—calves' o@served from the Britten-Norman Islander circling at 457 m
a.s.l. in the same area on 16 and 19 August (Table 6). We excluded from
these compariSons all observations obtained in the presence of other sources
of potentlal disturbance, aside from the aircraft. For all variables
considered, mean values derived from both observation platforms were within
the usual ranges observed from the aircraft. However, the mean blow interval
was significantly longer in the presence of the aircraft (t = 2058, daf = 204,
p<0.02; Fig. 4). This result must be interpreted with considerable caution
because the c#rcumstances of the two sets of observations differed in several
ways. Also, pnly two whales were observed in the absence of the aircraft,

whereas observations from the aircraft involved many different whales.

Only one other opportunity to collect behavioral data in both the
presence and absence of the alrcraft has occurred. On 3 September 1981,
whales were opserved from the shorL station on Herschel Island prior to the
arrival of the Islander aircraft, ;nd &hile the aircraft circled in the area
at altitudes éf 152-396 m (Fraker et al. 1982). Blow intervals observed from
shore were quite similar (p>0.6) before and after the aircraft began circling
(Fig. 4). Hoyever, this comparison is of questionable validity because the
aircraft apparently was circling whales somewhat farther offshore than those
being watchedgfrom shore. A more meaningful result is that blow intervals

observed from; the aircraft were also similar to those observed from shore

(p>0.5; Frakef et al. 1982).
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Table 6. Surfacing, respiration and dive characteristics of two bowheads
observed from the boat 'Sequel' drifting quietly on 15 August 1982 in
relation to those of 'presumably undisturbed'? 'non—mother, non-calf' whales
observed from the Islander aircraft in the same general area on 16 and 19
August 1982,

Observation
Variable platform Mean s.de n min max
Blow Interval ~-'Sequel', 15 Aug 11.16 3.324 82 1 22
(s)

-'Plane', 16 + 19 12.49 3.812 124 4 33
No. Blows/ -'Sequel’, 15 Aug 14.50 '3.391 6 8 17
Surfacing

-'Plane', 16 + 19 12.22 2,682 9 7 16
Duration of -'Sequel’, 15 Aug 2.43 0.664 6 1.43 3.12
Surfacing
(min) -'Plane', 16 + 19 2.54 0.546 10 1.47 3.40
Duration of “*Sequel’, 15 Aug 16.77 6.220 5 9.57 25.03
Dive (min)

~'Plane’, 16 + 19 17.88 1.638 2 16,72 19.03
Blow Rate ~*Sequel’, 15 Aug 0.76 0.234 3 0.61 1.03
(No. Blows/
min) -'Plane', 16 + 19 0.51 0.236 2 0.34 0.68

2 All aircraft-based observations were collected while the Islander aircraft
circled at an altitude of 1500 ft (457 m); occasions with seismic, boat and
drilling noise are excluded.
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FIGURE 4. Blow intervals of bowheads observed in the presence and absence of
theiBritten—Norman Islander aircraft. The observation platforms are
indicated along the bottom of the diagram. Calves are excluded.
Preéentation as in Figure 3.
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While the 1982 observations suggest that there may be minor changes in
the blow intervals of bowheads in the presence of an aircraft circling at 457

m a.s.l.,, the results are not conclusive.

Observations from Different Altitudes: Altitude Experiments

On four days in 1981 and 1982, we circled whales at high altitude and
then descended to circle the same whales at lower altitude. This section
compares the surfacing, respiration and dive characteristics of these whales

as the aircraft circled overhead at various altitudes.

8 Angust 1982. —-- Four non—-calf whales and one calf were observed during
an aircraft disturbance experiment on 8 August 1982. The aircraft circled
first at 457 m a.s.l. and then at 305 m (Table 4). Blow intervals of non-
calves were not statistically different while the aircraft was at 457 and 305
m, but tended to be shorter at the lower altitude (Table 7, Fig. 5).
Significantly more blows per surfacing were observed when the aircraft was at
305 m altitude than when it was at 457 m (t = 3.11, df = 10, p<0.02). Dive
durations were also significantly greater while the aircraft was at 305 m

altitude (Mann-Whitney U = 3, n = 4,7, p<0.05).

Two individual whales, a calf and its presumed mother, were observed
from both altitudeé on 8 August 1982. The principal surfacing, respiration,
and dive characteristics of these indiQiduals are summarized in Table 7. As
most of the observations during the experiment were of the mother, the
similarities in the patterns for all non-calves and the mother are not
surprising. As in the analysis of all 'non-calf' data, the number of blows
per surfacing was significantly greater at the lower altitude (t = 2.85, df =
7, p<0.05). The mother tended to dive for longer periods when the aircraft
circled at the lower altitude, but the difference was not statistically
significant. Blow rates were significantly higher for the mother when the
aircraft circled at 305 m a.s.l. (t = 2,77, df = 5, p<0.05). The mother's
blow intervals teﬁded to be shorter and time at the surface longer when the
aircraft was at the lower altitude, but the differences were not
significant. Sample sizes for the calf were very small, and we found no
significant differences in any of the principal surfacing, respiration, and

dive characteristics of the calf relative to aircraft altitude.
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|

31 Angusé 1982, —--A single whale was observed during an experiment on

31 August 19823(Tab1e 4)., As on 8 August, the ﬁhaie was circled first at 457
m a.s.l. and ﬁhen at 305 m. No other sources of potential disturbance were
nearby, althoﬁgh a drillship and supply vessel were present about 18 km
away. Blow iﬁtervals were significantly shorter when the aircraft was at the
lower altitude (Table 7 and Fig. 5; t = 2.59, df = 91, p = 0.01). Sample
sizes for othér variables were small, and no other statistically significant
differences wére found. However, the number of blows per surfacing and
duration of s?rfacing tended to be greater while the aircraft was at the

lower altitude, as on 8 August 1982,

6 and 8 September 1981. -- Similar experiments were conducted on 6 and 8
September 198ﬁ (Table 7, Fig. 5; Fraker et al. 1982). Some values presented
here differ Sﬁightly from those in Fraker et al. because of new criteria for
acceptance of .data. In both experiments, blow intervals were significantly
shorter when ﬁhe aircraft was at the lower altitude(s). On 6 September the
overall differences among the three altitudes were significant (ANOVA, F =
6.04, df = 2,@22, p<0.01) and, in particular, blow intervals were shorter
when the airéraft was at 457 m and 305 m than when it circled at 610 m
(Student—Newm%n—Keuls multiple comparison). Similarly, on 8 September 1981
blow interval§ were significantly shorter when the aircraft circled at 305 m
than at 610 m: (t = 2,45, df = 148, p<0.05). These results are consistent
with those seén in the 1982 experiments. For other variables, no statisti-
cally significant differences were found during the 1981 experiments.
However, the duration of surfacing and number of blows per surfacing tended
to be less for whales circled at lower altitudes-—contrary to the trends in

1982 (Fig. 5).’

Turning. -- The incidence of turning was examined to test the assumption
that changes .in orientation are indications of disturbance by aircraft.
Table 8 showsfthe number of surfacings during which turns did and did not
occur while tﬂe aircraft circled at each altitude. 1In 1982, considering both
experiments together, turns were slightly ﬁore frequent when the aircraft
circled at 305 m a.s.l. than at 457 m, but the difference was not statisti-
cally significant (contingency ch12 = 0,77, 4df = 1, p>0.3). When the

aircraft was at 305 m, the percent of surfacings that contained turns (55%)
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Table 8. Incidence of turning by mon—calf bowheads observed during aircraft disturbance
experiments in 1982 and 198l. The few socializing animals are excluded; turning frequency
is higher for socializing bowheads (Wiirsig et al. 1983).

Numnber of Surfacings

With Turms Without Turns Total
Altitude No. of
(m a.s.1.) Observed Expected® Observed Expected  Surfacings

8 Aug 1982 457 2 2.56 6 5,44 8

305 0 0.9 3 2.04 3

31 Aug 1982 457 2.56 4 5.44 8
305P 6 2.56 2 5.44 8

8 + 31 Aug 1982 457 6 5.12 10 10.88 16
305 6 3.52 5 4,08 11

6 Sep 1981 610 5 4.32 13 13.68 18

457 1 .44 5 4.56 6

305 3 1.68 4 5.32 7

8 Sep 1981 610 1 4,56 18 14.44 19

305 1 2.40 9 7.60 10

6 + 8 Sep 1981 610 6 8.88 31 28.12 37
457 1 1.4 5 4,56 6

305 4 4,08 13 12.92 17

4 Expected values from Wirsig et al. (1982, 1983). In 1982, turns were observed in 32%
of surfacings by undisturbed nomsocializing whales. 1In 1981, the corresponding value
was 247%.

b thi-square = 6.80, df = 1, p<0.01
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exceeded the 32%Z value for all 'presumably undisturbed' non-socializing
whales in 1982 (Wiirsig et al. 1983). However, the difference was not
significant (goodness of fit chi2 = 1.95, df = 1, p<0.3). In 1981,
similarly, there was no evideﬁce fhat turns were more frequent when the

1,

aircraft circled at 305 m versus 610 m (contingency chi? = 0.41, df
p>0.5). The sample sizes were too small for this analysis to be conclusive,

but turning did not appear to be a consistent response to the aircraft.

Call Rates. —— A sonobuoy was deployed near the initial location of the
whale(s) in each of the two 1982 experimenté. Calling rates were lower when
the aircraft was at 305 m a.s.l. than during the preceding period at 457 m.
This may have been a real effect, but may also have been an artefact of the

gradual increase in distance between whales and sonobuoy.

Summary..-- In each of the four experiments, blow intervals decreased
when the aircraft descended; The overall trend was highly significant
(p<0.001; Table 9). In contrast, a small set of observations in the presence
and absence of the aircraft revealed longer blow intervals with the aircraft
present (Fig. 4). We suspect that this latter trend ié not attributable to
aircraft disturbance, given the consistency of the decrease in blow intervals

as the aircraft descended.

No consistent effects of aircraft altitude were evident from analysis of

other variables. During one experiment, there was a significant increase in
number of blows per surfacing when the aircraft descended, but this was not
so in the other experiments and the overall trend was non-significant
(p>0.3). Durations of surfacing did not differ significantly among aircraft
altitudes 1in any experiment, and the pooled trend was non~significant
(p>0.6). The sample size for duration of dives was always small, and trends
differed among experiments (Fig. 5). There was no clear eQidence that whales

turned more frequently when the aircraft descended to lower altitudes.

Thus, a reduction in blow intervals as the aircraft descended was the
only consistent effect attributable to the aircraft during the four

experiments.
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Table 9. Statistical comparisons of surfacing and respiration characteristics of bowheads during
aircraft altitude experiments in 1982 and 1981. Dive duration is excluded because of low sample sizes
(Fig. 5). Plus signs indicate that the mean value was greater when the alrcraft was at low altitude;
minus signs indicate that the mean was greater at high altitude.

Experiments
8 Aug '82 31 Aug '82 6 Sep '8l 8 Sep '8l
457 vs. 457 vs. 610 m, 457 m 610 vs.
Parameter 305 m 305 m 305 m 305 m Pooled?
Blow Interval
Type of Test t t ANOVA t
Test Statistic -0.67 -2.59 -6.04 ~2.45
df 44 91 2,122 148
Probability -0.51 -0.011 -0.003 -0.015 -,<0.001
2 -0.66 ~2.58 -2.97 -2.43 -4,32
No. Blows/Surfacing
Type of Test t t t (610 m vs. 457 m) t
Test Statistic +3.11 +0.53 —0.17 —0.88
daf 10 7 9 13
Probability +0.011 40.61 -0.87 -0.39 +0.31
z +2.54 +0.51 -0.16 -0.86 1.02
Duration of Surfacing
Type of test t t ANOVA s
Test Statistic +1.65 +1.09 + 0.063° ~1.74
df 10 7 2,10 16
Probability 40.13 40.31 0.95 -0.10 +, 0.6
z +1.51 +1.02 (0.06) -1.65 <0.47

a pooled z and p values are based on the urweighted z method (Rosenthal 1978); z is the rommal (0,1)
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Observations ﬁrom Different Altitudes: Overall Observations

Observations while the aircraft circled at different altitudes in
situations exdlusive of the altitude experiments provided additional data for
assessment of;possible alrcraft distufbance. Only the results from 1980 and
1981 are usef@l for this analysis; in 1982 all behavioral observations (aside
from those collected during altitude experiments) were collected while the
plane was at ér near 457 m a.s.l. (Table 10, Fig. 6). Analyses of variance
for 1980 and ﬁ981 revealed no significant differences amoﬁg blow intervals
when whales were observed from the three altitude ranges. Nevertheless, in
1980 the small sample of blow intervals observed when the aircraft was at or
below 427 m e.s.l. (henceforth abbreviated <427 m) were long relative to
those observed from both of the higher altitude fanges (p<0.05 in each case,
t-tests). This result 1s inconsistent with results from all four aircraft
altitude expé?iments, and may be an artefact of the small sample size for

altitudes <427 .

During 1§81, mean duration of surfacing was significantly shorter when
the aircraft eircled at <518 m a.s.l. than when it circled at >610 m (ANOVA,
F = 4.68, df = 2,186, p<0.05; Student-Newman-Keuls multiple comparison).
However, in 1980 mean durations of surfacing were nearly equal for all

altitudes.

No signiéicant relationships of other variables to aircraft altitude
were found. ihe number of blows per surfacing did not differ significantly
among altitude categorles, and trends were 1nconsistent from year to year.
Durations of dives were not significantly related to aircraft altitude in
either 1980 of 1981, but 1in both years there was a trend toward decreased
dive time with decreased altitude. No significant or consistent patterns'

.were found for blow rates relative to altitude.
Discussion

Evidence from observations during 1982 indicates that bowhead whales may
alter certain pf their behavior patterns in apparent response to the presence
and altitude of aircraft. Real-time observations as well as statistical

analyses of quantifiable behavioral characteristics reveal both overt and
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Surfacing, respiration and dive characteristics of bowheads observed

from the Islander aircraft at three altitude ranges during 1980-82,
Only observations under 'presumably undisturbed' conditions (except

possibly by the aircraft) are considered.
Presentation as in Figure 3.

Calves are excluded.
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subtle responses. Similar responses were evident from the 1980-81 data
(Fraker et al. 1982).

Wiirsig et al. (1983) described typicél behavior patterns for undisturbed
whales. An undisturbed non—-calf bowhead whale typically moves slowly ahead,
turning during only 32% (in 1982) of non-socializing surfacings. On the
average, surfacing sequences observed in 1982 lasted 2.05 + 1.320 min and
included 7.4 + 5.11 blows, each separated from the next by 14.9 + 8.66 s.
The surfacing sequence is typically followed by a slow forward rolling
movement that is followed 42% of the time (in 1982) by a slow lifting of the
flukes from the water. Dives of 'mon—calves’ recorded in 1982 lasted 12.08 +
9.153 min,

The most obvious apparent responses to aircraft include changes in
surface and dive patterns, and in orientations. In previous years, apparent
alterations to surface and dive patterns in response to the aircraft included
nearly immediate dives wupon our approach, with rolling and submergence
occurring more rapidly than normal (Fraker et al. 1982). The immediate dives
presumably resulted in shorter surfacings than usual. In 1982, we sometimes
were able to remain with individuals for longer periods than in past years
(up to 3.5 h), facilitating the collection of observations of more than just
immediate apparent responses. On 24 August 1982, for example, a mother-calf
pair was reported to be engaging in shorter than usual surfacings and dives,
apparently as a result of the aircraft circling at 457 m a.s.l. In general,
the degree of response appeared to be related to the altitude of the
vaircraft, with the most marked effects when the aircraft was below 427 m,
occasional reactions at 457 m, and no detectable reactions at 610 m.
Quantitative support for the impressions of reduced durations of surfacings
in apparent response to aircraft 1is available from some of the experiments
and other observations, primarily in 1981 (Figs. 5, 6). However, reduced
durations of surfacings were not always evident when the aircraft circled at
low altitudes. The quantitative data were virtually all obtained after the
aircraft first approached the whales. In contrast, most cases in which the
~ observers believed that the whales cut short a surfacing and dove
precipitously occurred when the aircraft first approached the whales. These
observations suggest that the effect of the aircraft on duration of surfacing

is more pronounced when it first arrives than during subsequent surfacings.
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Similaily, the observers have sometimes suspected that bowheads were
turning in response to the initial approach of the aircraft, but analysis of
limited data from the 1981 and 1982 aircraft altitude experiments found no
consistent support for this impression. The quantitative analysis again is
based mainly on observations after the aircraft had been overhead for some

time.

Tail slapping bouts observed on two.occasions during 1982 may have been
in response to the aircraft. Aerial behaviors have not been reported as
overt responses to the aircraft in previous years, and aerial behaviors
occurred infrequently during all three years of observation (Wiirsig et al.
1982, 1983). Only seven other bouts of tail slapping, including two bouts by
calves, were reported during 1962; three of these occurred during other forms
of possible disturbance (seismic noise or drillship noise playbacks). Two
bouts reported in apparent response to the aircraft occurred when the
aircraft was at unusually low altitudes (152 m and 274 m). However, no
aerial behaviors were observed during any phase of the aircraft altitude
experiments, and data from other sources wére too few to allow meaningful

interpretation.

Changes iﬁ respiration characteristics in response to an aircraft are
not obvious to an observer watching the animals, but quantitative‘analyses
provide evidence of effects. During the four altitude experiments (Table 4),
a decrease in the mean interval between blows was the strongest response, and
the only consistent one, recorded when the aircraft descended.. This tendency
was not evident in the pooled data exclusive of the experiments or in the
small samples of data collected in the presence and absence of a circling
aircraft. The discrepancy may reflect the greater sensitivity of our
controlled teéts, in which whales. were observed continuously while different
treatments were applied, as opposed to comparisons involving pooled data.
gathered from many different whales over a number of days. Sample sizes for
blow intervals were considerably larger than for any other variable, and this

variable was measurable in more situations than any other.

No clear effects of the aircraft on number of blows per surfacing or
blow rates were evident. . Trends in the number of blows per surfacing

relative to presence or altitude of aircraft were inconsistent between
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\
experiments and across observation techniques. The requirement for complete
information about both a surfacing and dive before the blow rate could be
calculated resulted in insufficient data for broad comparisons, though data
from a single whale indicated an increase in blow rates after the descent of

the aircraft..

Movément of whales out of an area as a response to a circling aircraft
is difficult to define. As described earlier, there was one occasion in 1982
when we sﬁspected that whales were dispersing in response to the circling
aircraft (19 August 1982). However, during 1982 concentrations of whales
were more difficult to find than in previous years. Socializing and echelon
feeding, two behavior patterns that tended to maintain concentrations of
whales in 1980 and 1981, were much less evident or absent in 1982 (Wiirsig et
al. 1983). Dispersal of whales in possible response to the aircraft was
noticed only once in 1980-81 (Fraker et al. 1982).

Considering observations during all three years of study (1980-82),
decreases in blow intefvals, hasty dives, and possibly decreases in the
durations of surfacings appeared to be the best-supported and most consistent
responses to the aircraft. In general, these responses were conspicuous if
the aircraft approached or circled at 305 m a.s.l., occasional but not major
at 457 m, and undetectable at 610 m. Clear effects of the aircraft on number
of blows per surfacing, dive durations, blow rates, incidence of turning,
frequency of aerial behaviors, and dispersal of whales were not evident, but
in many cases sample sizes were too small to permit adequate analysis.
Additional observations froﬁ a drifting vessel prior to the arrival of the
aircraft and following .its departure, and additional aircraft altitude
experiments beginning at a control altitude of 610 m or more, would be
helpful in elucidating the responses of the whales. Continuous observations
of identifiable individuals through the various phases of the altitude
experiments would allow examination of temporal patterns of responses. From

this, the duration of responses might be determined.

Richardson et al. (1983b) concluded that the sensitivity of bowheads to

aircraft seems quite variable and may depend on behavioral state or the

presence of calves. Despite the above-reported reactions to the aircraft
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when it approached at 305 m a.s.l., Fraker et al. (1982) reported no obvious
response by a group of feeding bowheadé circled at 305 m for 30 min.
Similarly, in August 1981, LGL personnel in a Twin Otter aircraft observed a
group of apparently mating bowheads; gradual descents from 457 m to 152 m did
not cause any apparent changes in behavior. Ljungblad et al. (1980) reported
seasonal differences in responses of bowheads migrating off west and north
Al aska. In the spring, bowheads usually dove 1n response to an aircraft
surveying at 30-305 m altitude. In the fall they tended to remain on the
surface even during extended periods of circling by the aircraft (however,
mother-calf pairs tended to dive.soon after being sighted during the fall).
Ljungblad (1981) believed that bowheads observed south of the Bering Strait
in spring were less sensitive to aircraft than were those near Barrow, and
Ljungblad et al. (1982) found further evidence of lack of sensitivity south
of Bering Strait. However, Marquette et al. (1982) suggested that bowheads
near Barrow in spring rarely 'reacted in a negative manner' to - an

Aerocommander aircraft flying as low as 75 m a.s.l.

W.R. Koski (LGL Ltd., pers. comm.) found that eastern Canadian arctic
bowheads overflown by a Twin Otter turboprop aircraft at 90 m a.s.l. altitude
almost always dove, but the first pass at 150 m did not always elicit such a
response. Shallenberger (1978) reported that some humpback whales off Hawaii
were disturbed by aircraft at 305 m, while others showed no apparent response
to aircraft at 152 m. Kaufman and Wood (1981) stated without details that
'No effects of low-flying aircraft on [humpback] whale behavior or usage of
the area [in Hawaiian waters] could be discerned even though numerous
aircraft were observed in the area'. Watkins and Schevill (1979) and Payne’
et al., (1981) have had success watching baleen whale behavior from light
single-engine aircraft at altitudes of 50-300 m and 100 m, respectively.

There are few accoﬁnts and no detailed studies of baleen whale responses
to helicopter disturbance. In one instance, gray whales in lagoons in Baja
California were intentionally herded into shallow water by a helicopter
attempting aerial.photography, and some of the whales ‘churned the water with
flukes and fins until their wakes became churning cauldrons of foam' (Walker
1949, cited in Reeves 1977). Humpback whales off Labrador that had been
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actively investigating a large sailing vessel began spy-hopping as well as
"tail and flipper slapping when a helicopter hovered above them (J. Hickie,
ILGL Ltd., pers. comm.). Dahlheim (1981) found that bowheads rarely were
disturbed by two Sikorsky H52-A helicopters at 142-228 m a.s.l. during the
spring. Berzin and Doroshenko (1981) indicated that some bowheads in the Sea
of Okhotsk during August paid ‘no attention' to a large, turbine-powered MI-8
helicopter circling at low altitude and speed, while other whales dove upon

first approach.

When bowheads react to aifcraft, they are probably responding to
aircraft noise, although vision may sometimes be involved. Though
observations of responses of bowheads to helicopters have not been possible,
Greene (1982) found that twin-engine Bell 212 helicopters, a type frequently
used in offshore areas, produced underwater noise more intense than noise
from either Islander or Twin Otter fixed-wing aircraft. Thus, reactions of
bowheads to such a helicopter would probably be stronger than those to the

Islander.

Observations from a fixed-wing aircraft circling overhead are useful in
characterizing responses to aircraft and assessing relative responses to
aircraft at different altitudes. However, most of the concern about possible
effects of aircraft traffic in support of offshore 0il exploration involves
helicopters engaged in straight-line trips over the sea. During straight-
line passes by a Bell 212 helicopter at 152-610 m a.s.l., helicopter sound
was detectable in water for only 16-27 s, and was strong for only a few
seconds (Greene 1982). These observations were obtained at 9 m depth
directly below the flight path in comparatively shallow water (25 m) on a
relatively calm day. The noise probably would be detectable for an even
briefer period when the sea state was higher or the water depth greater
(Urick 1972; Greene 1982). Also, newer helicopter designs with more than two
rotor blades are less noisy than a Bell 212. Based on this information and
our observations from an aircraft circling over the whales for a prolonged
period, it seems doubtful that a single pass by a helicopter would elicit a
very prolonged reaction by bowhead whales, although it often would elicit a
. hasty dive.



Disturbance 165
REACTIONS OF BOWHEADS TO SEISMIC EXPLORATION

Geophysical exploration by impulses of sound (hereafter called seismic
exploration) produces sounds with source levels that greatly exceed those of
other routine activities associated with offshore oil and gas exploration or
production (Acoustical Society of America 1981; Greene 1982, 1983).
Nowadays, arrays of airguns are the high energy sources most commonly used in
offshore seismic exploration during opén water periods. Such arrays
typically have source levels of 245-250 dB//1 pPa at 1 m (Johnston and Cain
1981). However, other impulsive sources such as sleeve exploders and gas
guns are occasidnally used. Waterborne sound from any of these types of
high-energy sources can often be detected at horizontal ranges of several
tens of kilometres, even in shallow water where sounds are often rapidly
attenuated (Ljungblad et al. 1980; Greene 1982, 1983). High explosives,
which can produce even more intense and instantaneous sounds, are now rarely

used in North American waters (Brooks 1981; Johnston and Cain 1981).

We have previously reported detailed observations of the behavior of
bowheads seen 13 km from a seismic ship on 21 August 1980, and 6-8 km from
the same ship on 25 August 1981 (Fraker et al. 1982). Noise levels near the
whales were about 141 and 150 dB//1 wPa, respectively. The whales did not
move away from the ship, and quantitative analysis provided no clear evidence
that their behavior was unusual. We have also described two small-scale
controlled experiments in which we fired a single airgun near bowheads in
order to simulate, at least approximately, the noise from a full-scale
seismic operation at greater distances. There was some indication of reduced
durations of surfacing and reduced numbers of respirations per surfaciﬁg
during the periods with airgun noise (but see additioﬁal analysis of these
data, below). In addition, the whales stopped calling during one of these
experimenté.

. Besides our previous observations, Ljungblad et al. (1980, pers. comm.)
and Reeves and Ljungblad (1983) have seen bowheads near active seismic ships
in the Alaskan Beaufort Sea in autumn. They did not notice any avoidance of
the ships, but on one or two occasions they did see whales aggrégating into

unusually close groups in the presence of seismic noise. For a review of the
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limited available information about reactions of other species of marine

mammals to seismic noise, see Richardson et al. (1983b).

In our 1982 program, observations of bowhead behavior in the presence of
seismic noise were to be obtained on an opportunistic basis, but other
subjects had priority for experimental work. We observed bowheads in the
presence of seismic noise on four occasions in August 1982. 1In addition, we
describe here two previously unreported sets of observations from 1980-81.
Also, for completeness and consistency we reanalyze and summarize the 1980-81
data that we previously reported; new criteria for acceptance of data

developed in 1982 are also applied to the 1980-81 data in these reanalyses.
Methods

Opportunistic Observations with Seismic Noise, 1982

On four dates in August 1982, we observed bowhead behavior when the
seismic vessel 'GSI Mariner' was close enough to ensonify the water around
the whales. The 36-m 'GSI Mariner' was using an array of 27 airguns of
various size from 10 to 100 cu in and totalling 1410 cu in, or 23 L (J.
Stone, GSI, pers. comm.). The interval between successive shots is typically
13-16 s, depending on the forward speed of the vessel and the desired spacing
of shot points. The source level of this array is 38 bar-m, peak to peak

(G. Bartlett, GSI, pers. comm.), or 246 dB//1 pPa referred to 1 m.

On 1 August we observed a whale that was well offshore as the seismic
ship approached from the southwest. The range decreased from 39 to 24 km
during the 1.5 h period of observations. No sonobuoy was deployed at this
time, but we are confident that seismic sounds were present near the whales
because the range was less and the water depth greater than on the other

three occasions when sounds were monitored (see Table 11).

On 7 August we observed several whales, again well offshore, as the ship
travelled northeast, generally toward the whales. The range decreased from
49 to 40 km as we watched, and a sonobuoy deployed near the whales detected

the seismic noise. After leaving these whales, we collected a few
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observations of different whales 45 km from the ship and in deeper water

(about 300 m depth; location 70°25'N, 136°50'W).

On 16 August we observed whales closer to shore but in fairly deep water
northeast of Herschel Island. The seismic ship was farther offshore, moving'
east in an area north and then northeast of the whales. The range changed
only slightly, from 54-58 km, during the course of the observations. A
sonobuoy and a hydrophone deployed from the 'Sequel' at the whales' location
both detected strong seismic impulses. We monitored whale behavior in the
presence of these sounds for 1.5 h as 'Sequel' drifted quietly nearby, and
then conducted a boat disturbance experiment in the presence of seismic

sounds (see 'Reactions to Boats' section, above).

On 18 August we observed whales east of Herschel Island in the same
general area as on the 16th. The seismic ship was moving west far to the
NE-NNE of the whales. The range diminished from 73 to 62 km during the
period of observation. The received level of the seismic sounds, again
recorded via both sonobuoy and hydrophone, increased considerably over this
period. We conducted a drilling noise playback experiment after an initial
2.5~-h period of monitoring behavior in the presence of seismic sounds with

"Sequel' drifting quietly nearby.

Observations with Seismic and Airgun Noise, 1980-81

We have previously described our observations near the seismic ship
"Arctic Surveyor' on 21 August 1980 and 25 August 1981 (Fraker et al. 1982).

In 1980-81 this vessel used four sets of three large sleeve exploders as the
source of noise impulses. The circumstances of the observations are
summarized in Table l1l. We have also described the circumstances and results
of our two small-scale controlled experiments with a single airgun fired near
whales on 18 and 19 August 198l. Fraker et al. give more details concerning
both the opportunistic observations near the 'Arctic Surveyor’ and the
experiments with the airgun. Greene (1982) describes the characteristics of
the seismic sounds from that ship and the airgun. Peak levels of airgun
noise received near the whales were 2123 dB and >118 dB during the 5 and 3 km
experiments, respectively. Ambient levels between airgun pulses were 89-98
dB and 97-100 dB in the 10-500 Hz band (Greene, pers. comm.)
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In addition, from 11:52 to 13:38 MDT .on 20 August.1980, we observed
whales in shallow water (12 m) about 8 km from the 'Arctic Surveyor' (Table
11). Because no sonobuoy was'deployed near the whales, we excluded these
observations from both the' 'normal behavior' and the 'behavior near seismic
exploration' sections of our 1980-81 report. However, the operator of the
ship confirms that it was 'shooting' seismic surveys at the time. Because of
the close range,.it can be assumed that the whales were exposed to intense
seismic sounds. Greene (1982) found that the received level from this ship
at 8 km range in shallow water was about 150 dB//l1 pPa. Therefore, we
include the observations here as a case of behavior in the presence of

seismic noise.

On 5 August 1981, we observed whales well offshore and, via sonobuoy,
recorded seismic impulses near the whales. These observations were also
excluded from our 1980-81 analysis of 'normal behavior'; they were not
further discussed because we had not been able to identify the source of the
seismic signals. We now. know that they came from the GSI vessel 'E.O.
Vetter', whichlwas using an airgun array 45-54 km SW of the location of the
whales. The 'Vetter' is a larger ship than the 'GSI Mariner'; it is 56 m
long and can deploy a larger airgun array with total gun volume about 2000 cu

in, or 33 L (J. Stone and K. Bottomly, GSI, pers. comm.).

Collection and Analysis of Behavioral Observations

Observations in the presence of seismic sounds were obtained following
our usual procedures. The observation aircraft was always at an altitude of
either 457 or 610 m a.s.l. (Table 11). Whenever possible, a sonobuoy was

deployed near the whales.

In analyzing the quantitative information on surfacings, respirations
and dives, we have excluded calves (whales <1 yr old), whose normal behavior
often differs noticeably from that of adults (Wiirsig et al. 1983). As noted
in 'General Methods' we now include in the analysis a few dive times whose
start or end times may have been imprecisely deterﬁined, provided that the
overall durafion could not have been miscalculated by more than 5%. Besides

applying these altered criteria to the new. 1982 data, we have used this
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approach in reanalyzing our 1980-81 data. These changes, along with some
corrections to the 1980-81 data files, are responsible for differences
between results reported below vs. corresponding results reported by Fraker
et al. (1982).

Results for the various observations of whales near seismic vessels are
presented separately. Each case is compared with behavior in situations that
were similar except for the absence of potential disturbance. There is much
day-to-day variation in the behavior of summering bowheads. 1In the absence
of control data collected just before the seismic noise begins, this natural
variability makes it difficult to determine whether seismic noise or some
other factor is responsible for apparent changes in behavior. The best
available approach for assessing opportunistic observations in the presence
of seismic noise appears to be to compare them with ‘presumably undisturbed'
observations collected in the most similar conditions possible. TIf similar
trends emerged in many such comparisons, one could conclude that seismic
noise does have a more or less consistent effect. This approach is followed

here.

An overall statistical comparison of the seismic present vs. seismic
absent coﬁditions is desirable, but not straightforward when the various
incidents need to be treated separately. One approach is to use one of the
available methods for pooling the results of several independent statistical
tests (Rosenthal 1978). That approach is conceptually the same as, but more
flexible than, a 2-way analysis of variance with one treatment factor
(seismic vs. no seismic) and one blocking factor (incident 1, 2, e¢e.. ). For
comparison, we also present simple comparisons of all data collected in the
presence of seismic noise vs. all ‘presumably undisturbed' data; however, we

consider the ‘pooled probabilities' approach to be more appropriate.
Results

Opportunistic Observations in 1982

1 August 1982. -- The one whale observed in detail on this date was 39
km from the approaching 'GSI Mariner' when we began observing, and 24 km away

when we left 1.5 h later. The 'Mariner' was firing its airgun array at the
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time, but no sonobuoy wés deployed to record sounds near the whales.
Throughout this period the whale remained in sight at or very near the
surface, and played continuously with a large log. This case is described in
detail in Wirsig et al. (1983). We have seen such behavior in the past both
in the presence of seismic noise (25 August 1981) and in cases when we have
no information about seismic vessels being nearby. The usual measurements of
surface times, dive times and respiration rates are not meaningful for a

whale remaining continuously at the surface.

There was no evidence that the behavior of this whale was influenced by
the assumed presence of seismic noise. However, by remaining at or near the
surface, a whale could substantially reduce the received level of seismic
sounds. Received 1level decreases with decreasing depth because sound
pressure is 'released' at the air-water interface. This pressure release
effect is significant at depths shallower than abdut 1/2 the wavelength of
the sound (C.R. Greene, pers. comm.). For a 150 Hz sound, the waveiength is
10 m, so received level would be reduced when the whale was within 5 m of the
surface. For this reason, it is very likely that ﬁhe whale observed at the
surface on 1 August 1982 was not receiving seismic impulses at the same
intensity as occurred at greater depths. Whether it had, before our arrival,

been diving to depths where more intense noise would be received is unknown.

7 August 1982, -- The 6 or 7 whalés that we observed near a sonobuoy
49-40 km ahead of the approaching 'GSI Mariner' were swimming consistently
westward at moderate or greater speed. The seismic sound level received by
the sonobuoy (hydrophone depth 18 m) was about 107 dB//1 pPa when the ship
was 47 km away, and increased to 113 dB at range 40 km. These are
comparatively low received levels; the ambient level between seismic pulses
was 92-94 dB in the 10-500 Hz band (Table 11; sound levels from C.R. Greene,
pers. comm.,). Because the ship was travelling northeast and was situated
south-southwest of the whales, the westbound whales were remaining at about
the same diétahce from the ship. To travel directly away from the ship, they
would have had to move north, not west. However, their westward course took
them away from the projected track of the ship--i.e., away from the antici-

pated closest point of approach of the ship.
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Two whales observed briefly farther offshore and about 45 km ahead of
the approaching seismic ship were also travelling west-southwest and west,
generally away from the projected track of the ship but not away from the

ship itself,

It is probable, although not certain, that the westward movement of both
groups of whales was unrelated to the presence of the seismic vessel. Whales
seen in that general area under presumably undisturbed conditions on 6
August were also moving west. The overall distribution of whales in the
central Beaufort Sea seemed to be shifting westward during early Augﬁst
(Richardson et al. 1983a).

Durations of surfacings, durations of dives, and blbw intervals of
bowheads observed in the presence of seismic noise on 7 August were all
significantly lower than for all whales observed under presumably undisturbed
conditions in August 1982 (Table 12 and Fig. 7; see Table 13 for summarized
data and Table 14 for details of statistical tests). The number of blows per
surfacing was not significantly different. However, most of the ‘presumably
undisturbed' data were collected later in the month when the whales were not
actively travelling west. Too few data on 'presumably undisturbed’' travel-
ling whales were collected to allow a comparison restricted to travelling
animals. Thus, in this instance it is uncertain whether the differences in

behavior can be attributed to the presence of seismic noise or to other

factors.

16 August 1982. -- On this date, we maneuvered the MV ‘Sequel’ into an
area where several whales were alternately surfacing and diving, either
remaining in the same locations or travelling slowly, with some socializing
and possible nursing of calves. Seismic noise from the 'GSI Mariner',
located some 54-58 km farther offshore, was detectable throughout the
observations. Seismic noise levels were 127-132 dB//1 pPa, about 20 dB
higher than on 7 August (Table 11). The data discussed here were obtained
from adult whales near ‘Sequel' as she drifted quietly and the observation
aircraft circled at 457 m a.s.l. overhead. We exclude data collected in the
first half hour after the boat motor stopped, and data collected during a

subsequent boat disturbance experiment.
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Table 13.

presence and absence of seismic noise.

Disturbance 175

Surfacing, respiration and dive characteristics of nomcalf bowheads observed in the

Date (s8) Seismic Source Mean Sed. n Mean Sede n
Blows/Surfacing Duration of Surfacing (min)
20 Aug 1980* 8 km from Ar. Surv. 3.89 2.09 9 . 1.23 0.5 13
21 Aug 1980 13 km from Ar. Surv. 2.43 1.45 14 0.54 0.438 19
20 + 22 Aug 1980 - 2.88 1.65 17 0.73 0.414 21
5 Aug 1981 45-54 km from Vetter 3.74 2.86 19 0.91 0.645 18
6-13 Aug 1981 - 4,16 2.64 67 1.00 0.673 69
25 Aug 1981 6-8 km from Ar. Surv. 3.92 3.65 26 0.86 0.630 31
All in<l6m - 2.68 1.67 19 0.70 0,403 24
7 Aug 1982 40~49 km from GSI Mar. 6.17 2.5 6 1.16 0675 11
All 1982 - 7.43 5.11 58 2.05 1.320 70
18 Aug 1982 62-73 km fram GSI Mar. 5.31 3.8 13 1.65 0.785 17
14-19 Aug 1982 - 9.59 4,80 17 2.27 0.985 23
All cases with seismic, 1980-82 3.71 3.03 ‘119 0.95 0.720 146
All 'presumably undisturbed', 1980-82 4,90 3.61 322 1.30 0.960 368
Blow Interval (s) Dive Duration (min)

20 Aug 1980* 8 km from Ar. Surv.  16.08 9.688 40 6.70 4,035 5
20 + 22 Aug 1980 - 11.82 6.563 57 1.34 1,792 4
5 Aug 1981 45-54 km from Vetter 12.05 6.170 102 1.41 1.786 8
6-13 Aug 1981 - 12.62 8.837 444 3.74 3.706 35
25 Aug 1981 6-8 km from Ar. Surv. 11.04  5.263 109 5.27 5.162 8
All in<16m - 12.64 7.131 8 0.76 1.236 9
7 Aug 1982 4049 km from GSI Mar, 11.78 5.265 58 4,15 2,772 7
All 1982 - ‘14.86 8.660 7% 12.08 9.153 51
16 Aug 1982 54-58 km from GSI Mar. 16,58  12.487 31 5%  7.99% 8
18 Aug 1982 62-73 km from GSI Mar. 15.85 7.559 108 6.10 6.418 9
14-19 Aug 1982 - 13.61 6.719 322 14.69 5.741 9
All cases with seismic, 1980-82 13.14 7.324 -- 547 4.00 4.829 62
1980-82 13.46 8.464 2822 6.26 7.648 156

All 'presumably undisturbed’,

* Arctic Surveyor was shooting seismic, but no sonobuoy was deployed to confimm presence of seismic

noise In water near whales.
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The whales were not oriented consistently in any one direction, and were
not travelling away from the seismic vessel. Observers 1in the aircraft
noticed nothing wunusual about the behavior of the animals. However,
quantitative analysis showed that the surface times, number of blows per
surfacing, and dive times averaged lower than in the same area under
presumably undisturbed conditions on 14-19 August (Table 12; Fig. 7). Blow
intervals were significantly longer than on 14-19 August,'contrary to the

trend on 7 August.

18 August 1982, -- On this date we again observed whales in the presence
of -seismic noise from the 'GSI Mariner'. Here we consider only the data from
non-calves observed before we began a drilling noise playback experiment.
The distance from the ship decreased from 73 to 62 km during the period of
observation. Seismic sound levels increased from barely detectable at the
start of observations to 125 dB//1l pPa mid way through the period and 133 dB
at the end.

The whales were often travelling, although not in any consistent
direction. The observers noted nothing unusual about their behavior.
However, detailed analysis again showed increased blow intervals and reduced
surface times, number of blows per surfacing, and dive times relative to
those under presumably undisturbed conditions on 14-19 August (p<0.05 in each
case; Table 12; Fig. 7).

Opportunistic Observations in 1980-81

5 August 198l. -- Several bowheads were observed socializing and
apparently feeding some 45-54 km from the 'E.O. Vetter', a ship using an
airgun array. Seismic sounds with level 117 dB//1 pPa were detected via
sonobuoy near the whales. The observers in the aircraft noticed no unusual
behavior, and numerical analysis indicated that surfacing, dive and respira-
tion characteristics were similar to those of 'presumably undisturbed' whales
seen on 6-13 August 1981 (Table 12; Fig. 7).

20 August 1980. —- Whales were observed in shallow water about 8 km from
the 'Arctic Surveyor', a seismic ship that was using sleeve exploders at the

time. Table 12 and Figure 7 show that, contrary to the observations in 1982,
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surface times were significantly longer (p<0.0l1) and dive times marginally
longer (p<0.l1) than for 'presumably undisturbed' whales in the same area on
20 and 22 August 1980. The number of blows per surfacing was not
significantly different in the two situations. As was sometimes found in
1981-82, the blow intervals were longer in the presence of seismic noise
(p<0.05).

21 August 1980 and 25 August 1981. -—- We have previously described two
observations of bowheads at distances of 13 km and 6-8 km from the ‘Arctic
Surveyor' while it was using sleeve exploders (Fraker et al. 1982).
Sonobuoys recorded strong seismic signals near the whales; estimated seismic
noise levels there were 141 and 150 dB//1 pPa, respectively. In neither case
was there any clear indication of altered behavior, either as judged by the
observers in the aircraft or from detailed quantitative analysis. Table 12
and Figure 7 summarize our reanalyses of these data, based on the same
analysis procedures as applied to 1982 data. The interpretation 1is as
previously reported: no clear evidence of differences from the most

appropriate set of ‘presumably undisturbed' data.

Alrgun Experiments 1981

The circumstances and results of two controlled experiments with a 40 cu
in airgun were described 1in Fraker et al. (1982). In the two experiments,
the airgun was deployed from the ‘Sequel' about 5 km and 3 km, respectively,
from groups of wﬁales. After a period of control observatiéns of ‘presumably
undisturbed' whales, the airgun was fired every 10 s for about 20 min. Noise
from the one airgun 5 km from whales was estimated to be similar in level to

that 20 km from a full-scale airgun array.

As reported by Fraker et al., during the period of airgun noise the
whales continued their previous activity--echelon feeding on one occasion,
and diving with gradual travel to the southwest on the other. During the 5
km experiment, there was evidence of reduced echelon sizes during the period
of airgun noise, but echelon feeding did continue, and the whales did not
leave the area. However, during the 5 km experiment the whales stopped

calling for the 20 min period of airgum firing, and resumed thereafter.
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During both experiments, the mean duration of surfacing and mean number
of blows per surfacing were reduced during the period of airgun noise
relative to the means before the airgun began to fire (Fig. 8). However,
current procedures show these differences to be non-significant or, at most,
only marginally significant (Table 12). During the 5 km experiment, dive
durations tended to be less while the airgun was firing than they.were before
or after that period, but the sample size was small and the difference not
statistically significant. No dive durations were recorded during the airgun
phase of the 3 km experiment. During both experiments, blow intervals tended
to be longer during the airgun firing phase than had been true previously.
The difference was statistically significant in the 3 km experiment
(p<0.02). The trends in these experimental results are generally consistent
with our opportunistic observations during 1982 in the presence of noise from
a full-scale éirgun array. However, more of the trends were statistically

significant in'the 1982 results than in the single airgun experiments.

Overall Results on Surfacing, Respiration and Dives, 1980-82

Our previously reportéd results (Fraker et al. 1982) gave no indication
that summering bowheads either move away from full-scale seismic ships or
change their behavior when in the presence of strong seismic sounds.
However, there were indications of behavioral responses to'a‘single airgun

firing nearby for 20 min.

Given the new data presented above, there is still no clear indication
that bowheads attempt to swim away from seismic ships. However, there was
evidence of altered surfacing, respiration and dive cycles in all 3 instances
in 1982 when it was possible to do numerical analyses of behavior in the
presence of seismic noise. In one additional case (1 August 1982), a whale
under observation for 1.5 h did not dive, and thereby—--whether intentionally
or noﬁ——probably reduced the received level of the seismic noise. There was
also evidence of altered surface times and blow intervals near a seismic ship
on 20;August 1980. In this case, unlike the others, surface times were

.longergin the presence of the ship than under undisturbed conditioms.
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No one surfacing, respiration or dive variable was consistently
different in the presence and absence of seismic noise (Table 12). However,
the duration of surfacings, number of blows per surfacing and, to a lesser
degree, the duration of dives, were usually lower in the presence of seismic

noise than in the matched 'presumably undisturbed' conditions.

When all 1980-82 data in the presence of seismic noise were compared to
all 'presumably undisturbed' data, number of blows per surfacing and duration
of surfacing were found to be significantly lower in the presence of seismic
noise (Table 12). Blow intervals and duration of dives were not signifi-
cantly different. However, as noted above under Methods, these simple
overall analyses are poténtially confounded by day-to-day and year-to-year

variability in behavior. We consider them to be of doubtful reliability.

By appropriate pooling of the statistical probabilities from the several
individual incidents that we have studied, one can minimize these problems.
The calculations are given in Table 14 and summarized in the last two lines
of Table 12. Based only on the opportunistic observations near full-scale
seismic ships, number of blows per surfacing, duration of surfacing, and
duration of dive are marginally reduced in the presence of seismic noise
(0.1>p>0.05 in each case). When the airgun experiments as well as the
opportunistic observations are considered, the reduced number of blows per
surfacing and duration of surfacing are significant at the p<0.05 level, and
the reduced duration of dives at the marginal p<0.l1 level. Also, there is
evidence of longer blow intervals, on average, in the presence of seismic

noise (p<0.05).

The overall results concerning durations of surfacings and dives suggest
that surfacing/dive cycles tend to be briefer in the presence of seismic
noise. To test this, we compared lengths of such cycles on 16 and 18 August
1982 in the presence of seismic noise with data collected from the same area
on 14-19 August 1982 in the absence of seismic noise. Cycles were
significantly shorter with seismic noise (Table 15; p<0.05). The proportion
of each cycle spent at the surface, i.e. surface time divided by surface plus
dive time, was greater in the presence of seismic noise, but not

significantly so.
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Table 15. Surface-dive cycles of non—calf bowheads in the presence and absence of seismic noise.

Seismic Source Statistical
Date(s) (= = None) Mean s.d. n Camparison?

Length of Surface + Dive Cycle (min)P

16 + 18 Aug 82 "GSI Mariner' 6.91 7.180 13 U = 21; <0.05
14-19 Aug 82 - 15.96 6.905 8

18 Aug 81 ~ (pre) 1.66  1.766 7

18 Aug 81 One atrgm 2.19 2.7% 5 H= 1.61; 50.25
18 Aug 81 ~ (post) 3.69 4.027 9

Proportion of Cycle at Surface®

16 + 18 Aug 82 'GSI Mariner' 0.264 0.183 13 U =32 0.1
14-19 Aug 82 - 0.158 0.053 7

18 Aug 81 ~ (pre) 0.174 0.007 4

18 Aug 8l One alrgmn 0.231 0.201 3 H= 0.12; >0.9
18 Aug 81 - (post) 0.258 0.212 5

Blow Rate (Biows/min)d

16 + 18 Aug 82 'GSI Mariner’ 0.970 0.718 12 t= 1.23; >0.1
14-19 Aug 82 - . 0.559 0.247 5

All 1982 'GSI Mariner' 0.952 0.662 b t = 1.40; 0.1
ALl 1982 - 0.697 0.470 25

All 1980-81 Various 1.243 1.077 7 £ = 0.02 >0.1
All 1980-81 - 1.238 1.113 4

8 U designates ManmWhitney U-test, H designates Kruskal-Wallis test with df = 2, arnd t designate
Student's t-test.

b Includes all cycles when durations of surfacing plus following dive were known.

C Duration of surfacing divided by duration of that surfacing plus following dive. Cycles with div
duration <31 s are excluded.

d Number of respirations during a surfacing divided by duration of that surfacing plus followin
dive. Cycles with dive duration <31 s are excluded.
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The airgun experiments in 1981 were another situation when whales were
observed under comparable conditions with and without seismic noise. No
analysis of cycle lengths was possible for the 19 August 1981 experiment
because no dive durations were recorded during the period of airgun firing.
During the 18 August 1981 experiment, neither cycle length nor proportion of
cycle at the surface differed significantly among the phases of the
experiment (Table 15). The difference from the 1982 results may be related
to the depth of diving. Whales were diving deeply in 1982, but on 18 August
1981 they were feeding just below the surféce where received sound pressure

levels would not be as intense as at deeper depths.

We found no evidence that blow rates differed in the presence and
absence of seismic noise. Blow rate in blows per minute was calculated as
number of respirations in a surfacing divided by length of that surfacing
plus the following dive. There was no significant difference in blow rates
with and without seismic noise (1) in the 14-19 August 1982 period near
Herschel Island, (2) in 1982 overall, or (3) in 1980-81 overall (Table 15).

Other Behavioral Variables with and without Seismic Noise

Bowhead Calls. -- We recorded waterborne sounds near the whales on six
occaslons when we observed bbwheads in the presence of noise from full-scale
seismic exploration. On all six occasions, bowhead sounds of the usual types
were recorded (Table 16;‘¢f. Wirsig et al., 1982, 1983 for description of
sound types and frequency of occurrence in 'presumably ‘undisturbed'
conditions). It appears that the presence of pulses of seismic noise in the
water normally does not cause bowheads to  cease calling. In 1982, the
average rate of loud calls (i.e. calls from whales near the sonobuoys) was
only slightly lower in the presence of seismic noise than during presumably
undisturbed conditions (with seismic, 4.5 calls/whale-h, n = 3, range
2.6-8.0; undisturbed, 7.5 + s.d. 7.1 calls/whale-h, n = 14).

We also recorded underwater sounds near the whales during the two
airgun experiments in August 198l. During the experiment at 3 km range, very
few bowhead callg were heard before, during, or after the period of airgun

firing (Table 16). During the experiment at 5 km range, however, the whales
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apparently ceased calling during the period of airgun firing. After the
airgun ceased firing, the calls were recorded at an even greater rate than

during the pre-airgun phase.

Turning. —- If whales were distressed by seismic noise, it is possible
that they might turn more frequently than normal. However, there was no
evidence that this happened either near Herschel Island in mid August 1982 or
in shallow water off the Tuktoyaktuk Peninsula on 20-22 August 1980:

# Turns during Surfacing Percent
' Surfacings
Dates - Seismic Source . None One >1 with Turns
16 + 18 Aug 82 'GSI Mariner' . 24 4 3 237%
14-19 Aug 82 - _ 30 5 2 19
20-21 Aug 80 'Arctic Surveyor' 20 7 0 26
20 + 22 Aug 80 - 16 5 -0 24
Speed of Movement. -- In the mid-August 71982 period, there was no

evidence that the speed of movement was different on the two days with

seismic noise. than on other days in the 14-19 August period:

Speed of Movement during Surfacing

Dates Seismic Source None  Slow Moderate Fast  Changed
16 + 18 Aug 82 'GSTI Mariner' 3 8 4 1 4
14-19 Aug 82 - 3 8 6 1 7

Speed was recorded too rarely in the 20-22 August 1980 period to warrant

analysis.

Industry Sightings

Fraker et al. (1982) mention nine reports of a total of at least 20
whales sighted at ranges 2-7 km from the 'GSI Mariner' in 1981. Fraker et
al. had no inforﬁation about the activity of the ship at the times of these
sightings. A subsequent search_of GSI records indicatéd that seven of the
sightings, involving at least 17 whales, were obtained while the ship was
firing its airgun array (G.>Bart1ett, GSI, pers. comm.). In each of these
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seven cases, the airguns had been firing for at least 0.97 h before the

whales were seen; estimated ranges were 2-7 km.

No new sightings of bowheads near seismic vessels were reported to us by

industry personnel in 1982.
Discussion

Based on our limited data from 1980-81, Fraker et al. (1982) concluded
that there was 1little evidence that full-scale seismic exploration at
distances as close as several kilometres results in detectable behavioral
effects on  bowheads. However, there was evidence of briefer cycles of
surfacing and diving in least one of the single airgun experiments done in
1981. Fraker et al. suggested that the apparent reaction to the airgun but
not to full-scale seismic operations may have been a response to the sudden
onset of the airgun noise., The obsérvations in the presence of full-scale
seismic noise were obtained when the noise had been present for a prolonged

period before observations began.

We now have considerably more data concerning bowhead behavior in the
presence of seismic noise, although all of the additional data come from
opportunistic 'uncontrolled' observations. There is still no clear evidence
that bowheads ever try to move away from seismic vessels present at ranges of
several kilometres or more. In the presence of seismic noise, whales seem to
engage in normal activities, including surfacing and diving, feeding,
socializing, calling and sometimes travelling. Limited data indicate that
their rates of turning and of travelling in the presence of seismic noise are.
similar to those in quiet conditions. However, we now have evidence that the
surfacing, diving and respiration cycles of bowheads sometimes are altered in

the presence of noise from distant seismic exploration.

The overall statisticél analyses indicate that, in the presence of
seismic noise, surface times and number of respirations per surfacing are
significantly lower (p<0.05), durations of dives are marginally lower
(p<0.1), and blow intervals are longer (p<0.05). However, on individual

occasions, the results are not always significant, and sometimes the
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difference in mean values is even in the opposite divre.ction (Table 12).
Therefore, interpretation of the overall results must be cautious. Further
reasons for caution include the small sample sizes on individual dates, the
fact that the data usually came from repeated observations of an even smaller
number of individual whales, and the lack of proper control observations in
most instances. The great variability in bowhead beﬁavior on all time
scales--surfacing to surfacing, day to day, year to year--makes it especilally
difficult to compare observations in the presence of seismic noise at one
place and time with observations in the absence of seismic noise at another

place and/or time.

Our overall results suggest that quantitative changes in surfacing,
respiration and dive cycles sometimes occur as a result of seismic noise, but
corroboration is needed. It would be especially valuable 1if further
controlled experiments could be done. The same whales should be observed

before, during and after periods of noise from a full-scale seismic source.

Assuming that the effect is real, why did we find rather consistent
evidence of altered behavior in the presence of selsmic ndise in 1982 but not
in 1980-81 (Table 12)? The 1982 observations all involved noise from an
airgun array, whereas the 1980-81 observations involved sleeve exploders, an
airgun array, and a single airgun. However, all of these source types
produced pulsed sounds with generally similar durations and inter-pulse
intervals. At long horizontal ranges, the frequency composition of pulses
from the various sources was also generally similar, although this may not be

true within a few kilometres from the sources (Greene 1982, 1983).

The received levels of the seismic sounds did not seem to relate in any
consistent way to the apparent occurrence of altered behavior. No major
effects were detected in two of three cases with received level >140 dB//1
pPa; most cases of apparent effects were found with lower received levels
(Table 12).

The deeper water at most locations where bowheads were observed in 1982

than at most observation sites in 1980-81 was presumably responsible for our

detection of seismic signals at greater ranges in 1982 than before. It is.
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also possible, although unproven, that whales typically were diving to deeper
depths in 1982, The much longer average duration of dives in 1982 than in
1980-81 (Wiirsig et al. 1983) may be indicative of greater average depth of
dives in 1982, If the whales were diving deeper in 1982, they may have been
encountering stronger received levels of seismic impulses than at correspond-
ing ranges 1in 1980-81l. However, it d1s doubtful that the year—-to-—year
difference attributable to greater dive depths would be significant. The
reduction in received level occurs only within a few metres of the surface
for sounds at frequencies 100-300 Hz. Even in 1980-81, most dives were

presumably to depths greater than a few metres.

If seismic noise is‘unpleasant to bowhead whales, one could hypothesize
that dive durations would be shorter in the presence of seismic noise. By
terminating a dive and returning to the surface, a whale could reduce the
received level of the seismic pulses. It might also reduce the received
level by not diving as deeply, which in turn might reduce the average
duration of dives. Our data do suggest that dive duration tends to be
reduced in the presence of seismic noise, but the effect seems to be small

and quite inconsistent (Tables 12 and 13, Figs. 7 and 8).

Since bowheads normally dive to feed, and presumably there 1s a strong
inclination to feed while in the Beaufort Sea in summer, one might expect
that unusually brief dives resulting from disturbance by seismic noise might
also be followed by wunusually brief surfacings. Even in the absence of
disturbance, the number of respirations per surfacing 1is closely correlated
with the length of surfacing (Wiirsig et al. 1983). Hence, a reduction in
number of blows per surfacing would also be expected. Decreased surface
times with unusually few blows were indeed evident in the presence of seismic
noise (e.g., Table 12). Furthermore, in mid August 1982 we found that
surface—~dive cycles as a whole tended to be shorter with seismic noise than
without it (Table 15). Thus, the observations are consistent with the idea
that bowheads sometimes alter their surface-dive cycles in .a way thatv

minimizes the duration of continuous exposure to intense seismic pulses.

Based on the 1980-81 data, we suggested that whales may react more
strongly to the onset of seismic noise than they do to ongoing seismic

exploration (Fraker et al. 1982). We suggested this because we found no
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clear reactions to ongoing seismic, but had found indications of response to
a single airgun fired near the whales for only 20 min. The data now
available do not support this distinction. There now is evidence of
‘reactions to ongoing seismic exploration on some occasions. Furthermore,
reanalysis of data from the airgun exﬁeriments indicates that the reactions
to the first airgun test were not as clear cut as initially believed (see

above) .

In summary, bowhead whales normally do not swim away from seismic
vessels that are operating as close as several kilometres away. They appear
to continue with normal kinds of activities,  including underwater calling.
However, quantitative analysis of data concerning surfacing, respiration and
diving indicates that surface-dive cycles sometimes tend to be shorter in
duration in the presence of seismic noise. Although overall analyses
indicate that the effect is statistically significant, the response 1is quite
variable. Further observations, preferably from controlled experiments, are
needed to confirm its generality of occurrence. The significance of the
apparent change in behavior to the well-being of the whales cannot be
- evaluated with existing data. However, alterations of surfacing and. diving
cycles could affect feeding success and social interactions, at least on a

short-term basis.
REACTIONS OF BOWHEADS TO DRILLING

Drilling noise is more or less continuous, unlike noise from boats,
aircraft and seismic exploration. In 1980-81 we obtained only limited
information about the behavior of bowheads in the presence of this noise
' (Fraker et al. 1982). On several occasions Fraker et al. saw bowheads within
20 km of drillships. The closest sighting was of three whales only 4 km from
an operating drillship, and industry personnel reported bowheads within 1 km
of drillships. The literature contains very little additional information
about the reactions of any marine mammals to drilling (for reQiew, see
Richardson et al, 1983b).

Initial drilling in the Alaskan Beaufort Sea has been from artificial
and natural islands in shallow nearshore waters. When drilling extendé to

. somewhat deeper water, it is expected to be done from bottom—supported cones
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or caissons. Caissons are already in use as drilling platforms in the
Canadian Beaufort Sea. In the latter area, conventional drillships are used
for drilling in deeper water, but it is not expected that drillships will be

used in the Alaskan Beaufort Sea in the near future.

Studies of the responses of bowheads to drilling on artificial islands
are especially desirable, since this is the most imminent type of drilling in
the Alaskan Beaufort Sea. However, drilling from 'conventional' artificial
islands has not been underway in the eastern Beaufort Sea during any of our
field seasons. Hence, it has not been possible to obtain either observations
of bowhead behavior or recordings of underwater noise near such operations.
To our knowledge, no‘ recordings of noise from drilling on an artificial
island surrounded by open water exist., This has prevented us from performing
playback experiments with such sounds. Instead, we used our recordings of

drillship sounds during playback experiments in 1982.

Drilling from ‘Tarsiut', a caisson-retained island, did continue for the
first few days of our 1982 field season. We searched for bowheads near this.
island and attempted to obtain recordings of underwater sounds nearby.

Methods

Observations near Tarsiut Island

Tarsiut is a drilling platform consisting of dredged material contained
within four connected concrete caissons. The caissons rest on a subsea berm,
also composed of dredged material. Tarsiut is located at 69°54'N, 136°20'W
in 23 m of water. Tarsiut was completed late in 1981, and two wells were
drilled between then and early August 1982, buring the remainder of August
1982, the second well was tested. Throughout August there was much activity
around Tarsiut; usually there were about 6 supply boats, barges and other

vessels within 2 or 3 km.

Intermittently throughout August, we wused the Islander observation

aircraft to search for bowheads near Tarsiut. The search effort and bowhead

sightings by 5-d periods are mapped in the accompanying 'Distribution in
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relation to industrial activity' section (Richardson et al. 1983a). Industry
personnel on the island were asked to report any bowhead sightings promptly
via radio. The 'Sequel' travelled to Tarsiut during its first cruise within
the 1982 field period in the ﬁope of recording drilling sound. However,
drilling had ceased before 'Sequel' arrived; waterborne sounds from well
testing and other activities were recorded at various ranges from the islahd

(Greene 1983).

Observations near Drillships

Routes of the observation aircraft were also chosen to pass, whenever
practical, near one or more of the four drillships operating in the eastern
Beaufort Sea (Richardson et al. 1983a). We found bowheads within 20 km of
drillships during three flights in 1982, on 11 August and the morning and
evening of 31 August (Table 17). On each occasion a sonobuoy was deployed
near the whale(s) to record any drillship or bowhead sounds. On 11 August
wave heights were too great to pefmit useful behavioral observations, but
during the two flights on 31 August we circled for proldnged periods to
observe behavior. For completeness, we also re-examined behavioral data from
our previously reported observations (Fraker et al. 1982) of bowheads 15-20
km and 4 km from a drillship on 23 August 1981, The new criteria for
acceptance of data adopted in 1982 were applied during this reanalysis of
1981 data. ' ' '

Industry personnel aboard drillships and helicopters servicing the
drillships were requested to report bowhead sightings promptly.

Drillship Noise Playback Experiments

We conducted drillship noise playback experiments near bowhead whales on
th;ee occasions in mid August 1982 (Table 18). The basic approach and some
of the complications were described in the General Methods section. All
experiments were in water 125-150 m deep east or northeast of Herschel Island
off the Yukon coast. Drillship sound was projected into the water from the
'Sequel’ while behavioral observations were obtained from the observation

aircraft circling at 457 m a.s.l. overhead.
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Table 17. Clramstances of observations of bowheads near dr:’.l]Ships, 1981-82.

23 Aug '81 23 Aug '8l 11 Aug '82 31 Aug '8 31 Aug '8
Location —= N. lat. 70°04' 70°05' 70°50" 70°28° 70°27'
W. Long. 134°54° 134°28° 134°18° 136°51' 136°30'
Water Depth (m) 30 3 0 550 150-390 .
Sea State 2 2 34 1-22 2
Aircraft Altitude (m) 457-610 610 457 457b 457
Duration of
Observation (min) 62 63¢ % 113b 194
Drillship
Identity Expl. II Expl. II Fxpl. IV Expl. ITT Expl. III
Range (km) 15-20 4 17 18-19 10-12
Activity " Drilling Drilling  Not drilling Drilling Drilling
# of whales 8+ 3 I+ 1 2
Activity of Whales Some Mainly Unknown; Slow to Long dives:
echelon socializing; some medium slow to
feeding & no calls calling " speed medium
socializing; detected travel; travel;
calling calling some callis

4 No whitecaps but heavy swell.
b Subsequent observations from 305 m a.s.l. are not considered here.
€ Excludes subsequent observations when boats nearby.
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near Herschel Island, 16-19 August 1982.
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Circumstances of the three drillship noise.playback experiments

16 Aug '82 18 Aug '82 19 Aug '82
Location - N. Lat. 69°43' 69°36" 69°41"
~ W. Long. 138°13" 138°22 138°32°
Water Depth (m) 150 125 150
Sea State 1 1-2 1
Aircraft Altitude (m) 457 457 457
Durations (min) of :
Post-Boat 30 - 20
Quiet Boat 52 1592 938
Playback, incr. level 13 10 9b
Playback, peak level 10 10 -
Playback, decr. level 10 10 -
Post-playback - 10 34
Source Level of Sound
during Peak Period
(dB//1 pPa @ 1 m) 155 164 157
Approx. distances (km),
Projector to Sonobuoy 2 2 1.5
Projector to Whales 2-4.5 3-6.5 2-4,5
Noise level at Sonobuoy
(dB//1 pPa) o ,
Ambient®© 85 101 92
Seismic Pulses - <125-133 -
Playback, peakd 100/94 110/105 99/92
Activity of Whales Slow travel; Slow to rapid Slow travel,
: some faster travel; some - nursing;
travel during ‘aerial activity calf moves
playback and socializing along
windrow of
debris

a8 playback delayed because calf present.
Playback terminated early because calf present.

€ 10-1000 Hz band, immediately before and after playback.

d The levels for the 10-1000 Hz band and for the 275 Hz tone are given.
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The sequence of activities leading up to a playback was as follows. The
'Seqﬁel' maneuvered slowly to a point within 1 km from a group of bowheads
and the motor was stopped. The observation aircraft arrived overhead either
before the 'Sequel' approached the whales (16 August), about 10 min after
'Sequel’s' motor was stopped (19 August), or several hours after ‘'Sequel’
stopped (18 August). A sonobuoy was dropped near the whales soon after the
aircraft arrived. Control observations did not begin until at least 30 min
after the 'Sequel’ had stopped. We intended the control phase to last about
45-60 min, but in two cases it was prolonged because bowhead calves were in
the area. When we believed that no calves were within about 3 km from the

"Sequel', the playback period began.

The sounds broadcast underwater were sounds of the drillship ‘Explorer
I1' recorded in 1981 at the North Issungnak drillsite. Most of the drillship
noise was at frequencies between 50 and 750 Hz, with a strong tone at about
275 Hz (for spectrum, see Greene 1982, p. 322). The sounds were broadcast by
a standard U.S. Navy Jll underwater projector suspended at a depth of 9 m,
The power source was a 250 W Bogen MT250 amplifier powered by 12 v
batteries. The sounds were broadcast for about 30 min. During the first
10~13 min, the sound level was gradually increased from zero to peak
intensity. After a 10-min period at peak intensity, the level was gradually
reduced to zero over 10 min. This approach was used to avoid a sudden onset

of sound at peak intensity and the startle response that this might evoke.
We suspected that the gradual change in level might more closely simulate

what a bowhead would encounter as it approached a drillsite.

The output of the Jll1 projector was monitored by a hydrophone rigidly
mounted 1.9 m in front of the projector. The sound received by this
hydrophone was monitored in real time via loudspeaker, oscilloscope and
voltmeter to ensure that it was undistortéd, and to determine its source
level. The drillship sound received by the sonobuoy was also recorded and

analyzed (e.g., Greene 1983, Fig. 23).

Because of limited aircraft endurance or approach of fog, the aerial
observers were unable to observe for long (if at all) after the playbacks

ended (Table 18).



Disturbance 195

Playback experiments were completed on two occasions (16 and 18
August). A third experiment was aborted 9 min into the increasing-level
phase when a bowhead calf appeared about 2 km from the 'Sequel' (19 August).
On a fourth occasion (later on 19 August), the 'Sequel' and observation
aircraft were in place and control observations were obtained, but presence
of calves, gradual dispersal of the whales, and approach of fog precluded a

playback. No other opportunities for playback experiments were available.
- Results

Observations near Tarsiut Island

Many of our flights during the 1-31 August 1982 period came within 10 or

15 km of Tarsiut. However, our closeét bowhead sighting was 21 km north of
Tarsiut (and 28 km from the 'Explorer I' drillship) on 4 August.

Industry personnel on Tarsiut reported no bowhead sightings during our
field.season in August 1982, but did see bowheads on at least three other
occasions in 1982, On 25 Juné, one bowhead was reported only 200 m away
amongst white whales. On 26 Ju%e three bowheads were seen with white whales
at an unspecified distance; drilling was in progress. On 19 September two

bowheads were reported about 300'm froﬁ the island.

Observations near Drillships

We saw bowheads within 20 km of drillships on three occasions in 1982.

11 August 1982, -— At least one bowhead was seen 17 km from the
'Explorer 1IV' drillship, but the sea was too rough for behavioral
observations (Table 17). The rig on the drillship was working in the
Kenalooak J-94 drillhole, but was not actively drilling. A sonobuoy dropped
near the whale(s) showed that the human ear could sometimes detect low
frequency industrial noise above the sea noise. The total noise power,
ambient plus industrial, was 103 dB//1 mpPa in the 10-1000 Hz band. There
were tones at several frequencies between 14 and 195 Hz. The strongest tone

was 93 dB//1 pPa at 169 Hz (C.R. Greene, pers. comm.). Several faint whale
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calls were detected in 1.5 h of recording (see Table 9 in Wiirsig et al.
1983).

31 August 1982 (Morning). —— One bowhead was observed for 3.5 h at a
location 18-19 km northwest of the 'Explorer III' drillship (Table 17).
During the last 1.7 h of this period the aircraft descended to 305 m a.s.l.
to conduct an ailrcraft disturbance experiment. Only the initial 1.9 h period
when the aircraft was at altitude 457 m 1s considered here. The drillship
had just returned to the Orvilruk 0-03 drillsite, and was drilling out the
- plugs that had been installed when drilling was suspended in 198l. A supply
ship steamed slowly back and forth near the drillship and 15-19 km from the
whale throughout the period of observation. No tones were evident in the
noise spectrum received by a sonobuoy near the whale. There was a broad peak
at 50-70 Hz; its spectrum level was 80 dB//1 pPaZ/Hze The broadband
noise level was 101 dB//1 pPa in the 10-1000 Hz band, which is not much

higher than typical ambient levels in the absence of industrial sources.,

The whale travelled in various directions at slow or medium speed during
most of the observation period. It remained 18-19 km from the drillship
throughout the entire period of observation. There was no indication that
its behavior was affected by the drillship or otherwise unusual. Its dives
and blow intervals averaged 12.8 min and 13.5 s in duration, respectively.
These values are very similar to the overall 1982 averages of 12.1 min and
14.9 s, respectively (Table 19). Sample sizes for other variables were too
small for meaningful comparisons. Many bowhead sounds, mostly low frequency
tonal calls, were detected by the sonobuoy. However, few calls were loud
(see Table 9 in Wirsig et al. 1983).

31 August 1982 (Evening). —— Two bowheads were observed, one at a time,
for 3.2 h at locations 10-12 km north and later northwest of the 'Explorer
II1', which was drilling at Orvilruk (Table 17). Again, no tones were
evident in the noise received near the whales, and there was a broad peak at
50-70 Hz and 80 dB//1 pPaZ/Hz (Greene 1983, Fig. 3). The broadband level
was 100-101 dB in the 10-1000 Hz band.
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The whales were travelling SW-W at slow to medium speed during both
their surfacings and their dives. Their distance from the drillship remained
similar throughout the observation session, since they were moving slowly WSW
from an initial location north of ﬁhe ship. All of the dives were very long,
but otherwise the behavior of the whales was not unusual. The five dives
whose durations were recorded averaged 27.6 + s.d..2.74 min in length. The
dive durations were very consistent, ranging from 23.4 to 31.0 min. Blow
intervals averaged 15.72 + 3.759 s (n = 58). This value was longer than that
recorded for a different whale several kilometres away earlier in the day
(13.50 + 5.711 s). However, it was similar to the mean for all 'presumably
undisturbed' non—-calf bowheads observed in 1982 (14.86 s; Table 19).
Relatively few bowhead sounds were recorded by the sonobuoy dropped near the
whales (see Table 9 in Wﬁrsig.et al, 1983). All of these sounds were low

frequency tonal calls of the usual types. Given the low received intensities

able 19. Surfacing, respiration and dive characteristics of nomcalf bowheads observed in the
resence and absence of drillships, 1981-82,

Date(s) Nearest Drillship Mean s.d. n Mean s.d. n

## Blows/Surfacing Duration of Surfacing (min)
3 Aug 81 Explorer II, 15 km 3.76 4,40 17 - 0.84 0.934 19
3 Aug 81 Explorer II, 4 km 8.4 3.00 9 1.6 0519 9
3 + 24 Aug 81 - 4.9 3.09 31 1.43 0.872 37
1 Aug 82 Explorer III, 19 km 7.50 2,12 2 150  0.071 2
1 Aug 82 Explorer III, 11 km - T 0 - - 0
111982 - 7.43 5.11 58 2,05 1.320 70

Blow Interval (s) Dive Duration (min)
'3 Aug 81 Explorer II, 15 km 12.40 5.665 65 0.49 0.579 11
3 Aug 81 Explorer II, 4 km 11.98. 4,385 62 11.26 4,821 5
3 + 24 Aug 81 - 13.67 6.190 190 8.18 8.202 13
1 Aug 82 Explorer III, 19 lm 13.50 5.711 3 12.79 2,150 5
1 Aug 82 Explorer III, 11 km 15.72 3.759 58 27.57 2.738 5

11 1982 - 14 .86 8.660 7% 12.08 9,153 51
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of these calls, they may not have been produced by the whales being observed

near the sonobuoys.

Aside from the unusually long dive durations, the behavior of the two
whales was similar to that of many other bowheads seen in 1982. Accordingly,
these observations were classified as 'presumably undisturbed' and were

included in the analyses of normal behavior presented by Wirsig et al.
(1983).

23 August 1981. —- Observations of bowheads 15-20 km and also 4 km from-
the 'Explorer II' on this date were described by Fraker et al. (1982). In
both areas, the whales were socializing, with some echelon feeding at the
more distant location (Table 17). Fraker et al. found that behavior of the
three whales 4 km from the ship was somewhat unusual, relative to behavior
15-20 km from the ship and relative to that of all 'presumably undisturbed'’
bowheads in similar water depths. Durations of surfacings and dives were
rather long, and number of blows per surfacing was correspondingly high.,

However, the whales were not moving away from the ship.

The same results were obtained upon re—examination of the 23 August 1981
data with the new criteria adopted in 1982 (Table 19). However, it is
noteworthy that mean values for all .variables were within the ranges
encountered in 1982. Whether the somewhat unusual behavior found 4 km from
"Explorer II' had any connection with the presence of the ship remains

unknown.

A sonobuoy dropped near the whales 4 km from the drillship showed that
industrial noise was clearly evident. Greene (1982) found that the dominant
sound from ‘Explorer II' while it was drilling at this location was a tonevat
about 278 Hz; its level 4 km from the ship was about 111 dB//l pPa. Many
bowhead calls were detected by a sonobuoy near the whales 15-20 km from the
drillship. No calls were detected by the sonobuoy near the whales 4 km from
the drillship (Wiirsig et al. 1982, p. 113).

In summary, on several occasions in 1981 and 1982 we have seen bowheads
in areas ensonified by drillship noise. The bowheads were not moving away

from the ship on any of these occasions. Behavior sometimes has been
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indistinguishable from 'normal'. . However, on two occasions dive durations
have been unusually long, and on one the durations of surfacing and number of
blows per surfacing were also rather long. Some groups of bowheads called in
the presence of drillship noise. However, the apparent lack of calling by
the socializing group seen 4 km from a drillship on 23 August 1981 1is
noteworthy, since socializing whales normaliy fall frequently (Wdrsig et al.
19(82)c E
)

Industry Sightings. —-In 1982, we received only two reports of bowheads
seen from or near drillships. On both 25 July and 15 August, a single
bowhead was seen an estimated 2 n. mi. (3.7 km) from 'Explorer II', which was
at the Irkaluk drill site. Fraker et al. (1982) reported several sightings
from drillships in 1980, including seven at estimated distances of 0.2-5 km.
Whales were reported to be 1 km or less from 'Explorer IV' on both 3 and 4
August 1980, and at ranges 1.4=5 km on 2 and 5 August 1980. Whales were
reportedly visible from the ship through most of the day on 4 August.

Drillship Noise Playback Expefiments

Playback experim;nts were completed on 16 and 18 August 1982, and a
third partial experiment was done on 19 August. Table 18 summarizes the
circumstances of each experiment. Only a few whales were under observatioﬁ
during eacﬁ of these experiments. Given the long dives encountered in 1982,
the number of surfacing and dive sequences recorded in each single experiment
was too small for separate analysis. Hence, we have pooled the results of
the three experiments before analysis. A two-way analysis with 'phase of
experiment? and 'date' as factors would be preferable, but this was precluded

by small sample sizes and some empty cells.,

Sound Levels to Which Bowheads were Exposed. -- The whales whose
behavior was observed in detail during the playback phases of the experiments
were estimated to be 2-6.5 km from the underwater sound projector. The peak
sound levels received at sonobuoys 2, 2 and 1.5 km from the projector during
the three experiments were 100, 110 and 99 dB//1 pPa, respectively (broadband
level, 10-1000 Hz band). Corresponding ambient levels before and after the
playback periods were 85, 101 and 92 dB (Table 18). Thus, the playbacks
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increased the sound levels 1.5 or 2 km from the projector by 15, 9 and 7 dB,
respectively. The whales closest to the projector were at about the same
range as the sonobuoy during each experiment. The most distant whales
observed during the experiments were 2-3 times as far from the projector than
were the sonobuoys, so received levels there would be several dB lower.

(Assuming spherical spreading, received sound level decreases 6 dB when the

range is doubled.)

The hearing abilities of bowheads are unknown, but dolphins apparently
can detect a <2 dB change in intensity (Bullock et al. 1968; Johmnson 1971).
If bowheads have similar sensitivity, most of the whales under observation,
with the possible exceptions of the most distant ones in the 18 and 19 August
experiments, should have been able to detect the intemsity change. The
difference in spectral characteristics of ambient and drillship sound would

provide additional cues for detection of the playbackée

Although most or all whales observed during the playbacks probably could
detect the drillship noise, the drilléhip noise levels received by the whales
were not very high. The strongest tone in the drillship noise was at about
275 Hz. 1Its received levels at the sonobuoys were 94, 105 and 92 dB in the
three experiments. These levels are equivalent to those that would be
received 12, 6.5 and 13 km from the drillship itself, based on Greene's
(1982) equation for received level vs. range. The closest whales were at
about the same ranges as the sonobuoys, and thus were exposed to sounds

roughly equivalent to those 12, 6.5 and 13 km from a drillship.

Behavior of the Whales. -—- Blow intervals before, during and after
playback periods did not differ significantly (Table 20; F = 1.35, df = 2,
307, p>0.1). The mean value during playbacks was less than the means before
and after playbacks, but not significantly so (t = 1.49 and 1.28,
respectively). We do not know if other surfacing, respiration and dive
variables were affected because they were rarely recordable during the brief

playback periods.

To test the hypothesis that whales would move away from the source of
drilling noise, orientations of whales relative to 'Sequel', from which the

noise was broadcast, were examined for the before and during playback
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Table 20. Surfacing, respiration and dive characteristics of non—calf

bowheads observed before, during and after the playbacks of drillship noise,
16-19 August 1982,

Phase of
Experiment Mean s.d. n Mean s.d. n
# Blows/Surfacing Duration of Surfacing (min)
Control 8.14 4.824 22 1.98 0.822 27
Playback 2 - 1 1.77 1.131 2
Post-playback - - 0 - - 0
Blow Interval (s) Dive Duration (min)
Control 14,12 6.019 245 9.09 7.711 12
Playback 12.85 4,966 58 10.00 - |
Post-playback 15.29 2.215 7 - - 0

periods. Only the first observation of each 'non-calf' whale in each period
was used. Headings of the whales were converted into deviations from the
'directly away from Sequel' direction, i.e. 0° = directly away, 180° =
directly toward. When applied to these deviation scores, the V-test
(Batschelet 1972) showed no evidence that the whales were orienting away from
'Sequel' in the before playback periods (V = 2.67, n = 26, p>0.1). However,
there was evidence of orientation away during playbacks (V = 4.87, n = 15,
0.05>p>0.01). None of the 12 whales within 4.5 km of 'Sequel' during the

playback periods was approaching 'Sequel'; 10 moved away and two moved

tangentially.

There were indications that the whales tended to move faster during the
playback periods, as well as more consistently away from 'Sequel'. During
the pre-playback control periods, motion was recorded as nil or slow for 12
surfacings and moderate or fast for eight. During playbacks, the correspond-
ing figures were 1 and 7 (chi2 = 5.18, df = 1, p<0.025). The increase in
“speed, coupled with more consistent orientation away from 'Sequel’ during the
playback phase, was sufficiently distinctive that it was noticed in real time

by the observers in the aircraft. However, the reactions were not nearly as

conspicuous as those during close approach by a boat.
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Turns occurred at similar frequency within surfacings in the control and
playback periods. The whales turned during 7 of 34 control surfacings and

during 3 of 13 surfacings during playbacks.

In all three playback experiments, the apparent rate of calling was
much reduced from that before the playback period (Table 21). However, some
bowhead calls of the usual types, mostly faint calls from distant whales,
were recorded via the sonobuoys during the playback phases. Although whales
tended to move away from the 'Sequel' as each experiment progressed, the
reduction in call rate does not seem to have been an artefact: after the end
of each experiment, the total call rate returned to a level near that before
the playback period, and the rate of loud calls also increased (Table 21).
The elevated noise level during playbacks may have masked some faint calls,
artefactually reducing the apparent total call rate, but it did not mask the
louder calls. Thus, the reduced call rate during playbacks was probébly

real.

In summary, bowheads appeared to move more consistently and rapidly away
from the playback site during the playback periods than they had before the
playbacks began. However, the reaction was not as dramatic as that to close
approach by a boat. The rate of calling also decreased during playbacks.
Sound levels received by the closest of the whales were similar to those

several kilometres from an actual drillship.

Gray Whale. -— About 3 min into the 'increasing level' phase of the

playback experiment on 18 August, a gray whale (Eschrichtius robustus)

surfaced about 5.5 km from °'Sequel'. Initially this whale moved rapidly
eastward, toward 'Sequel'. It is doubtful that the drillship sound was
detectable at this distance, since it was not yet being projected at high
intensity. About 6 min 1into the playback, the gray whale dove. It
resurfaced about 4.5 km from 'Sequel’' 1 min after the peak 1level was
reached. It was then oriented tangentially, and moved slowly until it dove
again 4 min into the peak playback period. The last confirmed sighting of
this gray whale was 7 min into the decreasing level phase. It was then 3 or
4 ¥km from 'Sequel' and moving slowly westward (away). Whether the

reorientation was attributable to the drillship noise is unknown.
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Table 21. Calla rates of bowheads during three drilling noise playback
experiments, 1982

Playback Level

Quiet - After
Boat Increasing Peak Decreasing Playback
Loud Calls/Whale-h
16 Aug '82 8.3 6.9 0.0 4.0 1.1
18 Aug '82P 2.6 0.0 0.0 0.0 1.8
19 Aug '82 3.8 0.0 -c - 3.8
Total Calls/Whale-h
16 Aug '82 49.2 31.5 4,0 17.0 . 35.0.
18 Aug '82b 1 29.9 23.9 2.3 22.5 35.0
19 Aug '82 29 .4 21.5 -c 17.1
Whale~h '
16 Aug '82 5.2 1.3 1.0 1.0 1.8
18 Aug '82b 10.9 1.5 1.3 1.3 4.0
19 Aug '82 12.9 1.4 -c - 4.2

a pata compiled by C.W. Clark.
Seismic signals were present throughout the experiment on 18 August 1982.

C The playback on 19 August 1982 was terminated before the peak level phase
because a bowhead calf was detected.

This was our only sighting of a gray whale in the eastern Beaufort: Sea
in 1982, Three were seen there in 1980 (Rugh and Fraker 1981) and one was
seen in 1981 (Wiirsig et al. 1983).

Discussion

Our observations show that bowheads sometimes approach to within a few
kilometres of operating drillships and remaiﬁ there for at least severel
hours. Their behavior in these cases is not conspicuously different from
normal, although it is possible that quantitative differences in surfacing
and dive cycles may sometimes occur. Drillship noise is clearly detectable
in the water at ranges of several kilometres. Industry personnel have

reported bowheads even closer to drillships than we have observed.
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The playback experiments in 1982 suggested that some bowheads may react
to the presence of drillship noise in the water at intensities similar to
those found several kilometres from a real drillship. The reactions were not
nearly as clear cut as those to an approaching boat, but there was limited
evidence of (1) orientation away from the sound source, (2) faéter motion

than before the sound was turned on, and (3) decrease in the rate of calling.

Why did the behavior of bowheads seem to be affected more strongly by
drillship noise playbacks than by drillships themselves? As described above,
the sound levels reaching the whales during the playback experiments were
similar to or less than those reaching whales that we have observed near
drillships. One of the usual possibilities-—that controlled experiments are
better able to detect subtle effects-—-does not seem to be the explanation in
‘this case. Bowheads clearly remained near drillships for hours at a time,
whereas some bowheads apparently oriented away from the playback sites within

minutes.

One obvious difference between the two situations is that the playbacks
lasted only 30-33 min, whereas a drillship produces sounds continuously
(although with occasional changes in sound characteristics—--Greene 1982).
Animals frequently react more strongly to a stimulus when it is first
presented than they do after a prolonged period. It is interesting that some
whales apparently reacted to the playbacks despite the fact that we increased
and decreased the playback intensity gradually over 10-13 min in an attempt
to avoid 'startle' responses. Perhaps even a 10-min period of gradually
increasing level is perceived differently than the slower increase in level

that a whale would experience as it swam toward a drillship.

Our few playback experiments must be considered preliminary. Although
the logistics of playback experiments far offshore are difficult, future
experiments should involve more trials, longer trials, reduced distance from
whales, and blind observation protocols. Also, non-industrial sounds should
be broadcast near bowheads to test whether they react specifically to
drilling noise, or more generally to any novel sound. Clark and Clark (1980)
found that right whales tended to move away during playbacks of recorded

water noise, a 200 Hz tone, or humpback whale sounds; Cummings and Thompson
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(1971) found that some gray whales presented with random noise or pure tones

turned away temporarily.

Our observations show some degree of tolerance of drillship operations.
However, the playback experiments suggest that avoidance can occur in at
least the short term. How relevant are these observations to the question of
drilling in the Alaskan Beaufort Sea? Islands and other bottommounted
structures are the current and anticipated platforms for drilling there.
Reactions of bowheads to drillships and to drilling from islands may differ.
Sound propagation from these structures into the. sea probably 1is quite
different. . Malme and Mlawski (1979) detected low frequency tones from
drilling on an icebound island to ranges of 7-11 km under low ambient noise
conditions, and to only about 2 km under high noise conditions. These ranges
appear to be less than those to which drillship noise propagates. However,
the applicability of the Malme and Mlawski winter measurements in shallow
ice-covered water to the summer and fall situation in somewhat deeper water
is also questionable. It is desirable that sounds from drilling on islands
be better characterized, and that the reactions of bowheads to such sounds be

studied.

CONCLUDING REMARKS

Progress in 1982

The purpose of this study was to deﬁermine, by experimental and
observational means, the immediate behavioral reactions of bowhead whales to
potential sources of disturbance. We have found strong reactions to
approaching boats and aifcraft, and subtler, variable reactions to drilling.
and seismic noise. Overall, however, we found considerable tolerance of
ongoing seismic, dredging and drilling operations. In 1982, we obtained new
information about reactions to most of these sources of potential
disturbance. The most noteworthy new information concerned seismic and

drilling noise.

Previous to 1982, the available information suggested that bowheads may
react to the start-up of seismic (geophysical) exploration, but show no overt

response to ongoing seismic operations as close as 6-13 km away (Fraker et
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al, 1982). 1In 1982 we found, for the first time, indications that bowhead
behavior sometimes 1is altered subtly by noise from distant geophysical

exploration. However, we again found no evidence of avoidance.

Information available before 1982 also provided no clear evidence that
bowheads react to or avoid drillships. The 1982 work corroborated that some
bowheads approach to within 10 km from drillships. However, drillship noise
playback experiments suggested that some bowheads will move away from the
source of drilling noise, at least in the first half hour after it begins.
This experimental evidence is consistent with a trend noted in our 1980-81
report: bowheads tend to react more strongly to the introduction of a type of
disturbance not present in preceding hours (boat, aircraft, airgun or drill-

ship playback) than they do to ongoing industrial operations.

The 1982 work also has provided corroborative evidence regarding
reactions of bowheads to aircraft and boats. The new information is
consistent with earlier indications that reactions to our observation
aircraft were frequent when it was <305 m (1000 ft) a.s.l., infrequent when
it was at 457 m, and not detected when it was at >610 m. The one boat
disturbance experiment in 1982 provided confirmation that bowheads react
strongly to an approaching boat even when already exposed to seismic noise.
The new results are also consistent with the suggestion that bowheads may be

especially sensitive to boats when other types of industrial noise are

detectable in the water near the whales.

Data Gaps

A number of important questions about reactions of bowheads to aircraft
and vessel traffic remain unanswered. Neither we mnor other workers have
obtained any systematic information about reactions of bowheads to
helicopters. Because many helicopters produce rather intense sound with many
tonals (Greene 1982), reactions of bowheads may be more pronounced than those
to fixed wing aircraft. Bowheads react strongly but rather briefly to one
pass by a boat; however, there is no information about effects of repeated
boat traffic. Reactions of bowheads and other baleen whales to hovercraft

are unknown,
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The effects of seismic exploration on bowheads are not well understood.
The pulses of noise from seismic vessels are by far the most intense type of
noise introduced into the sea by normal industrial operations. Several areas

of uncertainty can be identified:

- The long-distance horizontal propagation of such noise in shallow
waters has not been studied in much detail. Greene (1982, 1983)
obtained some data on propagation during this study, but one cannot
extrapolate the results to different areas, such as the Alaskan
Beaufort Sea, where propagation conditions probably are different.

- Factors responsible for the seemingly variable responses of the whales
to .seismic noise are not understood. Sometimes we have found no
detectable behavioral response at ranges as close as 6-13 km, and on
other occasions we have found apparent responses at much greater
ranges and lower received noise levels. Is this difference an
artefact of differences in our ability to detect effects, or does the
sensitivity of the whales to seismic noise vary greatly?

— Assuming that bowheads do react to distant seismic exploration on some
occasions, what 1is the biological significance of these reactions?
The apparent reactions detected in 1982 were quite subtle. It is
uncertain how disruptive or deleterious such inconspicuous changes in
behavior might be..

- Is there any range at which bowheads will actively avoid seismic
noise? Neither we nor Ljungblad's team have detected active
avoidance, and industry personnel report seeing bowheads even closer
to seismic vessels than we have noticed.

— Can bowheads in shallow waters detect the direction of arrival of a
very intense, low-frequency sound such as a seismic pulse? If not,
this could explain their failure to move away from seismic ships.

- Whether or not bowheads ever actively avoid seismic vessels in the
short term, does exposure to seismic noise in a particular area affect
the likelihood that bowheads will return to that area in the future?
(Existing information on this point is discussed in Richardson et al.
1983a.)

~ How does seismic noise affect the hearing system of bowheads? Seismic
noise can be 100 dB or more above ambient levels out to several
kilometres from the seismic vessel. Are such 1intense sounds
'unpleasant' or harmful to the hearing system of bowheads?

To answer all of these questions would require a study broader in scope than
this. However, with sufficient control and replication, an experimental
study of short-term behavioral responses could address some of these

questions. It could examine the factors affecting the occurrence and
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severity of overt reactions, and could determine how close a seismic vessel

could come before the whales began to swim away.

The most important question about the reactions of bowheads to drilling
concerns the potential differences between drilling from ships, islands and
other platforms. Noise propagating into the water from these platforms is
expected to differ considerably. However, no measurements of underwater
noise from drilling on an artificial island surrounded by open water have
been published, insofar as we know. Also, it would be desirable to
corroborate the limited 1982 evidence that bowheads react to the onset of
drilling noise at levels similar to those several kilometres from a
drillship. Bowheads show considerable tolerance of ongoing drillship

operations.

Only limited information about reactions of bowheads to dredging has
been collected. Bowheads sometimes approach to within several kilometres of
an active dredge (Fraker et al. 1982), but there have been no detailed
observations of their behavior near a dredge. No experimental work with

dredge noise has been done.

Implications of Short—-term Behavioral Reactions

This study was designed to detect and characterize any overt behavioral
responses of bowheads to various industrial activities. Strong responses to
boats and aircraft have been found in some situations, and weaker responses
to seismic and drilling noise have also been detected. The strong flight
responses to boats cease as the boats move away, although the whales may
remain scattered for some time thereafter. Conspicuous reactions to aircraft
occur during overflights at low altitude, but dd not seem to persist for long
if a circling observation plane subsequently avoids flying directly over the
whale. Most of the other responées that we have detected have been less
conspicuous. In the presence of seismic noise or drillships, there sometimes
is evidence of adjustments in the mean durations of surfacings and dives, the
number of respirations per surfacing, the intervals between blows, or the
rate of calling. However, the adjustments are usually sligﬁt and their

causal connection with the seismic or drillship noise is .difficult to
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confirm. The whales generally do not seem to move away from seismic vessels,

drillships or dredges.

What 1is the significance to the whales of the brief and/or subtle
changes in behavior that we have detected? An occasional brief interruption
of feeding by a passiﬁg boat or aircraft is unlikely to be very significant
provided that the whales do not vacate the feeding area and that they resume

feeding soon after the boat or aircraft leaves.

Disruption of close social groupings might have more prolonged effects.
We have noticed increased spacing between whales after some boat disturbance
incidents, and there was an indication of reduced echelon size among skim-
feeding whales during one airgun experiment (Fraker et al. 1982). Our data
on the durations of the periods of increased spacing are not very extensive.
Disruption of mating groups or mother—-calf pairs could be particularly
serious. Female bowheads sometimes become separated from their unweaned
calves by distances up to 1 km (Wirsig et al. 1982, 1983). If a boat
approached during one of these temporary separations and caused the whales to
flee, the mother and calf might be especially likely to become separated

permanently.

The subtle alterations in behavior that we sometimes detected or
suspected may also be significant as indicators of unobservable internal
effects. Stress effects are difficult to study in any animal, and would be
especially so in large whales. Nonetheless, stress might occur as a result
of noise or other stimuli from industrial activity, and seemingly minor
changes in overt behavior might be the one observable manifestation. One way
to establish a connection between overt behavior. and stress might be to
conduct disturbance experiments in which radio-telemetry is used to monitor
physiological and behavioral parameters at the same time as behavior is

observed.

The potential effects of industrial noise on communication between
bowheads is still a subject of concern. We and other workers have found that
bowheads produce a variety of calls, and call quite ffequently. The
functional importance of some of these calls has been documented in a general

way (Wirsig et al. 1982, 1983). Increased background noise levels at low
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frequencies will decrease the signal to noise ratio and reduce the range to
which a call will be detectable. With spherical spreading*, a 20 dB increase
in noise level, which is not unéommdn, will reduce the range of detectability
by a factor of 10, e.g., from 10 km to 1 km. A 40 dB increase in noise level

could cause a 100-fold reduction in communication range.

The biological significance of a reduction in communication range is
uncertain. We do not know how important it is for distant bowheads to hear
one another. However, the characteristics of bowhead calls strongly suggest
that they function over distances of many kilometres. Increased noise levels
as a result of industrial activity will be more important if bowheads often
communicate over many kilometres than if they normally do so only over a
kilometre or so. Natural noise levels in the sea vary widely. Bowheads must
be adapted to occasional increases in ambient noise levels. Nonetheless,
elevated noiée levels will inevitably reduce the potential range of
communication. This could be important if long-range communication by sound

is important to bowheads.

A study of short-term behavioral reactions also does not allow a direct
assessment of long-term effects. However, it can provide some of the
information needed to determine whether there are year—-to-year changes in
distribution that may be attributable to industrial activity (Richardson et
al. 1983a). It can also provide clues regarding the types of industrial
stimuli that are most 1likely to have 1long-term effects. One could
hypothesize that the stimuli most likely to have long-term effects are the
ones to which there 1is a strong short-term reaction. This would be
especially likely if the short~term reaction involved mating animals or
mother-calf pairs, since disturbance to those whales could have direct

effects on reproduction and recruitment.

Applicability to Alaska

The applicability of our results to bowheads in Alaskan waters remains a
topic of concern. OQur 1982 data, as well as the 1980-81 results, were

obtained in the eastern Beaufort Sea in mid to late summer. At this time

* With spherical spreading, received level decreases by 20 dB per 10-fold
increase in range.
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bowheads are feeding, socializing and, on an intermittent basis, travelling
considerable distances. Most of the whales studied were in open water,
although pan ice was nearby on some occasions. Behavior of bowheads in the
Alaskan Beaufort Sea during late summer and early autumn (until late
September) appears very. similar (Braham et al. 1977; Ljungblad et al. 1980;
Lowry and Burns 1980; Ljungblad 1981, pers. comm.). Also, some of our
results were obtained off the Yukon coast, not far from Alaskan waters. This
included all of our 1982 results concerning seismic noise as well as the
drillship noise playback expefiments. We suspect that the reactions of
whales in the Alaskan Beaufort Sea up to late September would be similar to

what we have observed.

Later in the autumn, bowheads begin to travel mofe consistently to the
west through Alaskan waters (Ljungblad et al. 1980; Ljungblad 1981, pers.
comm,) . Our results may be less applicable to these actively travelling
whales. Similarly, it is uncertain how similar the reactions of bowheads
would be during the winter and spring, when . their activities differ
considerably from those in summer and when the whales are usually in or near
pack ice. If detection of sounds from ice of other bowheads far away is
important during migration (e.g., to find openings in ice), industrial noise
along migration routes might have effects of types that this study could not

detect.
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ABSTRACT

Underwater sounds in the eastern Beaufort Sea were studied during August
1982 as part of a continuing project to study the behavior of bowhead whales
in areas 6f offshore hydrocarbon exploration and development. Similar
studies in 1980-81 had included measurements of underwater noise from a
_ drillship, a suction dredge, a loaded hopper dredge underway, three types of
aircraft (Twin Otter, Britten—Norman Islander, Bell 212 helicopter), several

support vessels, and seismic survey signals from sleeve exploders. Models
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for sound transmission loss in the shallow water were also derived. In 1982,
measurements were made of seismic signals at close ranges (from 0.9-14.8 km),
seismic signals from an airgun array at ranges of 52-75 km, sounds from a
variety of activities at an artificial island (Tarsiut), sounds from a
different drillship, and sounds from trailing suction hopper dredges dropping
and picking up loads.

Sounds were recorded via sonobuoys dropped from an Islander aircraft and
via hydrophones deployéd beneath a sparbuoy floating near a drifting vessel--
the MV fSequel', a former fishing boat. In addition, previously recorded
drillship sounds were projected underwater near bowheads 1in playback

experiments to study any behavior changes that might occur.

The seismic ship 'Arctic Surveyor' used open—bottom gas guns in 1982,
For ranges 0.9 to 14.8 km in water 9-11 m deep we recorded peak levels
corresponding to rms levels from 177 to 123 dB//1 pPa. Using a least squares
regression fit to an equation. with a spherical spreading loss term of 20
log(R), we derived an absorption loss term of 2.09 dB/km and a predicted
level of 174.5 dB//1 pPa at 1 kﬁ; the standard error was 1.7 dB. Frequency
content at the short ranges (to 1.9 km) was predominantly below 150 Hz;
~ beyond 7.4 km the energy was predominantly above 150 Hz. Thus, low
frequencies attenuated more'rapidly in the shallow water. The low frequency
energy (<100 Hz) probably travelled via a higher-velocity sub-bottom path; it
arrived 70-135 ms (depending on range) before the higher frequency component,

which presumably travelled via an in-water path.

Signals received from the 1410 cu in airgun array on 'GSI Mariner'
varied considerably over short periods of time, but we recorded levels from
133 dB at 60 km to 110 db at 75 km. Transmission loss could not be modeled

because data were recorded sporadically at different places and times.

Tarsiut Island was a caisson~retained artificial island in 23 m of water
off the Mackenzie Delta. During two visits by 'Sequel', there were always
four or more workboats, barges and tugs in the vicinity. Drilling had been
compléted before our first visit on 6 August, but different activities

contributed to varying noise levels. Sounds from pile driving using a
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vibrator on the opposite corner of Tarsiut from "Sequel's” position were not
identified. At 1.1 km on two 6ccasions, band levels for 10-500 Hz varied
from 126-133 dB//1 pPa and there were several strong tones (e.g., 55 Hz at
113 dB, 115 Hz at 116 dB, and 132 Hz at 119 dB). At 0.46 km, the 10-500 Hz
band level was 119 dB and the strong tones were 91 Hz at 104 dB and 121 Hz at
112 dB. It is not known which of the various noise sources in the area was
responsible for each of these tones. Noise recorded 18.5 km west of Tarsiut
3 h later was generally indistingishable from natural ambient noise-—the

10-500 Hz band level was 104 dB or 15 dB lower than 0.46 km from Tarsiut.

Drillship 'Explorer I' was never drilling during our two visits in
'Sequel' but other drillship sounds were recorded at two short ranges. Water
depth was 17 m and the shiﬁ was about 18 km east of Tarsiut Island. While
the drillship was 'logging', we measured a 10-500 Hz band level of 125 dB at
a range of 170 m. The noise spectrum included several strong tones,
including 88 Hz at 112 dB, 211 Hz at 118 dB, and 501 Hz at 108 dB. At 610 m,
the 10-500 Hz band level was 113 dB and the strongest tone was at 88 Hz, 103
dB.

Sonobuoy recordings at ranges of 11 and 18.5 km from drillship 'Explorer

III' while drilling showed no evidence of machinery noise.

Sounds of the hopper dredge 'Gateway' dropping her load in 12 m of

water were recorded at a range of 1.5 km. The 10-500 Hz band level was 129
dB. Underway empty at a range of 1.06 km the level in the same band was also
129 dB. While stopped and not dumping at range 1.5 km, the 10-500 Hz band
level was 120 dB. Hopper dredge 'Geopotes X' picking up a load at a range of
0.43 km produced a 10-500 Hz band level of 141 dB. We estimated that, at a
standardized range of 1 km, 'Geopotes X' dredging was 5 dB noisier than
'Gateway' dumping (in the 10-500 Hz band) .

The projected drillship sounds during the highest-level playback
experiment achieved a maximum source level of 164 dB//1 pPa-m. At range 2
km, the 10-500 Hz band level was 109 dB and the dominant 275 Hz tone was 103
dB. Based on the drillship transmission loss model developed in 1981 for

it a Tawvwal A€ 102 AT vwrmnitlAd R oavrnarntrad arr a »anmade nf 7 bm fr»ram ~hae
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INTRODUCTION

One of the primary concerns regarding potential environmental effects of
| offshore exploration and development of hydrocarbon deposits is the possible
effect of underwater noise on marine mammals. Noises of concern include
those from vessels, aircraft, dredges, drilling, and geophysical surveys
using sources of impulsive underwater sound (seismic surveys). Among other
projects, the Minerals Management Service, U.S. Department of the Interior,
has sponsored our studies of the responses of bowhead whales to offshore oil
exploration. This research has been done_in the eastern Beaufort Sea where
the Western Arctic stock of bowhead whales feed throughout the summer.
Canadian 0il companies have been operating offshore in this area for several
years. Under the project, we have measured noises from a variety of
industrial sources during August of 1980-82 while biologists studied whale
behavior in the presence and absence of these same industrial activities
(Richardson 1982 and this volume).

Characteristics of industrial sounds recorded in 1980-81 were described
by Greene (1982). That report also summarizes previous literature concerning
noise from offshore hydrocarbon exploration. The present report concerns

primarily the sounds recorded in 1982.

For the 1982 effort, Polar Research Laboratory, Inc., again provided the
acoustic instrumentation for an aircraft and a boat, provided an acoustician
for the boat crew, and analyzed the industrial sounds recorded during the
field work. The aircraft instrumentation consisted of a supply of AN/SSQ-57A
sonobuoys, two sonobuoy receivers, and a two-channel cassette recorder. On
the boat, the MV 'Sequel', we had equipment for two types of tasks. To
record noises, there were two low noise hydrophones (one for low frequencies
and the second for wideband reception), amplifiers, and a two-channel
cassette recorder. - To broadcast underwater sounds neér whales, we used a
one watt underwater sound projector, power amplifier, monitor hydrophone, and
other monitoring instruments. The latter instrumentation was used for.
experiments in which previously recorded industrial sounds were played baék
near whales while observers in the aircraft and on the boat monitored bowhead

behavior.



Industrial Noise 222

The approach to measuring industrial sounds was primarily opportun—
istic. When not committed to an experiment in coordination with the
aircraft, the ‘Sequel' would cruise to a known area of industrial activity.
We talked to the operators by VHF radio, if possible, to determine what was
happening and to avoid being in the way. In August 1982 we were able to
record sounds of seismic survey work by 'Arctic Surveyor' and ‘GSI Mariner';
sounds from the drillship 'Explorer I' while it was logging; sounds from the
hopper dredge 'Gateway' while dumping her load and from the hopper dredge
'Geopotes X' while picking up a’load; and sounds from the artificial island

Tarsiut while pile driving was occurring.

Playback experiments were more difficult. It was necessary that
bowheads, airplane, boat, and good weather (low wind, no fog) all be preseﬁf
at the same time. An additional requirement was that there be no bowhead
calves present, as our permit precluded us from conducting disturbance trials
with calves. During playback experiments, the airplane crew deployed a
sonobuoy about 2 km from the boat, and the boat crew deployed the projector
over the side in order to ensonify the ocean with drillship sounds. The
details of playback experiments are presented in Richardson et al. (1983c);
this report provides background information about the characteristics of the

projected sounds.
The operating area and main sound recording sites are shown in Figure 1.

METHODS

The methods used in 1982 were similar to those used in 1981 (Greene

1982) and will be described here only in summary.

Aircraft System

Sonobuoys were the means by which the aircraft recorded waterborne
sounds. In 1982, we wused AN/SSQ-57A bubys manufactured by Hermes
Electronics, and the sonobuoy hydrophones were always set to deploy to 18 m
depth. These sonobuoys are delivered with calibration data, although the

specification allows a deviation of 2 dB either way.



Industrial Noise 223

ofem syj jo osmos pue syidep i93eM  °BIG 3JI10InEag TBIIUID-3SED

*umoys aiIe 7gel Ul S23Fs Sujpaodea

‘eaae 4Apnis oyz 10 dey 1 TUNOII

obel

II ¥43y¥01dX3

*

08¢l

XOV8AVYld

Dag

08¢l

oObl'

UoYNA

wy

1104103 G

-Obl,




Industrial Noise 224

The receiving and recording system on the aircraft was the same as in
1981 (Greene 1982). The receivers were portable FM radios with frequency
converters to allow the sonobuoy radio frequencies to be tuned. The receiver
sensitivities were calibrated to permit computation of sound pressures in the
water in units of microPascals. A Sony model TC-D5M stereo cassette recorder
with servo controlled capstan drive (for precise control of tape speed) was
used to record the signals.

Sonobuoys do not have flat responses; low frequencies are de-emphasized
and high frequencies are emphasized. Hence, the waveforms recorded are not
faithful analogs of the sound pressure waveform at the sonobuoy hydrophone.
However, the calibration curve showing sonobuoy sensitivity as a function of
frequency allows us to compensate for this uneven response while we are
computing the noise power density spectrum. All power spectra for sounds
recorded via sonobuoys have been corrected in this way both in this report
and in Greene (1982). A filter on the radio output having the inverse
frequency response-—emphasis at 1low frequencies and de-emphasis at higﬁ
frequencies—-could alsa be used to restore the waveform to the shape of the

signals at the hydrophone.

Boat System

Two hydrophones were used. The wideband hydrophone on the boat was 4
model H56 reference hydrophone from the U.S. Navy Underwater Sound Reference
Detachment, Orlando (Naval Res. Lab. 1982). The H56 has a calibrated
' response from 10 to 65,000 Hz and a built-in low noise preamplifier. The
separate low frequency hydrophone used a bender element and had a uniform
response from 5 to >1000 Hz. Its built-in preamplifier is designed to
produce very little self-noise at low frequencies. Separate postamplifiers
for both hydrophones allowed the investigator to select an optimum gain for
the signals being recorded. For commonality with the 1981 data and to allow
for the expected shallow water, -the usual depth of these two hydrophones was

9 m,

The projector used for playback experiments was USRD's model J-1ll. We

deployed it from 'Sequel' at a depth of 9 m. A monitor hydrophone (we used
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source level, During  playback experiments, an endless loop cassette tape
with a recording of the industrial noise was played through a 250 watt
amplifier. 1In 1982, all playbacks involved recorded noise from the drillship
'Explorer II', but we also had loops with noise from a dredge and from
drilling on an icebound island. The waveform from the H56 hydrophone was
monitoréd to prevent distortion due to overdriving the projector, and an rms
voltmeter provided signal level information. Noise detected by a sonobuoy
some 1.5-2 km away was recorded aboard the observation aircraft circling

overhead; this provided information on the levels of sound near bowheads.

The distances from 'Seqdel' to 1industrial sources were usually
determined by radar on 'Sequel'. The location of the 'Sequel’ was‘determined
by_a navigation satellite receiver and, less precisely, by the VLF navigation
system on the observation aircraft when it passed overhead. Distances to
distant seismic vessels wefe sometimes determined from the known positions of

the seismic vessel and 'Sequel'.

- Data Analysis

The core of the acoustic data analysis process is an analog-to-digital
converter in a NOVA 3/12 minicomputer at PRL. The digitized data are needed
to compute power spectra, spectrograms (frequency vs. time plots), and

intensity vs. time plots.,

A segment of taped noise to be digitized ‘is 1low-pass filtered,
amplified, converted to 12 bit words in the computer, and stored on disk.
The process is flexible, but as a rule we save 17,408 samples in a file for
~each segment ﬁo be analyzed. Various sémpling frequencies differing by
powers of two are used. This leads to integer spacing of the frequency
'cells' or 'bins' resulting from discrete Fourier analysis in power spectral
density computations (Table 1). For the first two sample frequencies the
analysis is done with blocks of 2048 samples for each transform; for the
higher two sample rates the transform block size is 1024. That is why the
bin spacing and effective bin width jump by an extra factor of two between
4096 and 8192 samples/second. The 4096 Hz rate was only used on the Britten-
Norman (B-N) Islander flyover analyses, where we desired a segment length of

only 4 s,
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Table 1. Attributes of power spectrum analyses with different
sampling rates.

Length of
Sample Bin Effective Filter Record
Frequency Spacing Bin Width Cutoff Analyzed
. 2048 Hz 1 Hz 1.7 Hz 1000 Hz 8.5 s
4096 2 3.4 2000 4.25
8192 8 13.6 4000 2.125
16384 16 27.2 8000 1.0625

Previous to 1982 (Greene 1982, p. 271), we had computed power spectra to
500 Hz with 2 Hz bin spacing and to 1000 Hz with 4 Hz spacing using
independent computations. By sampling the 1982 data at 2048 Hz and using a
transform block size of 2048 samples, we achieved a 1 Hz bin spacing to 1000
Hz, thereby both enhancing resolution and saving considerable computing
time. To retain compatible plots, we plotted 0-500 ﬁz'and 500~1000 Hz in
separate graphs. The total length of each 1982 data segment analyzed was
increased from the 16,384 samples of 1981 to 17,408 to allow the computation
of the last (the 8th) 507% overlapped block of data.

In computing the Fourler transforms, a 'window' 1s applied to the
samples in the block to assure isolation of the results in one bin from those
in another (Harris 1978). Without such windowing a strong tone in one bin’
may °‘leak' into adjacent bins, obscuring weaker tones. The price of this
windowing 1s wider effective bin widths and reduced use of the data. The
wlder bins must be accepted but the lost data can be substantially recovered
by analyzing overlapping blocks of samplés. We used 50% overlaping so every

sample 1s processed twice.

For sounds whose characteristics change rapidly, such as pulses of noise
from seismic exploration, ‘'waterfall'-type spectrograms are desirable. In
this case, power spectra are computed separately for many successive portions

of the taped noise. Greene (1982) described the procedure.
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The other analysis done with the digital samples is simply to plot them
as time series. This permits examining waveforms and measuring amplitudes,
which we needed to do with the seismié survey signals. For data recorded
from the HS56 hydrophone (on the boat), we could carry the calibrations
through and plot the waveform in microPascals vs. time in seconds. For data
recorded via sonobuoys, whose response is not uniform with frequency, we
simply plot 'volts into the recorder' vs. time. The investigator must then
determine what frequency dominates, either by counting the number of pressafe

-cycles per second or by examining the computed spectrum for the signal. -

In the Results we present spectra for the seismic signals. These
require special interpretation. These spectra were computed and plotted in
the same way as were signals from continuous sources, which presumes that the
sound persists more or less uniformly throughout the segment of samples
(17,408). Of course, this is not the case for the seismic signals. Thus,
such spectral plots must be 'interpreted qualitatively, showing where in
frequency the energy in the signals falls. They must not be taken literally
as indicating that the spectrum level for ; certain seismic signal at a

certain frequency is so many dB//1 pPa2/Hz; it is not.

Band Levels. As part of the spectrum plotting process, we now integrate
the spectrum levels 1in different bands of frequency to compute band levels.
We use one half the spectrum levels in the end bins of a band, always.
choosing band limits that fall on bin centers. We generally present band
levels for the 10 to 500 Hz band, computed from the 8.5 s segment of noise -
sampled at 2048 Hz and analyzed with 1 Hz bin spacing. Interestingly, only
rarely did the level in the 10 to 1000 Hz band exceed the level in the 10 to
500 Hz band by as much as 1 dB; typically, it was only 0.l dB more. Most
energy, whether ambient or from industrial ' sources, 1is found at low

frequencies.

Tones. Tones, or line components 1n a spectrum, are narrowband in
character. Usually they are narrower than the analysis.resolution. This
being the case, the level of power computed for a bin containing a tone, in
units dB//1 pPa, should not be converted to a power spectrum level in

dB//1 pPaZ/Hz. Our plotting program identifies spectral components greater



Industrial Noise 228

than 3 dB above the preceding spectral minimum, removes the ‘correction to 1
Hz', and prints the frequency and power. The investigator must determine if
the peak was actually a tone. The spectrum plot is not changed, so the
spectrum levels of tones are presented in all our spectra. Because of the
change from spectrum level to power level, the plotted level in dB//1 pPa2/Hz
will always be less than the printed level in dB//l pPa. The latter is the

more useful figure.

Terminology. Specialized acoustic terminology used in this report is
used in the same way as in Greene (1982). Pages 272-274 of that report

define the acoustical terms.
RESULTS
This section is organized to pfesent the results of the sound measure-
ments and analyses by the type of source. We begin with a presentation of

sound speed profiles and examples of ray paths, then proceed to some samples

of ambient noise, and then present results for several industrial sources.

Sound Speed Profiles and Sound Ray Paths

Knowledge of sound ray paths 1is important in understanding sound
propagation. Ray paths, in turn, are strongly influenced by the vertical
profile of sound speed, which can be determined from the vertical profiles of

temperature and salinity (Urick 1975).

Salinity, temperature, and depth profiles were measured to the bottom or
to 38 m, whichever came first, at three places. A Hydrolab System 8000
instrument was used. At two of these locations the water depth was 110 m,
and, ignorant of the actual salinity and temperature at the bottom in those
cases, we assigned the same values as were measured at the end of our cable.
The results are contained in Figure 2. In studying this figure, note that

both the depth and range scales change for the three locations. The same

nmaermnms At 0 m)Y farvd 2ttt mTl ety Al mce ava 110md LTrm AalTl Fhrecn avamalae Af
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The top profile is for Tarsiut Island and is probably representative of
the shallbw water areas in which industry operates. It is similar. ﬁo
profiles measured previously in the shallow areas, although the negative
gradient is less severe than we observed in 1980-81 (Greene 1982, p. 276-7).

The bottom has a strong influence on sound propagation here.

The sharp positive gradient in the second example is not surprising, as
we were anchored to a drifting ice floe in an area dominated by ice. A
shallow surface channel exists, although this is not important at low
frequencies. Because of the deeper water, bottom reflections may not be

important at ranges up to a few kilometres.

The third example is for the same general area but without any ice; the
profile is more typical of summer, with a warmer, higher speed layer near thé
surface. High frequency sound from near the surface will tend to travel in
a shallow surface duct while deeper sources will radiate with strong downward

refraction for depths in the negative gradient.

Ambient Noise

No comprehensive study of ambient noise was possible within the project,
but background noise was recorded on numerous occasions, both with the
sonobuoys and with the hydrophones on ‘Sequel'. Four examples that are
generally representative of situations encountered in 1982 are illustrated

here. The circumstances of these recordings are summarized in Table 2.

Figure 3 presents spectra for noise picked up by a sonobuoy 6 n.mi. (11
km) from the drillship 'Explorer III', which was drilling at the time. There
is 1little in the spectrum to suggest any man-made noise other than the two
small tones between 2500 and 3000 Bz. These spectra represent ambient noise
for the most part. The 10-500 Hz band level is 100.7 dB. Behavior of whales
near this sonobuoy is described in Richardson et al. (1983c).

Figure 4 presents spectra for noise from a sonobuoy drifting near an
area of ice floes off Herschel Island. Ice cover in the area was about 10%.

The noise of ice floes melting is conspicuous when heard in the air from a'
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Table 2. Circumstances of the four recordings of ambient
noise whose spectra appear in Figures 3-6.

Fig. Water Sea Ice
No. Date Location Depth State* Cover
3 31 Aug 70°27'N"° 100 m 2 0%
1982 136°30'W :

4 - 24 Aug 69°35'N 80 0 10
1982 138°34'W

5 18 Aug 69°36'N 120 1 0
1982 138°22'w

6 15 Aug 69"50'N
1982 136°48'W 27 2 0

* 0 = calm, 1 = rippled, 2 = small wavelets, not breaking.

quiet, drifting boat. The tones at 72 Hz (89 dB), 108, 144, and 161 Hz are
from the B-N Islander flying in the vicinity. The 10-500 Hz band level is
97.0 dB. If the three 1-Hz bins including the three prominent tones are
excluded, the 10-500 Hz band level is 95.8 dB.

Figure 5 presents spectra for ambient noise recorded via sonobuoy during
the intervals between the arrivals of seismic survey signals. This segment
of tape was analyzed because a drilling noise playback experiment had just
been completed (Richardson et al. 1983¢c). To prevent'overloading the tape
recorder.by the seismic signals, the record level was set very low; as a
result, the power line hum in the amplifier in the low pass filter appears in
the resulting spectrum, along with two harmonics. These are not components
of the ambient noise. The 10-500 Hz band level is 102.1 dB, or 101.3 4B if

the three tones are excluded.

Figure 6 presents spectra of signals recorded on 'Séquel' 10 n.mi.
(19 km) west of Tarsiut Island. Other than the strength of the possible tone
at 16 Hz (96 dB), most of this noise is probably natural background. The
10-500 Hz band level is 103.5 dB.
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Seismic Survey Signals

During 1982, seismic signals from two sources were recorded; from 'GSI
Mariner', which was using an alrgun array of 1410 cu in, and from 'Arctic

Surveyor', which was using an array of open-bottom gas guns.

*Arctic Surveyor'

We had recorded signals from the sleeve exploders on 'Arctic Surveyor'
- at ranges between 8 and 28 km during 1981 and wanted to extend our knowledge
of the signals to shorter ranges. However, in 1982 the operators (Esso
Resources) had changed to open-bottom gas guns in the expectation of
achieving 507 more source amplitude. During August, she was operating in the
very shallow water (9 m) north of Hooper Island, and on 11 August we recorded
her signals at six ranges from 0.9 to 14.8 km. The sounds of the thrusters
operating when 'Surveyor' moved ahead between stations were clearly audible

when listening to the hydrophone signals.,

Figures 7-9 present the time waveforms and the corresponding spectra for
signals received at six ranges between 0.9 and 14.8 knm. The recelved
spectrum levels shown in these Figures -are meaningful in a relative but not
an absolute sense (see Methods). Figure 8 shows a low frequency 'preéutsor'

that was received at ranges up to 3.7 km but not at longer ranges. This low
frequency component apparently arrived via a sub-bottom path with a higher

velocity than exists for the water path. This bottom path is not manifest in
the waveforms for the 7.4 and 14.8 km ranges shown in Fig. 9. ' Sequel'
followed a track northeast from 'Surveyor' in obtaining these data, and
evidently we crossed a geological discontinuity between the 3.7 and 7.4 km
stations. We were unable to record signals at longer ranges because
"Surveyor®’ stopped operations when a personnel boat came alongside, and later

the sea became too rough for sound recording.

Figure 10 contains spectrograms for the same six signals shown in
Figures 7-9. At the shortest ranges, the received signal was dominated by
low frequency energy (<150 Hz). However, after propagating 1.9 km, higher

frequencies comprised a larger fraction of the remalning energy. Apparently
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the low frequencies attenuated more r&pidly than the higher frequencies. ‘By
7.4 km, virtually all of the remaining energy was at frequencies above 150
Hz, As noted above, at ranges where both the low and the higher frequencies
were evident (1.3-3.7 km), the 1low frequency component arrived first,
probably via a bottom path, However, at 14,8 km, there was some indication
that the earliest-arriving energy was at somewhat higher frequency (200-500
Hz) than the later-arriving energy (130-400 Hz). This downward trend in
- frequency was also noted for signals received at long ranges in 1980-81
(Greene 1982) and is characteristic of propagation in shallow water over

ranges large enough for many reflected sound rays to combine at the receiver.

We converted the peak amplitudes from each of the time waveforms in
Figures 7-9 into dB//1 pPa and fitted various equations for received level
vs. range to the data. Least-squares regression methods were used. We
treated the peak levels as though they were from continuous signals and used
the corresponding rms values for amplitude. This artificiality does not
detract from the potential benefits of finding a model that will reveal
something about transmission loss for such signals in the shallow waters of
the eastern Beaufort Sea. We had done this for the sleeve exploder signals
over ranges from 8 to 28 km in 1981 and found a good fit to an equation with
a spreading loss term of 10 log(R), where R is range in km, and an absorption
loss term of 1.4 dB/km. The water depths for the 1981 data were 25-50 m. In
1982, the depths were only 9-11 m and we expected a greater absorption loss

term to account for the increased effects of the surface and bottom.

Figure 11 shows the levels received in 1982 at six ranges, plus two of
the fitted regression -equations. The dashed curve 1s the result of the
general regression, for which the spreading loss term was 26.6 log(R) and the
absorption éoefficient was 1.55 dB/km. For this equation, the coefficient of
determination was 0.9969; the standard error was 1.5 dB. If we force the
spreading loss term to be 20 log(R), corresponding to sphericai spreading,
then the absorption coefficient becomes 2,09 dB/km, the coefficient of
determination is 0.9812, and the standard error is 1.7 dB. The latter curve
is shown by the solid line in Fig. l1l. We have extended the curves slightly
beyond the raﬁge of the data to span ranges from 0.5 to 25 km.
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The very strong impulsive signal at the source travels non-linearly for
some range until the so—called finite amplitude effects disappear and normal
acoustic propagation begins. There are other difficulties in describing the
signals at short ranges that relate to the interference of surface and bottom
multipaths, Thus, we forced a 10 log(R) spreading loss term into another
regression fit to the three long range data points--those for 3.7, 7.4 and
14,8 km. The result was an absorption coefficient of 2.33 dB/km, coefficient
of determination of 0.9998, and a maximum prediction error of 0;22 dB. This
equation is the one most directly comparable to the 1981 equation, which was
based on data from ranges 8-28 km., The increase in absorption coefficient
from 1.4 dB/km in 1981 to 2.33 dB/km can be explained by the shallower water
in 1982, The result 1is useful in suggesting that cylindrical spreading can
be assumed to occur at ranges beyond as little aé 3 km for such shallow
water. However, it is imperative that an appropriate absorption loss term

also be used.

'GSI Mariner'

In August 1982, this ship was operating in the general area of Herschel
Island and in the Alaskan Beaufort Sea (Richardson et al, 1983a). Her airgun
array contained 27 guns of various sizes from 10 to 100 cu in; total gun
volume was 1410 cu 1in, or .23 L (J. Stone,' GSI, pers. comm. to W.J.

Richardson). The interval between successive shots was typically 13-16 s.
The source level of this array was 38 bar-m, peak to peak (G. Bartlett, GSI,

pers. comm. to W.J.R.), or 246 dB//1 pPa-m.

We recorded signals from 'GSI Mariner' on numerous occasions in 1982,
and some examples of waveforms are presented in Figure 12. The top two
graphs are for signals recorded on 'Sequel'; using our technique of scaling
the peak levels and converting to rms yields signal levels of 119 and 110
dB//1 pPa. The seismic ship was 52 and 75 km away, respectively, on these
two occasions. The lower graphs come from signals received at a sonobuoy .
within 2 km from 'Sequel' on the same two days. As expected from the
sensitivity characteristics of sonobuoys (see Methods), the lower diagrams
emphasize high frequencies. Their peak levels are 128 and 126 dB for ranges
of 54 and 66 km, respectively.
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'Edward O. Vetter'

We recorded seismic signals from the vessel 'Edward O. Vetter' on 5
August 1981. This vessel was using an airgun array with total gun volume
about 2000 cu in, or 33 L (J. Stone and K. Bottomly, GSI, pers. comm. to
W.J.R.). The sonobuoy was about 50 km from the ship. These sounds have not
been reported before, and are of interest because bowhéad whales were seen
near the sonobuoy (Richardson et al., 1983¢c). The sonobuoy was an AN/SSQ-41B
that had been modified so its hydrophone deployed to a depth of only 9 m.
The waveform and spectrum are shown in Figure 13. The waveform graph shows
that the predominant frequencies were higher for the early-arriving than for
the later—arriving part of the pulse, as(@s typical at long range. The

X

received level was 117 dB//1 pPa. {

Carl Savit of Western Geophysical has pointed out .the potential
importance of aspect 1in considering the frequencies received from a
geophysical survey vessel., (Aspect is the angle between the survey ship's
heading and the line from the_éurvey'ship to the receiver.) From the point
of view .of the geophysical survey, energy at frequencies above 125 Hz is
largely 1lost through absorption in the bottom, and therefore does not
figure importantly in the echoes from sub-bottom layers. Thus, survey
sources are designed to concentrate energy at lower frequencies. Arrays of
these sources focus energy downward. However, a receivef in the horizontal
plane may detect higher frequency components, partly because of differences
in the time of arrival of energy from the different guns or other elements in
the array. The time differences in the arrival of the individual source
- signals may be verj short, corresponding to frequencies much higher than 12§
Hz. Thus, even small changes in aspect of the source vessel may resﬁit iJ
marked changes in waveforms and spectral energy content for the received

signals.

Tarsiut Artificial Island

Tarsiut is a caisson-retained artificial island in 23 m of water off the
Mackenzie Delta (Fig. 1). The caissons are constructed of concrete, and the
interior of the island is dredged material. Two wells were drilled from

Tarsiut between late 1981 and early August of 1982.

i



Industrial Noise 246

- T T T T T El T

A4

—.d

VALTS INTHE RECORIER
oo

—.08

R11AO1ARZ33.81, 1014, = AUG &1, SEISMIC SIGNAL

.id

'] 4g 98 LT i85 2y

TIME, MSEC

e

39

n
j28]
w
o =
n
i

40

T T T T

1o B

I/ 7 1UPAXX 2/ HZ

B0

e

40

RECEIVED SPECTRUM LEVEL

- H11RO1RZ33.81, 1014, § RAUGE 81, SEISMIC SIGNRAL

L]

o

B2.5 i25.0 815 2500 3125 315.0 431.5 500.4
FREQUENCY, HZ

FIGURE 13. Waveform and spectrum for a seismic signal received about 50 km
from 'Edward O. Vetter'. The signal was received via a sonobuoy on
5 August 1981. Received spectrum levels are meaningful in a
relative but not an absolute sense.



Industrial Noise 247

'Sequel' travelled to Tarsiut Island twice during  August 1982, but
drilling had been completed before our first visit on 6 August. TFigure 14
presents two pairs of spectra, one for 01:00 MDT on 7 August, when some
industrial source was contributing strong noises to the water, and the second
for 08:40 on the same day. There were always several tugs, supply ships, and
barges at Tarsiut, Our range from Tarsiut itself was l.l km (0.6 n.mi.) at
both times, but the other vessels were at various ranges from l.l to 5.3 km.
The noises for .01:00 MDT were the most intense we recorded at Tarsiut. Water
depth was 21 m. The band level for 10-500 Hz was 133.3 dB and the strong
tones were at 26 Hz (98 dB), 55 Hz (113 dB), 115 Hz (116 dB), and 132 Hz (119
dB). Levels at frequencies from 1000 Hz to at least 8000 Hz were also |
unusually high (cf. Fig., 3-6). The band level for the quieter recording at
08:40 was 126.1 dB//1 pPa in the 10-500 Hz band. Tones at 56 Hz (110 dB) and
251 Hz (110 dB) are especially strong. The small family of tomes including
56 Hz has a 5 Hz spacing. Levels at frequencies above 1000 Hz were not

elevated nearly as much as during the earlier recording.

The second visit by 'Sequel' was at mid-day on 15 August. Pile driving
was occurring on the southeast side of the island during our recording 0.46
km (0.25 n.mi.) WNW of the island, but we never heard sounds suggesting pile
driving. The technique in use involved a vibrator, and the operator said it
was silént. Other vessels were in the vicinity, and the support vessel

'"Norweda' was approaching the island from the east at a range of about 3.7
km., Figure 15 presents spectra for this period. The 10-500 Hz band level

was 118.6 dB, and the levels of the peaks at 91 and 121 Hz were 104 and 112
dB//1 pPa respectively.

For comparison, Figure 6 in the ambient noise section shows the noise
spectrum 18.5 km (10 n.mi.) west of Tarsiut about 3 h later. Levels were
markedly lower than those shown in Figure 15 at all frequencies up to 8000
Hz. The 10-500 Hz band level 18.5 km from Tarsiut was 103.5 dB, or 15 dB
lower than 0.46 lkm from Tarsiut.
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FIGURE 15. Spectra for noise near Tarsiut Island on 15 August 1982. The range
from Tarsiut was 0.46 km (0.25 n.mi.), but several other vessels
were nearby.
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Drillships

Detailed information about drillship noise was obtained in 1981 (Gree;e
1982), and only limited additional information was collected in 1982.
Throughout August 1982, the drillship 'Explorer 1' was operating at a site
about 18 km east of Tarsiut Island in water 17 m deep. 'Explorer 1' was
'logging' on 10 August when we recorded sounds near her. There were other
vessels around, most notably the hopper dredge 'Gateway' underway at ranges
between 1.4 and 6.5 km. Extraneous sounds made recordings at longer ranges
difficult to interpret, but in Figure 16 we present spectra of noise received
170 m (0.09 n.mi.) from the starboard beam. Figure 17 presents corresponding
spectra for range 610 m (0.33 n.mi). For the 0.09 n.mi. range, the 10-500 Hz
band level was 124.9 dB. Strong tones occurred at 88 Hz (112 dB), 211 Hz
(118 dB), 354 Hz (107 dB), and 501 Hz (108 dB). For a range of 0.33 n.mi',
the 10-500 Hz band level was 112.9 dB and the strongest tomne was at 88 Hz
(103 dB).

Figure 3, presented earlier as an example of ambient noise, represents
sounds recorded 11 km from the drillship F‘Explorer III1' while it was
drilling. There was little evidence of drillship noise at either this range
or at another sonobuoy dropped 18.5 km from 'Explorer III' earlier that same
day. The received levels in the 10-500 Hz band were 99.,5-100.7 dB//1 pPa at
11 km and 100.5 dB at 18.5 km. Levels in the 10-1000 Hz band were very
similar: 100-101 dB at 11 km and 101 dB at 18.5 km. No pronounced tones were

detected at either range.
Dredges

In 1980 and 1981 we obtained recordings of sounds from the suction
dredge 'Beaver MacKenzie' and from the hopper dredge 'Geopotes X' underway
and loaded. We have since learmned that a damaged propeller was found on
'Geopotes X' during her spring readiness inspection for 1982, and perhaps the
high noise levels observed in 1981 were the result of that (J.G. Ward, Dome

Petroleum, pers., comm). In 1982 we recorded sounds from hopper dredges
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Figure 18 presents spectra for the hopper dredge 'Gateway' underway
empty at a range of 1.06 km (0.57 n.mi.) on 11 Aug. The 10-500 Hz band level
was 129.2 dB and the level of the strongest tone, at 209 Hz, was 120 dB.
Shortly before, }Gateway' had been dumping her load at the Kadluk island
construction site in 12 m of water (Fig. 1). Kadluk is 10.2 km from
'Explorer I' and 15.3 km from Tarsiut Island. The corresponding spectra
appear on the left side of Figure 19. At the 1.5 km (0.8 n.mi.) range, the
band level from 10-500 Hz was 129.4 dB. The 209 Hz tone was less prominent
during the dumping phase. While dumping, 'Gateway' travelled ahead very
slowly if at all. A short time later, when the dumping'appeared to have
stopped, the spectra were as shown in the right half of Figure 19; the 10-500
Hz band level had decreased to 119.7 dB. The range at this time had
decreased only slightly. During the dumping period the support vessel
'Arctic Ublereak' was alongside 'Gateway' to provide accurate position fixes

to assure that the dredge load was dropped at the desired location.

Figure 20 contains Specira for 'Geopotes X' picking up a load at a range
' of 0.43 km (0.23 n.mi.). The 10-500 Hz band level was 141.4 dB. Compared to
the spectrum of the same ship underway in 1981 at similar range, 0.46 km
(Greené 1982, p. 297), the peak level at about 80 Hz is 6 dB lower here.
However, the level of the tone at about 400 Hz is 8 dB higher in 1982. We
did not compute band levels in analyzing 'Geopotes X' signals in 1981, but it

appears. from comparing spectra that the 'underway loaded' condition is
slightly noisier than the dredging condition. '

To facilitate comparison of dredge sounds, we have converted the
received levels in the 10-500 Hz band to the expected levels at a range of 1
km (Table 3). This conversion assumes that propagation is cylindrical,
(10 log R), with an additional linear absorption term of 1.5 (R). The exact
coefficients are not critical because all of the sounds compared were
recorded at a rather narrow range of distances, 0.43-1.5 km, "It appears that
"Gateway' produced similar noise levels while dumping and travelling empty.
In comparison to these values, 'Geopotes X' engaged in dredging produced
somewhat more noise, and she probably produced even more noise when

travelling.
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¢

Table 3. Noise 1levels in the 10-500 Hz band from the hopper dredges
'Gateway' and 'Geopotes X', August 1982. :

Band level, 10-500 Hz, dB//l pPa

Range of
Recording Estimated for
(km) As Received Range 1 km¥*
'Gateway' underway empty 1.06 129.2 130
'Gateway' dumping 1.5 129.4 132
'Gateway', end of dumping 1.5 119.7 A 122
'Geopotes X', dredging 0.43 141.4 : 137

* Assuming that propagation losses are/}O log(R) + 1.5(R).
Boats

Aside from the measurements of dredge and drillship noise reported
above, the MV 'Sequel' was the only vessel whose noise was studied in.1982.
'Sequel' is the 12,5-m diesel-powered fishing boat used in support of our
work in 1981 and 1982. See Greene (1982, p. 283) for additional information

about this vessel,

Figure 21 shows spectra for noise from 'Sequel' as she approached a
sonobuoy at range approximately 100 m and speed 8 km/h on 16 August 1982.
The 10-500 Hz band level was 107.5 dB//1 pPa. The level of the tone at 33 Hz
was 101.7 dB, and the level for the tone at 955 Hz was 89.4 dB.

Noise from 'Sequel' ‘was also recorded as she moved away from the
sonobuoy at 13 km/h during a boat disturbance experiment on 16 August 1982.
The overall level in the 10-500 Hz bénd was 103 dB//1 pPa when 'Sequel' was
about 2 km away.
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Aircraft

We did not obtain additional sound measurement data from aircraft
flyovers at various altitudes in 1982, However, we did analyze the sonobuoy
signals recorded on several occasions when the observation aircraft, the same
B-N Islander used in 1980-81, flew over the buoy. Figure 22 presents spectra
for one instance when the Islander flew over at 457 m (1500 ft) a.s.l. The
band level for 20-2000 Hz was 110.3 dB. The spectrum for the 20-1000 Hz band
looks very similar to the spectrum for a previous measurement of noise from
the same aircraft in 1980 (Greene 1982, p. 303A). However, the 1980 spectrﬁm
was based on an 8 s portion of a flyover at 305 m a.s.l., whereas the top
graph in Figure 22 is based on a 4 s portion of -a flyover at 457 m. . For
Figure 22, water depth was about 300 m; sea state was Bfl.

Sounds During Playback'Experiﬁents

Three playback experiments 1nvolved transmitting drillship sounds
underwater in the presence of bowhead whales. Only in the test of 18 August
did we achieve the full output level of the J-11 projector. The spectra in
Figure 23 were computed from the sonobuoy signals received about 2 km from
the projector on that date. The measured source level at the J-ll was
164 dB//1 pPa-m, and the 10-500 Hz band level received 2 km away at the

sonobuoy was 109.2 dB. The received level of the 275 Hz tone was 103 dB.
Based on our received level vs. range data for drillship noise (Greene 1982,

P. 326), 103 dB is the expected received level for this tone at a range of ‘7
km. Thus, the source level of the projector while broadcasting drillship
sound (164 dB) was apparently less than that of the actual drillship. This
assumes that propagation conditions were the same as those in 1981 when the
drillship signals were recorded. Actually, conditions should have been

somewhat better at the site of the 1982 tests because of the deeper water.

The shape of the spectrum as received 2 km from the projector (Fig. 23)
compares well with the spectrum of the taped sounds being broadcast. The
latter is shown in Greene (1982, p. 323). The finer detail evident in Fig.
23 is attributable to a difference in resolution; it was 3.4 Hz in Greene
(1982, p. 323) and 1.7 Hz in Figure 23 here.
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The other two playback experiments were conducted in the same generél
area on 16 and 19 August 1982, Richardson et al. (1983c) describe the
circumstances. That section of the report also gives further information
about projector source level, received level at range 1.5-2 km, and ambient

noilse level before and after each playback.
DISCUSSION

The 1982 effort has led to an extension of the results from the 1980-81
efforts. We recorded seismic survey signals from ranges of 0.9-14.8 kﬁ,
compared to 8-29 km'previOusly. We recorded sounds from an artificial island
(Tarsiut) and from hopper dredges dumping and dredging loads. Also for the
first time, we projected previously recorded sounds (of a drillship) in
playback experiments to observe bowhead behavioral responses. Our recording
and analysis methods were basically the same as used in the 1981 effort. One
important change was the use of an additional hydrophone in the boat
system——a low frequency hydrophone with especially low self noise for use at
frequencies up to 1000 Hz. Another change was an increase in the spectrum
analysis resolution for the frequency bands from 10-500 and 500-1000 Hi.
Resolution 1in 1982 was 1.7 Hz, as compared with the 3.4 Hz used previously.
In addition, broadband levels for 10-500 Hz and certain other bands were
calculéted in 1982 for the first time in the project. These changes were
enhancements'and did not detract from our ability to compare results from the

different years.,

The short range seismic signals came from 'Arctic Surveyor', the same
survey ship measured in 1981, In 1982, however, she was operating in
shallower water (9 m vs. 25-50 m in 1981) and was using open—bottom gas guns
rather than sleeve exploders. The new sources were expected to yield 50%
more source level;, but we do not have specific information about the source

level of either the sleeve exploders or the gas guns.

The 1982 results showed that low frequency energy (below 100 Hz)
predominated at ranges from 0.9 to 1.9 km, was about equal with higher
frequency energy at 3.7 km, and that frequencies from 170 to 400 Hz
predominated at 7.4 and 14.8 km, the longest ranges for which data were
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avallable. In fact, at 14.8 km the lowest frequency with dominant energy was
240 Hz.

As noted earlier, our results may have been confounded by the presence
of an important geological discontinuity separating the ranges up to and
including 3.7 km from the 7.4 and 14.8 km ranges. The signals from 1.9 and
3.7 km showed a precursor of low frequency energy arriving in advance of the
higher frequency energy; we attribute this to a sub-bottom path with a higher
velocity than the water path. The water path, being shallow, is expected to
attenuate low frequencies rapidly with increasing range. Based on the
measurements from 1,9 and 3.7 km, one would expect the low frequency
precursor at 7.4 and 14.8 km to arrive even further in advance of the higher
frequency, waterborne energy. However, the precursor was not detected at all
at 7.4 and 14.8 km. The geological discontinuity is said to run northward at
about 135°W longitude, and our line of receiving stations ran northeast from
'Surveyor', crossing 135°W. The results might'have been different if we had

run our receiving line northwestward.

From experience, exploration geophysicists know that signal energy at
frequencies above about 120 Hz is wasted in reflection surveys, and they
design their sources to ensure that most of their energy is below that
frequency. On the other hand, we have detected energy at higher

frequencies——~up to 400 Hz--and during our long range measurements before 1982
we detected little energy below 100 Hz. Our 1982 data from shorter ranges

show that, at close range, the bulk of energy propagating horizontally is
below 100 Hz, as expected from the design of the sources. At longer ranges,
especially beyond about 7 km, the low frequency energy has been severely
attenuated by the medium. The high frequency energy, which is relatively
weak at the source, has not been so severely attenuated and is received at

high levels with respect to the background at ranges of at least 15 km.

It is important to note that the 1982 seismic survey signals discussed
above were recorded in water only 9-11 m deep while the 1981 signals came
from watér 25-50 m deep. For the ranges that overlapped, the 1981 signals
were stronger, even though the source level was supposedly greater in 1982.

This illustrates the importance of water depth in determining received . sound



Industrial Noise 264

levels. It also suggests that the 'zone of noise influence' around a
geophysical survey vessel may be expected to increase in radius as wat%r

depth increases.

The importance of water depth in determining zone of influence 1is
further illustrated by our measurements of noise from the airgun array on
'GSI Mariner', which was operating in deeper water (about 100 m). On one
occasion, we detected signals with level 110 dB at a range of 75 km. On
another, we recorded signals with level 128 dB at a range of 54 km. In
contrast, signals from ‘Arctic Surveyor' in 9-11 m of water would be expected

to attenuate to 110 dB at about 20 km range.

We have used the peak sound pressure levels, converted to effective rms
levels, to characterize seismic survey signals at different ranges. We
suspect that peak pressure 1s a reasonable parameter to study when
considering the influence of an impulsive sound on bowheads. The frequency
distribution of the signals 1is also important and we have presented signal
spectra to show the relative concentrations of enérgy versus frequency for
each range. Other investigators are studying seismic survey signals in
connection with studies of marine mammal behavior and, for comparability of
results, 1t will be important to agree on standardized measurement

procedures.

In the case of the sounds from the Tarsiut artificial island, the
significant observation is that a wide variety of sounds and sound levels can
be exﬁected. There was always an assortment of vessels around the islandi
and it was not possible to separate vessel sounds from island sounds.
Speculatively, it seems possible that the dominant waterborne sounds came

from vessels and not the island.

It should be noted that our recordings at Tarsiut were obtained after
drilling had ended. There are no known recordings of drilling sounds from

islands in open water.

" The hopper dredge ‘Geopotes X' dredging up a load made sounds comparable
in level to those observed while the same vessel was underway loaded.

Similarly, the hopper dredge 'Gateway' dumping her load made sounds
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comparable in 1level to those observed while she was underway empty.
'Gateway' was quieter than 'Geopotes X', but both hopper dredges were noisier
than the suction dredge 'Beaver MacKenzie' dredging while at anchor at an

island site.

Figure 24 presents a summary graph of received levels vs. range for .
industrial sources measured in the Beaufort Sea during August 1981-82. The
dashed lines near the top are included to show the attenuation slopes for
cylindrical spreading (10 log R) and spherical spreading (20 log R). The
solid lines without data'points represent regression models derived from the
‘data., Greater attenuation with increasing range can be seen for éhallower
water by comparing the curves for seismic signals in 1981 and 1982 (shallower
water in 1982), The 1981 data for 'Geopotes X' underway loaded may have been
unusually elevated because of a damaged propeller. The points plotted for
'Gateway', Tarsiut island, and 'Geopotes X' in 1982 are 10-500 Hz band levels
which include tonal powers in that band; the 1981 curves for the suction
dredge, drillship, and 'Geopotes X' underway are only for the strongest tone
present. The variable levels near Tarsiut artificial island are illustrated
by the lower (118.6 dB) 10-500 Hz level measured at 0.46 km on 15 August as
compared to the range of levels (126.1-133.3 dB) measured at l.l km on 6
August, From Figure 24, it is obvious that seismic signals are by far the
strongest sounds introduced into the Beaufort Sea by the kinds of industrial

activities that we have studied.

The 'Drillship, 278 Hz' curve in Figure 24 represents Explorer II whilé
she was drilling. The strongest tones recorded at drillship Explorer I
during logging were on the order of 20 dB below the strongest tones from
Explorer II during drilling at comparable ranges. The drilling noises from
Explorer III at ranges of 11 and 18.5 km were below the ambient, which is

consistent with the attenuation trend measured for Explorer II drilling.

Hopper dredges, capable of taking up a load from the bottom at one place
and carrying it to another place for dumping, appear among the stronger
sources of industrial noise as shown in Figure 24. Dredge 'Geopotes X' both
underway and dredging was noisier than other vessels measured, while dredge

'Gateway' produced slightly weaker sounds underway and dumping.
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Moét of the enefgy in the various industrial sounds that we have
recorded in the eastern Beaufort Sea is at frequencies below a few hundred
Hertz. Most bowhead calls are also predominantly in thié frequency range
(Ljungblad et al, 1982; Wirsig et al. 1982). Although ‘the . auditory
sensitivity of bowheads has not been studied, we assume that they can detect
low frequency sounds, including both their own calls and various industrial
sounds. The possible effects of industrial noise on bowheads include both
disturbance and masking of other sounds (e.g., masking of calls from distant
bowheads) . These possibilities, and the potential consequences, are
discussed in the 'Disturbance' section of this report (Richardson et al.

1983¢c) and, more comprehensively, in Richardson et al. (1983b).
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ABSTRACT

A pfeceding section on 'Disturbance Responses of Bowheads' examined
short-term behavioral responses of summering bowheads to activities
associated with offshore oil exploration. However, the behavioral approach
cannot détermine whether these activities result in long-term displacement.
This secéion reviews the distribution of bowheads summering in the eastern
Beaufort - Sea in recent years and discusses whether there have been any

distributional changes attributable to 0il exploration.

Methods. -- Detailed data on bowhead distribution in most of the
Canadian Beaufort Sea have been. collected only since 1980, and only from late
July or early August to mid September. Sightings during the various studies
conducteq within this period aré compiled here onto a series of maps, one or
two per 10-d period. %urvey routes are also shown on these maps. Previously
unreported distributional data from this and other LGL studies in 1980-82 are
included, along with results compiled from all available reports by ourselves

and others.

Industrial activities are also mapped. For each 10-d period, we
include one map showing the sites of offshore drilling, dredging, etc., along
with theiapprOXimate number of boat trips along each route. Another map for
each 10-d period shows seismic lines shot during the period, plus locations
of low—energy sounding. A third type of map shows helicopter traffic and ice
conditions during the 1-10 and 22-31 August periods. We use the phrase 'main
industrial area' to refer to the region off the Mackenzie Delta where there
is island construction, drilling, dredging and intensive support traffic via.

boat and helicopter.

In 1980, bowheads were more numerous close to shore than in the
subsequent two years. Around 2 August, many moved into shallow waters off
the central Mackenzie Delta, the main industrial area. Some were wiﬁhin 5 km
from the island construction operation at Issungnak. Whales were scarce
farther eést off the Tuktoyaktuk (Tuk) Peninsula in early August, but moved
into that area of lesser industrial activity in mid August. By late August,

very large numbers were widely distributed off the Tuk Peninsula, many in
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water <20 m deep. Numbers off the Delta were somewhat reduced, but still
high. Previous to late August, there was no survey coverage west of the
Delta; in late August at least a few whales were present north of Herschel
Island. In early September, fewer whales were found off the Tuk Peninsula,
and they were farther offshore. Numbers off the Delta were much reduced, but
whales were seen regularly near Herschel Island. Bowheads were first seen in

Alaskan waters on 4 September.

In 1981, survey coverage was more comprehensive and most bowheads
remained farther offshore. 1In late July, most were either far offshore in
pack ice or in Amundsen Gulf. In early August many moved south onto the
outer continental shelf off the Mackenzie Delta, with lesser numbers off the
Tuk Peninsula. None were seen near Issungnak where whales were abundant in
early August 1980. In mid August the whales were more evenly distributed
from Herschel Island to Cape Bathurst, mainly in waters >50 m deep, but there
was a concentration in shallower water off the central Delta. Some of the
latter animals were <10 km from an artificial island and drillship. 1In early
September, most bowheads were still in Canadian waters, with many off the Tuk
Peninsula and Herschel Island and lower densities elsewhere. The first

sighting in Alaskan waters was on 7 September.

In 1982, most bowheads were far enough offshore or west to be outside

the main industrial area. In early August, the only sightings in the
Canadian Beaufort Sea were on the outer shelf off the western Delta and

Yukon, and many were moving west. Some bowheads were seen in the Alaskan
Beaufort as early as early August. In mid August, there was a major
concentration near Herschel Island, with low densities off the Delta and Tuk
Peninsula. In late August, many bowheads remained off Herschel Island;
others were along the shelf break off the western Delta and on the outer
shelf off the eastern Tuk Peninsula. In early September, many were still near
Herschel Island, with a few on the outer shelf off the Delta and Tuk

Peninsula.

Discussion. -- Most of the Canadian Beaufort Sea was not surveyed for
bowheads before 1980. However, a longer series of data is available for the

area of most intense industrial activity off the eastern Mackenzie Delta.
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Island construction and traffic to drillships farther north have occurred off
" the Delta each summer since 1976, and seismic exploration since 1971. 1In
1976 and 1977, many bowheads entered shallow waters off the Delta in early
August. They did not do so in 1978 or 1979. Many whales occurred off the
eastern part of the Delta in 1980, but few were there in 1981 and almost none
in 1982, Given the reappearance of many whales off the Delta in 1980, there
is no clear trend for decreasing numbers in that small area. For other parts
of the Canadian Beaufort Sea, the lack of data from years before 1980 makes

it impossible to assess whether the 1981 and 1982 distributions were unusual.

In 1980, 1981 and 1982, seismid exploration occurred over much of the
Canadian Beaufort Sea —-- both within and beyond the main industrial area.
Numerous bowheads were in areas ensonified by seismic noise in 1981 and 1982

as well as in 1980.

Whether or not industrial activities affect bowhead distribution in
summer, bowhead movements probably depend strongly on the distribution and
abundance of zooplankton. Factors affecting zooplankton in the eastern -
Beaufort Sea are poorly known, but probably include the variable volume and
movement of fresh water from the MackenzielRiver, and hydrographic phenomena
at the shelf break and the ice edge. The variable distribution of ice
probably also has direct effects on whale distribution.
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INTRODUCTION

The primary focus of the study reported in this volume has been the
short-term behavioral reactions of bowheads to actual and simulated
industrial activities. Behavioral responses are studied primarily because a
positive response provides an immediate indication that the whales may be
sensitiﬁe to the industrial activity. We have studied the behavior of
bowheads in the presence of boats, aircraft, seismic exploration, drillships
and dredging (Fraker et al. 1982; Richardson et al. 1983b).

The long term reactions of the bowhead population to offshore industrial
activity are ultimately of greater concern than are short term behavioral
responses. Long term reactions might, in theory, include such interrelated
factors as increased stress, reduced overall food intake during the summer
feeding season, reduced reproductive success or survival rate, and
displacement from parts of the traditional range. All of these medium to
long term effects are difficult to detect. Even if detected it would be
" difficult to determine whether they were attributable to industrial activity

rather than to some form of natural variation.

The one type of long term effect on bowheads that might be detectable
from data now being collected is displacement from parts of the traditional

range. Gray whales were apparently displaced from at least one of their
wintering lagoons when ship traffic and other human activities intensified,

and returned years later when ship traffic decreased (Reeves 1977). In other
cases, suggested displacements of baleen whales by prolonged human activities
have not been demonstrated convincingly (reviewed by Richardson et al.
1983a) . These possible cases include other gray whale wintering areas and
migration routes (Rice 1965; Rice and Wolman 1971; Wolfson 1977; Dohl and
Guess 1979), humpback whale wintering and feeding areas (Norris and Reeves
1978; Jurasz and Jurasz 1979; MMC 1979/80), and whales in areas of heavy ship
traffic off Japan (Nishiwaki and Sasao 1977). Most of these data are
equivocal regarding whether whales are displaced by industrial activities.
However, it is clear that they often return each year to areas where they

have been hunted from ships or exposed to heavy vessel traffic.
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Aerial surveys provide the type of comprehensive information about
bowhead diétribution that can be used in detecting changes in distribution.
This technique has been used extensively to detect seasonal changes in
distribution during migration around Alaska and during the summer in the
Canadian Beaufort Sea. If continued over a period of years, aerial surveys

could show whether long term changes in distribution had occurred.

Comprehensive aerial surveys have been done in Alaskan waters during the
spring and fall migration seasons in 1979 (Ljungblad et al. 1980), 1980
(Ljungblad 1981), 1981 (Ljungblad et al. 1982) and 1982 (Ljungblad pers.
comm.). The, National Marine Fisheries Service conducted aerial surveys in
some earlier years. These results provide valuable background data from
years before there was much offshore oil exploration, aside from geophysical

exploration, in the Alaskan Beaufort Sea.

In the eastern Beaufort Sea where the Western Arctic stock of bowheads
spend the summer, systematic aerial surveys for bowheads did not begin until
1980. Before 1980, the only available data on summer distribution were from
logbooks of commercial whalers who operated in the area at the start of this
century, and incidental sightings by scientists and industry personnel
engaged in offshore work (Fraker 1979; Fraker and Bockstoce 1980). These
records suggested that most bowheads spend the early summer in Amundsen Gulf
and the extreme eastern part of the Canadian Beaufort Sea--east of the area
of offshore o0il exploration (Fig. 1)--and then move westward off‘ the
Tuktoyaktuk Peninsula, Mackenzie Delta and Yukon coast in August and

September.

By 1980, when systemafic aerial surveys and other studies of bowheads in
their summering areas began, full-scale offshore o0il exploration had been
underway for some years. Drilling from artificial.islands in very ‘shallow
neérshore waters began in the early 1970's, and 'drillships began to work
farther offshore in 1976. Systematic aerial surveys have continued on a
larger scale in the summers of 1981 and 1982. The three summers of Surveys
have shown that many bowheads sometimes OECur in the areas of most intense
industrial activity. However, they have also shown that, at other times

during the summer, bowheads are very scarce in the industrial area.
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Furthermore, there are major year to year differences in distribution at

particular times during the summer.

To date, there has been no overall compilation or analysis of  the
distribution of summering bowheads in relation to the distribution of
industrial activities in the eastern Beaufort Sea. The reports of individual
studies done in 1980-82 sometimes comment on similarities and differences in
bowhead distribution relative to previous studies, and on the presence or
absence of whales near industrial activities, but this information has not
been drawn together in a systematic way. Furthermore, the distributional
data collected incidental to behavioral studies during the present project

have not been reported previously.

It may be too early to detect whether long term changes in summer
distribution of bowheads have occurred recently, given the scarcity of data
from years before 1980 and particularly from years before offshore oil
exploration began. . However, the data for 1980-82 should be useful as a basis
for formulating hypotheses and designing studies about factors affecting
bowhead distribution. . The data should also be useful as a basis for
comparison in the future even if no definite conclusions about industrial
effects éan be drawn now. Many of the data concerning both whale' distribu-
tion and industrial activity are unpublished and increasingly difficult to

locate as time passes. Hence, they should be compiled now 1if they are ever
to be compiled.

The objectives of this report are twofold: (1) Draw together in a
standardized way the avallable published and unpublished information about
bowhead distribution and industrial activities in the eastern Beaufort Sea
during the summers of 1980 to 1982. (2) Assess whether there are any
consistent trends in the summer distribution of bowheads during this period,

and whether any such trends can be related to industrial activities.

Our approach has been to compile the available data into a series of
maps for each 1/3 month period within each of the three years studied. The
maps cover the area from the Alaska-Yukon border eastward beyond Cape

Bathurst, and from the shore north beyond the edge of the continental shelf
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to about 72°N. The area of offshore o0il exploration is on the continental
shelf in the center of the mapped area (Fig. 1). These maps are supplemented
with explanatory text. After the available data are presented in the above

format, we discuss the general trends that emerge from the data.

Several different types of maps are used. For each 1/3 month period,
one map shows the sightings of bowheads during the various aerial survey
projects, and includes information about the areas that were and were not
surveyed. Another map shows the locations where seismic surveys were
conducted. A third map shows the locations of offshore industrial aétivities
such as_drilling or dredging, and indicates the routes travelled by vessels
during that period. A fourth map showing helicopter routes and ice
conditions was prepared for each 1/3 month period, but only about half of
these maps are included here. For certain periods, we include additional

maps showing bowhead sightings during systematic aerial surveys.

The results of this analysis can be understood from the maps and
accompanying text in the 'Results' section without reading the following
'Methods and Data Sources' section. However, the Methods section does
document the sources and limitations of the data, and the conventions that

were used in compiling the information.
METHODS AND DATA SOURCES

Information about bowhead distribution in the eastern Beaufort Sea is

avéilable from early August to early September 1980, late July to early
September 1981, and early August to early September 1982. Hence, we include
maps for four 1/3 month periods in 1980, five periods in 1981, and four
periods in 1982. The periods were chosen arbitrarily as being days 1-10,
11-21, and 22-31 of the month. We have not attempted to compile information
about industrial activities during the early summer and the autumn periods
for which there was little information about bowheads. However, bowheads are
infrequent in the area of intense industrial activity off the Mackenzie Delta
before late July and after early September (Fraker and Bockstoce 1980; this

report) .
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Bowhead Sightings

For each 10 or 11 day period (hereafter referred to as 10-d period), we
present one or two maps showing all aerial survey routes and bowhead

sightings known to us.

Data Sources, 1980. -- The only systematic, repeated. aerial surveys in
1980 were a series of three surveys off the Tuktoyaktuk Peninsula (Renaud and
Davis 1981) and seven surveys of a small area around Issungnak artificial
island off the Mackenzie Delta (Norton Fraker and Fraker 1981; Fraker et al.
1982). The former three surveys were funded by Dome and Gulf, and were
conducted on 6-7 August, 21-24 August, and 3-4 September. Each survey
consisted of a series of north-south flight lines spaced 8 km apart and
extending from near the shore out to the 50-m depth contour. The seven
surveys over the shallow waters around Issungnak were funded either by Esso
or by the U.S. Bureau of Land Management as part of the present project.
They were conducted between 24 July and 22 August. The area covered was much.
smaller, but the flight lines were closer together (3.2 km) to provide
intensive coverage. Details are given in the original reports.

Additional aerial surveys in the eastern Beaufort Sea in 1980 were
reported by Hobbs and Goebel (1982) and Ljungblad (1981).  Hobbs was
attempting to place radio transmitters on summering bowheads, and Ljungblad
flew aerial surveys in support of Hobbs. = Some of their flights extended
seaward to or beyond the edge of the continental shelf, although most were
closer to shore. In cases where the routes mapped in the two reports
differed slightly, we used the route shown by Hobbs and Goebel. It was
generally not evident from their reports how many whales were seen at each
sighting location, so special symbols for 'unknown number' have been used on
our maps.

Flight routes and sightings of bowheads were also recorded during our
study of bowhead behavior and disturbance in 1980. This information has not

been reported previously. The data span the period 3-31 August. The general
procedures, although not the flight lines or sighting locations, are given in
Richardson (ed., 1982). Because many bowheads were found in shallow water
close to shore, these flights were restricted to the inner half of the
continental shelf.

Data Sources, 198l. -- Four extensive, systematic surveys of the eastern
Beaufort Sea were conducted in late July, mid and late August, and early
September (Davis et al. 1982). This work was funded by many companies in the
Al askan and Canadian 0il industry (organized by Sohio Alaska and Dome), plus
the State of Alaska. These surveys were planned to extend from the
Al aska=-Yukon border east through Amundsen Gulf, and from the shore north to
the deep waters beyond the shelf. During each survey, some parts of the area
could not be covered because of poor weather, but extensive coverage was
obtained in each period. Flight lines were oriented north—-south, nominally
at either 16 or 8 km intervals. We have re-mapped the results. for the
eastern Beaufort Sea, excluding Amundsen Gulf, using the same format as for
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all other sightings. For clarity, the results of these four systematic
surveys are on maps separate from those summarizing other 1981 results.

Much additional survey coverage was obtained from late July through
early September 1981 as a result of three projects: :

(1) Davis et al. (1982) conducted a number of reconnaissance,
behavioral observation, and whale photography flights in addition to their
systematic surveys. Only a few of the resulting data were included in their
report, but all have been included here.

(2) During the study of whale behavior and disturbance for BLM, we
recorded our flight routes and sightings. The flights were more extensive in
1981 than in 1980 because whales were not as accessible close to shore. At
various times from 27 July to 8 September, we covered areas from the shore to
beyond the edge of the continental shelf, and from west of Herschel Island to
Cape Bathurst. The routes and sightings are mapped here for the*first time;
general information about the procedures appears in Richardson (ed., 1982),

(3) Ljungblad et al. (1982) surveyed primarily in Alaskan waters during
the summer of 1981. However, on 15, 17 and 19 August and several occasions
in September, their flights extended east into the Canadian Beaufort Sea,
sometimes as far as the Mackenzie Delta. We have included their flight
routes and sightings on our maps for mid August and early September.

Data Sources, 1982. =- In 1982, the available data came from extensive
non-systematic surveys during the present behavior study and during the whale
photography study of Davis et al. (1983), from two systematic surveys by
Harwood and Ford (1983), and from surveys in the western part of the Canadian
Beaufort Sea by Ljungblad et al. (in prep.).

During the behavior study, we again covered areas from the shore north
to beyond the continental shelf, and from west of Herschel Island to east of
Cape Bathurst. Flights spanned the period 1 to 31 August. General
procedures are given elsewhere 1in this volume by Wiirsig et al. (1983) and
Richardson et al. (1983b); flight routes and sighting locations are mapped
here. On behalf of the U.S. National Marine Fisheries Service, Davis et al.
(1983) covered much of the same area on 12 August-5 September 1982 while
searching for whales to be measured and identified by photogrammetry. Their
routes and sightings are all mapped here, in combination with those from the
behavior study.

Ljungblad et al. (in prep.) conducted surveys near the western edge of
our study area (mainly west of Herschel Island) on various dates from 2
August until 14 October. We have included their flight lines and bowhead
sightings on our maps for the 1 August to 10 September period.

With funding from Dome and Gulf, Harwood and Ford (1983) conducted two
extensive, systematic surveys of the eastern Beaufort Sea on 18-24 August and
5-13 September 1982. They flew north-south lines, generally spaced 16 km
apart, from west of Herschel Island to the eastern end of the Tuktoyaktuk
Peninsula. The lines extended from near shore to the 100 m contour or
beyond. We have re-mapped  their results into our standard format. For
clarity, we present their results on maps separate from those showing results
of the other studies.
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Procedures for Compiling Data. —- All of the aircraft used for the
surveys had accurate Very Low Frequency (VLF) navigation systems. With very
few exceptions, the flight routes and sighting locations were precisely
known. Because many of the flights were not systematic surveys with defined
transect widths, we have mapped all sightings, whether or not they were
classified as on—- or off-transect in the original reports.

The exact number of whales seen at each location could not be shown in
compact format. Instead, symbols of progressively increasing prominence are
used to show sightings of 1-3, 4-7, 8-15, 16-30 or 31-80 bowheads. When two
or more sightings within a 10-d period were so close together that their
symbols overlapped broadly, they are shown as a single symbol.

On the main map for each 10-d period, we have used a format that
distinguishes sightings and routes during the first 5 days from those during
the next 5 or 6 days. Triangular symbols and dashed lines are used for days
- 1-5; circles and solid lines are used for days 6-10 or 6-11. This level of
detail is rarely needed for the broad-scale interpretations in this report.
However, it may be useful for other purposes. Surveys conducted on 12-16

September 1980 and 12 September 1981 are included on the early September maps
for those years; flight routes are shown as dotted lines. ‘

In some 10-d periods, there was so much aerial survey activity within
certain areas that it was impractical to show every flight 1line. These
'intensive coverage areas' are demarcated with a heavy line; within these
areas only the bowhead sightings, not the flight routes, are shown. = In some
cases, systematic survey coverage within an 'intensive coverage area' is

shown in a separate inset map.

The maps based on non-systematic surveys provide only a qualitative
indication of the relative abundance o6f bowheads in different areas, and

therefore must be interpreted with caution. Survey procedures differed

between projects, and detectability of whales was better during some flights
than others. Survey effort in different parts of the study area ranged from
nil to intensive, and non-systematic surveys tended to be concentrated in
areas with many bowheads. Some whales were undoubtedly counted more than
once in a 10-d period, especially in areas where there was much survey

coverage.

.Seismic Exploration and Sounding

Seismic exploration has occurred in the Canadian Beaufort Sea most if
not all summers since the 1960's. Seismic exploration via high~energy
techniques produces by far the most intense underwater sounds of any normal
offshore activities of the oil industry (Greene 1982, 1983). Hence, we

present a series of maps dealing specifically with locations of seismic
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exploration and sounding, a related activity. There is one map for each 10-d
period during 1980-82. Solid lines depict geophysical surveys shot by two
vessels using large arrays of airguns -- the 'GSI Mariner' and, in 1981, the
'Edward O. Vetter'. Dashed lines depict surveys by the 'Arctic Surveyor', a
vessel with an array of 12 large sleeve exploders (1980-81) or open—bottom

gas guns (1982).

The exact locations of the seismic lines and the dates on which they
were shot were kindly provided by Geophysical Service Inc., Dome Petroleum
Ltd., and Esso Resources Canada Ltd., all of Calgary. Supplementary
information was obtained from our records of the locations and dates in
1980-82 when seismic vessels were seen at sea during the behavior study.
Some information about locations of seismic exploration 1is considered
proprietary by the companies involved. We know that some additional lines
besides those on our maps were shot, but we do not know the specific

locations.

Detailed information about the sounds produced by the three vessels
mentioned above appears in Greene (1982, 1983). The 'Mariner' uses a 1410 cu
in airgun array with source level 246 dB//1 pPa at 1 m. The 'Vetter', a
larger ship, uses a 2000 cu in array. These vessels normally travel
continuously along the survey line at 4 or 5 knots, firing the airguns every
12-16 seconds. The 'Arctic Surveyor' fires several shots at one location
at 6-10 s intervals, and then moves a few tens of metres ahead before firing
thé next series of shots. In this 'stop and go' mode, the 'Arctic Surveyor'
progresses along the survey line at a much slower rate than does a ship

operating in a continuous tow mode.

In 1982, the 'Cammar Teal' used a smaller array of airguns to conduct
high resolution seismic surveys within several small areas off the Mackenzie
Delta. She used an array of three airguns with total volume 300 cu in. Most
of the areas she surveyed were 3 km x 3 km in size, and the shot lines were
spaced 200 m apart in one direction and 400 m apart in the other (F.J. Quinn,
Geoterrex Ltd., pers. comm.). The source level of the array was reportedly 6
to 7 bar-m, zero to peak, or about 236 dB//1 pPa at 1 m. Grids shot by
fCanmar Teal' in 1982 are shaded on the maps, and additional single lines of
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shots are dotted. The information about shooting locations was provided by

Dome, Gulf and Geoterrex.

Numerous vessels used a variety of lower—energy sounding techniques
and/or coring to assess water depths and bottom conditions, search for gravel
deposits, etc. Dome, Esso and Gulf provided information about some of the
locations where the 'Arctic Sounder', 'Betty Coulter', 'Canmar Teal, 'Canmar
Widgeon', 'Frank Broderick', 'J. Mattson', 'Mary B IV', 'Mary B VI',
'Norweta', and 'Ublureak' conducted such surveys during one or both of
1981-82. No information about sounding was available for 1980. The Canadian
Hydrographic Service, Institute of Ocean Sciences, proQided information about
locations where the 'CSS Hudson' used small airguns (5 or 10 cu in) in 1981.
Sounding areas that were smaller than 1 km x 1 km are mapped as open dots.
Sounding locations of larger dimensions are shown as lightly shaded areas or
as lines of widely spaced .dots. Our information about these low-energy
activities is incomplete. On the other hand, some cases recorded as
'sounding' were probably coring, and it would have been more appropriate to

map those on the 'vessel traffic' maps rather than on the 'seismic and
P _ p

sounding' maps.

Offshore Industrial Sites and Vessel Movements

The third type of map presented for each 10~-d period shows the offshore
locations where industrial activities were taking place, and the number of

vessel movements along each route. The main activities at specific offshore
sites were dredging, island construction or maintenance, drilling £from
islands or drillships, and island clean-up. Most of these activities are
shown by separate symbol types. The activity is mapped even if it occurred
for only 1 day within the 10-d period. This accounts for the presence of
five drillship symbols on some maps, despite the fact that only four
drillships were present each year from 1980 to 1982.

Dredge borrow sites, where material was removed from the bottom for
transport to some other site, were distinguished from sites where dredged
material was deposited at an immediately adjacent island construction site.

Drillship locations are identified as such whether or not drilling waé
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actually occurring during the 10-d period. The only case of active drilling
from an artificial island during the periods mapped was at Tarsiut Island
during early August 1982. At other times, artificial islands are mapped as
active (e.g. well testing or island clean up underway) or inactive. Inactivé

artificial islands close to shore are not mapped.

Vessel traffic, excluding seismic and sounding operations, is shown on
the same maps. The approximate number of vessel trips along each route is
shown by the thickness of the line. This information came from the records
of the oil companies and Northern Transportation Company Ltd. Most of the
offshore traffic appears to have been Iisted- in the records that we
searched. However, we undoubtedly missed some trips, particularly in 1980 --
the year for which the records were least complete. The vessel movements
shown on our maps include passes by small crew-change boats and larger supply
boats, tugs and barges, Dome's icebreaker, drillships moving between drilling
sites, and movements by dredges. Characteristics of underwater noise from

several of these vessels are described by Greene (1982, 1983).

In cases when the precise number of vessel trips between two sites was
unknown, a minimum estimate of the number is indicated. Estimation was
required most frequently for movements by hopper dredges and small
crew-change boats. Difect straight-line routes were assumed unless these
would cross unnavigable areas. All vessels travelling to and from

Tuktoyaktuk harbor were assumed to have followed the channel and buoys.

We have not attempted to map the movements of research vessels; 1 or 2
were usually in the eastern Beaufort Sea. We have also excluded some vessel
traffic that was restricted to nearshore areas, e.g. movements of the Coast
Guard buoy tender 'Nahidik', and vessel traffic between coastal sites such as
Tuft Point, Pullen 1Island, Hansen Harbour, and Tuktoyaktuk. Vessels
operating between these sites 'generally stay in water <10 m deep where
bowheads occur infrequently. .We also did not map the local movements of

support vessels around drillships and other offshore industrial sites.
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comparable 1in 1level to those observed while she was wunderway empty.
'Gateway' was quieter than 'Geopotes X', but both hopper dredges were noisier
than the suctién dredge 'Beaver MacKenzie' dredging while at anchor at an
island site. '

Figure 24 presents a summary graph of received levels vs, range for
industrial sources measured in the Beaufort Sea during August 1981-82. The
dashed lines near the top are included to show the attenuation slopes for
cylindrical spreading (10 log R) and spherical spreading (20 log R). The
solid lines without data'points represent regression models derived from the
"data. Greater attenuation with increasing range can be seen for shallower
water by comparing the curQes for seismic signals in 1981 and 1982 (shallower
water in 1982). The 1981 data for 'Geopotes X' underway loaded may have been
unusually elevated because of a damaged propeller. The points plotted for
'Gateway', Tarsiut island, and 'Geopotes X' in 1982 are 10-500 Hz band levels
which include tonal powers in that band; the 1981 curves for the suction
dredge, drillship, and 'Geopotes X' underway are only for the strongest tone
present. The variable levels near Tarsiut artificial island are illustrated
by the lower (118.6 dB) 10~500 Hz level measured at 0.46 km on 15 August as
compared to the range of levels (126.1-133.3 dB) measured at 1.l km on 6
August. From Figure 24, it 1s obvious that seismic signals are by far the
strongest sounds introduced into the Beaufort Sea by the kinds of industrial

activities that we have studied.

The 'Drillship, 278 Hz' curve in Figure 24 represents Explorer II while
she was drilling. The strongest tones recorded at driilship Explorer. I
during logging were on the order of 20 dB below the strongest tones from
Explorer II during drilling at comparable ranges. The drilling noises from
Explorer III at ranges of 11 and 18.5 km were below the émbient, which 1is

consistent with the attenuation trend measured for Explorer II drilling.

Hopper dredges, capable of taking up a load from the bottom at one place
and carrying it to another place for dumping, appear among the stronger
sources of industrial noise as shown in Figure 24. Dredge 'Geopotes X' both
underway and dredging was noisier than other vessels measured, while dredge

'Gateway' produced slightly weaker sounds underway and dumping.
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Moét of the energy in the various industrial sounds that we have
recorded in the eastern Beaufort Sea is at frequencies below a few hundred
Hertz. Most bqwhead calls are also predominantly in this freqhency range
(Ljungblad et al., 1982; Wirsig et al. 1982). Although the : auditory
sensitivity of bowheads has not been studied, we assume that they can detect
low frequency sounds, including both their own calls and various industrial
sounds. The possible effects of industrial noise on bowheads include both
disturbance and masking of other sounds (e.g., masking of calls from distant
bowheads). These possibilities, and the potential consequénces, are
discussed in the 'Disturbance’ sectioh of this report (Richardson et al.

1983¢) and, more comprehensively, in Richardson et al. (1983b).
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ABSTRACT

A pfeceding section on 'Disturbance Responses of Bowheads' examined
short-term behavioral responses of summering bowheads to activities
associated with offshore oil exploration. However, the behavioral approach
cannot détermine whether these activities result in long-term displacement.
This secéion reviews the distribution of bowheads summering in the eastern
Beaufort - Sea in recent years and discusses whether there have been any

distributional changes attributable to o0il exploration.

Methods. —— Detailed data on bowhead distribution in most of the
Canadian Beaufort Sea have been collected only since 1980, and only from late
July or early August to mid September. Sightings during the various studies
conducteq within this period are compiled here onto a series of maps, one or
two per 10-d period. Survey routes are also shown on these maps. Previously
unreported distributional data from this and other LGL studies in 1980-82 are
included, along with results compiled from all available reports by ourselves

and others.

Industrial activities are also mapped. For each 10-d period, we
include one map showing the sites of offshore drilling, dredging, etc., along
with thefapproximate number of boat trips along each route. - Another map for
each 10-d period shows seismic lines shot during the period, plus locations
- of low-energy sounding. A third type of map shows helicopter traffic and ice
conditions during the 1-10 and 22-31 August periods. We use the phrase 'main
industrial area' to refer to the region off the Mackenzie Delta where there
is island construction,‘drilling, dredging and intensive support traffic via

boat and helicopter.

In 1980, bowheads were more numerous close to shore than in the
subsequent two years. Around 2 August, many moved into shallow waters off
the central Mackenzie Delta, the main industrial area. Some were within 5 km
from the island construction operation at Issungnak. Whales were scarce
farther east off the Tuktoyaktuk (Tuk) Peninsula in early August, but moved
into that area of lesser industrial activity in mid August. By late August,

very largé numbers were widely distributed off the Tuk Peninsula, many in
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water <20 m deep. Numbers off the Delta were somewhat reduced, but still
high. Previous to late August, there was no survey coverage west of the
Delta; in late August at least a few whales were present north of Herschel
Island. 1In early September, fewer whales were found off the Tuk Peninsula,
and they were farther offshore. Numbers off the Delta were much reduced, but
whales were seen regularly near Herschel Island. Bowheads were first seen in

Alaskan waters on 4 September.

In 1981, survey coverage was more comprehensive and most bowheads
remained farther offshore. 1In late July, most were either far offshore in
pack ice or in Amundsen Gulf. In early August many moved south onto the
outer continental shelf off the Mackenzie Delta, with lesser numbers off the
Tuk Peninsula. None were seen near Issungnak where whales were abundant in
early August 1980. In mid August the ﬁhales were more evenly distributed
from Herschel Island to Cape Bathurst, mainly in waters >50 m deep, but there
was a concentration in shallower water off the central Delta. Some of the
latter animals were <10 km from an artificial island and drillship. In early
September, most bowheads were still in Canadian waters, with many off the Tuk
Peninsula and Herschel 1Island and lower densities elsewhere. The first

sighting in Alaskan waters was on 7 September.

In 1982, most bowheads were far enough offshore or west to be outside
the main industrial area. In early August, the only sightings in the
Canadian Beaufort' Sea were on the outer shelf off the western Delta and
Yukon, and many were moving west. Some bowheads were seen in the Alaskan
Beaufort as early as early August. In mid August, there was a major
concentration near Herschel Island, with low densities off the Delta and Tuk
Peningula. In late August, many bowheads remained off Herschel Island;
others were along the shelf break off the western Delta and on the outer
shelf off the eastern Tuk Peninsula. In early September, many were still near
Herschel 1Island, with a few on the outer shelf off the Delta and Tuk

Peninsula.

Discussion. —— Most of the. Canadian Beaufort Sea was not surveyed for
bowheads before 1980. However, a longer series of data is available for the

area of most intense industrial activity off the eastern Mackenzie Delta.
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Island construction and traffic to drillships farther north have occurred off
- the Delta each summer since 1976, and seismic exploration since 1971. In
1976 and 1977, many bowheads entered shallow waters off the Delta in early
August. They did not do so in 1978 or 1979. Many whales occurred off the
eastern part of the Delta in 1980, but few were there in 1981 and almost none
in 1982, Given the reappearance of many whales off the Delta in 1980, there
is no clear trend for decreasing numbers in that small area. .For other parts
of the Canadian Beaufort Sea, the lack of data from years before 1980 makes

it impossible to assess whether the 1981 and 1982 distributions were unusual.

In 1980, 1981 and 1982, seismic exploration occurred over much of the
Canadian Beaufort Sea == both within and beyond the main industrial area. -
Numerous bowheads were in areas ensonified by seismic noise in 1981 and 1982

as well as in 1980.

Whether or not industrial activities affect bowhead distribution in
summer, bowhead movements probably depend strongly on the distribution and
abundance of zooplankton. | Factors affecting zooplankton in the eastern
Beaufort Sea are poorly known, but probably_include the variable volume and
movement of fresh water from the Mackenzie River, and hydrographic phenomena
at the shelf break and the ice edge. The variable distribution of ice
probably also has direct effects on whale distribution.
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INTRODUCTION

The primary focus of the study reported in this volume has been the
short-term behavioral reactions of bowheads to actual and simulated
industrial activities. Behavioral responses are studied primarily because a
positive response provides an immediate indication that the whales may be
sensitive to the industrial activity. We have studied the behavior of
bowheads in the presence of boats, aircraft, seismic exploration, drillships
and dredging (Fraker et al. 1982; Richardson et al. 1983b).

The long term reactions of the bowhead population to offshore industrial
activity are ultimately of greater concern than are short term behavioral
responses. Long term reactions might, in theory, include such interrelated
factors as 1increased stress, reduced overall food intake during the summer
feeding season, reduced reproductive success or survival rate, and
displacement from parts of the traditional range. All of these medium to
long term effects are difficult to detect. Even if detected it would be
~difficult to determine whether they were attributable to industrial activity

rather than to some form of natural variation.

The one type of long term effect on bowheads that might be detectable
from data now being collected is displacement from parts of the traditional

range. Gray whales were apparently displaced from at least one of their
wintering lagoons when ship traffic and other human activities intensified,

and returned years later when ship traffic decreased (Reeves 1977). In other
cases, suggested displacements of baleen whales by prolonged human activities
have not been demonstrated convincingly (reviewed by Richardson et al.
1983a) . These possible cases include other gray whale wintering areas and
migration routes (Rice 1965; Rice and Wolman 1971; Wolfson 1977; Dohl and
Guess 1979), humpback whale wintering and feeding areas (Norris and Reeves
1978; Jurasz and Jurasz 1979; MMC 1979/80), and whales in areas of heavy ship
traffic off Japan (Nishiwaki and Sasao 1977). Most of these data are
equivocal regarding whether whales are displaced by industrial activities.
However, it is clear that they often return each year to areas where they

have been hunted from ships or exposed to heavy vessel traffic.
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Aerial surveys provide tbe type of comprehensive information about
bowhead diétribution that can be used in detecting changes in distribution.
This technique has been used extensively to detect seasonal changes in
distribution during migration around Alaska and during the summer in the
Canadian Beaufort Sea. If continued over a period of years, aerial surveys

could show whether long term changes in distribution had occurred.

Comprehensive aerial surveys have been done in Alaskan waters during the
spring and fall migration seasons in 1979 (Ljungblad et al. 1980), 1980
(Ljungblad 1981), 1981 (Ljungblad et al. 1982) and 1982 (Ljungblad pers.
comm.). The National Marine Fisheries Service conducted aerial surveys in
some earlier years. These results provide valuable background data from
years before there was much offshore oil exploration, aside from geophysical

exploration, in the Alaskan Beaufort Sea.

In the eastern Beaufort Sea where the Western Arctic stock of bowheads
spend the summer, systematic aerial surveys for bowheads did not begin until
1980. Before 1980, the only available data on summer distribution were from
logbooks of commercial whalers who operated in the area at the start of this
century, and incidental sightings by scientists and industry personnel
engaged in offshore work (Fraker 1979; Fraker and Bockstoce 1980). These
records suggested that most bowheads spend the early summer in Amundsen Gulf
and the extreme eastern part of the Canadian Beaufort Sea--east of the area
of offshore oil exploration (Fig. l)-—and then move westward off the
Tuktoyaktuk Peninsula, Mackenzie Delta and Yukon coast in August and
September.

By 1980, when systematic aerial surveys and other studies of bowheads in
their summering areas began, full-scale offshore oil exploration had been
underway for some years. Drilling from artificial islands in very shallow
neérshore waters began in the early 1970's, and drillships began to work
farther offshore in 1976. Systematic aerial surveys have continued on a
larger scale in the summers of 1981 and 1982. The three summers of surveys
have shown that many bowheads sometimes occur in the areas of most intense
industrial activity. However, they have also shown that, at other times

during the summer, bowheads are very scarce in the industrial area.
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Furthermore, there are major year to year differences in distribution at

particular times during the summer.

To date, there has been no overall compilation or analysis of . the
~distribution of summering bowheads 1in relation to the distribution of
industrial activities in the eastern Beaufort Sea. The reports of individual
studies done in 1980-82 sometimes comment on similarities and differences in
bowhead distribution relative to previous studies, and on the presence or
absence of whales near industrial activities, but this information has not
been drawn together in a systematic way. Furthermore, the distributional
data collected incidental to behavioral studies during the present project

have not been reported previously.

It may be too early to detect whether long term changes in summer
distribution of bowheads have occurred recently, given the scarcity of data
from years before 1980 and particularly from years before offshore oil
exploration began. However, the data for 1980-82 should be useful as a basis
for formulating hypotheses and designing studies about factors affecting
bowhead distribution. . The data should also be useful as a basis for
comparison in the future even if no definite conclusions about industrial
effects éan be drawn now. Many of the data concerning both whale'distribu-
tion and industrial activity are unpublished and increasingly difficult to

locate as time passes. Hence, they should be compiled now if they are ever
to be compiled..

The objectives of this report are twofold: (1) Draw together in a
standardized way the available published and unpublished information about
bowhead distribution and industrial activities in the eastern Beaufort Sea
during the summers of 1980 to 1982. (2) Assess whether there are any
consistent trends in the summer distribution of bowheads during this period,

and whether any such trends can be related to industrial activities.

Our approach has been to compile the available data into a series of
maps for each 1/3 month period within each of the three years studied. The
maps cover the area from the Alaska—Yukoh border eastward beyond Cape

Bathurst, and from the shore north beyond the edge of the continental shelf
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to about 72°N. The area of offshore oil exploration is on the continental
shelf in the center of the mapped area (Fig. 1). These maps are supplemented
with explanatory text. After the available data are presented in the above

format, we discuss the general trends that emerge from the data.

Several different types of maps are used. For each 1/3 month period,
one map shows the sightings of bowheads during the various aerial survey
_ projects, and includes information about the areas that were and were not
surveyed. Another map shows the locations where seismic surveys were
conducted. A third map shows the locations of offshore industrial activities
such as drilling or dredging, and indicates the routes travelled by vessels
during that period. A fourth map showing helicopter routes and ice
conditions was prepared for each 1/3 month period, but only about half of
these maps are included here. For certain periods, we include additional

maps showing bowhead sightings during systematic aerial surveys.

The results of this analysis can be understood from the maps and
accompanying text in the 'Results' section without reading the following
'Methods and Data Sources' section. However, the Methods section does
document the sources and limitations of the data, and the conventions that

were used in compiling the information.
METHODS AND DATA SOURCES

- Information about bowhead distribution in the eastern Beaufort Sea is
available from early August to early September 1980, late July to early
September 1981, and early August to early September 1982. Hence, we include
maps for four 1/3 month periods in 1980, five periods in 1981, and four
periods in 1982. The periods were chosen arbitrarily as being days 1-10,
11-21, and 22-31 of the month. We have not attempted to compile information
about industrial activities during the early summer and the autumn periods
for which there was little information about bowheads. However, bowheads are
infrequent in the area of intense industrial activity off the Mackenzie Delta
before late July and after early September (Fraker and Bockstoce 1980; this

report).
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Bowhead Sightings

For each 10 or 11 day period (hereafter referred to as 10-d period), we
present one or two maps showing all aerial survey routes and bowhead

sightings known to us.

Data Sources, 1980. -- The only systematic, repeated aerial surveys in
1980 were a series of three surveys off the Tuktoyaktuk Peninsula (Renaud and
Davis 1981) and seven surveys of a small area around Issungnak artificial
island off the Mackenzie Delta (Norton Fraker and Fraker 1981; Fraker et al.
1982). The former three surveys were funded by Dome and Gulf, and were
conducted on 6-7 August, 21-24 August, and 3-4 September. Each survey
consisted of a series of north-south flight lines spaced 8 km apart and
extending from near the shore out to the 50-m depth contour. The seven
surveys over the shallow waters around Issungnak were funded either by Esso
or by the U.S. Bureau of Land Management as part of the present project.
They were conducted between 24 July and 22 August. The area covered was much
smaller, but the flight lines were closer together (3.2 km) to provide
intensive coverage. Details are given in the original reports.

Additional aerial surveys in the eastern Beaufort Sea in 1980 were
reported by Hobbs and Goebel (1982) and Ljungblad (1981).  Hobbs was
attempting to place radio transmitters on summering bowheads, and Ljungblad
flew aerial surveys in support of Hobbs. Some of their flights extended
seaward to or beyond the edge of the continental shelf, although most were
closer to shore. In cases where the routes mapped in the two reports
differed slightly, we used the route shown by Hobbs and Goebel. It was
generally not evident from their reports how many whales were seen at each
sighting location, s$o special symbols for 'unknown number' have been used on
our maps.

Flight routes and sightings of bowheads were also recorded during our
study of bowhead behavior and disturbance in 1980. This information has not

been reported previously. The data span the period 3-31 August. The general
procedures, although not the flight lines or sighting locations, are given in
Richardson (ed., 1982). Because many bowheads were found in shallow water
close to shore, these flights were restricted to the inner half of the
continental shelf. : '

Data Sources, 198l. -- Four extensive, systematic surveys of the eastern
Beaufort Sea were conducted in late July, mid and late August, and early
September (Davis et al. 1982). This work was funded by many companies in the
Alaskan and Canadian oil industry (organized 'by Sohio Alaska and Dome), plus
the State of Alaska. These surveys were planned to extend from the
Alaska-Yukon border east through Amundsen Gulf, and from the shore north to
the deep waters beyond the shelf. During each survey, some parts of the area
could not be covered because of poor weather, but extensive coverage was
obtained in each period. Flight lines were oriented north-south, nominally
at either 16 or 8 km intervals. We have re-mapped the results. for the
eastern Beaufort Sea, excluding Amundsen Gulf, using the same format as for
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all other sightings. For clarity, the results of these four systematic
surveys are on maps separate from those summarizing other 1981 results.

Much additional survey coverage was obtained from late July through
early September 1981 as a result of three projects:

(1 Davis et al. (1982) conducted a number of reconnaissance,
behavioral observation, and whale photography flights in addition to their
systematic surveys. Only a few of the resulting data were included in their
report, but all have been included here.

(2) During the study of whale behavior and disturbance for BLM, we
recorded our flight routes and sightings. The flights were more extensive in
1981 than in 1980 because whales were not as accessible close to shore. At
various times from 27 July to 8 September, we covered areas from the shore to
beyond the edge of the continental shelf, and from west of Herschel Island to
Cape Bathurst. The routes and sightings are mapped here for the*first time;
general information about the procedures appears in Richardson (ed., 1982),

(3) Ljungblad et al. (1982) surveyed primarily in Alaskan waters during
the summer of 1981. However, on 15, 17 and 19 August and several occasions
in September, their flights extended east into the Canadian Beaufort Sea,
sometimes as far as the Mackenzie Delta. We have included their flight
routes and sightings on our maps for mid August and early September.

Data Sources, 1982, =- In 1982, the available data came from extensive
non~systematic surveys during the present behavior study and during the whale
photography study of Davis et al. (1983), from two systematic surveys by
Harwood and Ford (1983), and from surveys in the western part of the Canadian
Beaufort Sea by Ljungblad et al. (in prep.).

During the behavior study, we again covered areas from the shore north
to beyond the continental shelf, and from west of Herschel Island to east of
Cape Bathurst. Flights spanned the period 1 to 31 August. General
procedures are given elsewhere in this volume by Wirsig et al. (1983) and
Richardson et al. (1983b); flight routes and sighting locations are mapped
here. On behalf of the U.S. National Marine Fisheries Service, Davis et al.
(1983) covered much of the same area on 12 August~5 September 1982 while
searching for whales to be measured and identified by photogrammetry. Their
routes and sightings are all mapped here, in combination with those from the
behavior study.

Ljungblad et al. (in prep.) conducted surveys near the western edge of
our study area (mainly west of Herschel Island) on various dates from 2
August until 14 October. We have included their flight lines and bowhead
sightings on our maps for the 1 August to 10 September period.

With funding from Dome and Gulf, Harwood and Ford (1983) conducted two
extensive, systematic surveys of the eastern Beaufort' Sea on 18-24 August and
5-13 September 1982, They flew north-south lines,” generally spaced 16 km
apart, from west of Herschel Island to the eastern end of the Tuktoyaktuk
Peninsula. The lines extended from near shore to the 100 m contour or
beyond. We have re-mapped their results into our standard format. For
clarity, we present their results on maps separate from those showing results
of the other studies.
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Procedures for Compiling Data. =-—'All of the aircraft used for the
surveys had accurate Very Low Frequency (VLF) navigation systems. With very
few exceptions, the flight routes and sighting locations were precisely
known. Because many of the flights were not systematic surveys with defined
transect widths, we have mapped all sightings, whether or not they were
classified as on- or off-transect in the original reports.

The exact number of whales seen at each location could not be shown in
compact format. Instead, symbols of progressively increasing prominence are
used to show sightings of 1-3, 4-7, 8-15, 16-30 or 31-80 bowheads. When two
or more sightings within a 10-d period were so close together that their
symbols overlapped broadly, they are shown as a single symbol.

On the main map for each 10-d period, we have used a format that
distinguishes sightings and routes during the first 5 days from those during
the next 5 or 6 days. Triangular symbols and dashed lines are used for days
- 1-5; circles and solid lines are used for days 6-10 or 6-11. .This level of
detail is rarely needed for the broad-scale interpretations in this report.
However, it may be useful for other purposes. Surveys conducted on 12-16

September 1980 and 12 September 1981 are included on the early September maps
for those years; flight routes are shown as dotted lines.

In some 10-d periods, there was so much aerial survey activity within
certain areas that it was 1mpractical to show every flight line. These
'intensive coverage areas' are demarcated with a heavy line; within these
areas only the bowhead sightings, not the flight routes, are shown. In some
cases, systematic survey coverage within an 'intensive coverage area' is
shown in a separate inset map.

The maps based on non-systematic surveys provide only a qualitative
indication of the relative abundance o6f bowheads in different areas, and
therefore must be interpreted with caution. Survey procedures differed
between projects, and detectability of whales was better during some flights
than others. Survey effort in different parts of the study area ranged from
nil to intensive, and non-systematic surveys tended to be concentrated in
areas with many bowheads. Some whales were undoubtedly counted more than
once in a 10-d period, especially in areas where there was much survey

coverage.

Seismic Exploration and Sounding

Seismic exploration has occurred in the Canadian Beaufort Sea most if
not all summers since the 1960's. Seismic exploration via high-energy
techniques produces by far the most intense underwater sounds of any normal
offshore activities of the oil industry (Greene 1982, 1983). Hence, we

present a series of maps dealing specifically with locations of seismic
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exploration and sounding, a related activity. There is one map for each 10-d
period during 1980-82. Solid lines depict geophysical surveys shot by two
vessels using large arrays of airguns —- the 'GSI Mariner' and, in 1981, the
‘Edward O. Vetter'. Dashed lines depict surveys by the 'Arctic Surveyor', a
vessel with an array of 12 large sleeve exploders (1980-8l) or open—bottom

gas guns (1982).

The exact locations of the seismic lines and the dates on which they
were shot were kindly provided by Geophysical Service Inc., Dome Petroleum
Ltd., and Esso Resources Canada Ltd., all of Calgary. Supplementary
information was obtained from our records of the locations and dates in
1980-82 when seismic vessels were seen at sea during the behavior study.
Some information about locations of seismic exploration 1is considered
proprietary by the companies involved. We know that some additional lines
besides those on our maps were shot, but we do not know the specific

locations.

Detailed information about the sounds produced by the three vessels
mentioned above appears in Greene (1982, 1983). The 'Mariner' uses a 1410 cu
in airgun array with source level 246 dB//l pPa at 1 m. The 'Vetter', a
larger ship, wuses a 2000 cu in array. These vessels normally travel
continuously along the survey line at 4 or 5 knots, firing the airguns every
12-16 seconds. The 'Arctic Surveyor' fires several shots at one location
at 6-10 s intervals, and then moves a few tens of metres ahead before firing
the next series of shots. In this 'stop and go' mode, the 'Arctic Surveyor'
progresses along the survey line at a much slower rate than does a ship

operating in a continuous tow mode.

In 1982, the 'Cammar Teal' used a smaller array of airguns to conduct
high resolution seismic surveys within several small areas off the Mackenzie
Delta. She used an array of three airguns with total volume 300 cu in. Most
of the areas she surveyed were 3 km x 3 km in size, and the shot lines were
spaced 200 m apart in onme direction and 400 m apart in the other (F.J. Quinn,
Geoterrex Ltd., pers. comm.). The source level of the array was reportedly 6
to 7 bar-m, zero to peak, or about 236 dB//l pPa at 1 m. Grids shot by
"Canmar Teal' in 1982 are shaded on the maps, and additional single lines of
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shots are dotted. The information about shooting locations was provided by

Dome, Gulf and Geoterrex.

Numerous vessels used a variety of lower—-energy sounding techniques
and/or coring to assess water depths and bottom conditions, search for gravel
deposits, etc. Dome, Esso and Gulf provided information about some of the
locations where the 'Arctic Sounder', 'Betty Coulter', 'Canmar Teal, 'Canmar
Widgeon', 'Frank Broderick', 'J.. Mattson', 'Mary B IV', 'Mary B VI',
'Norweta', and 'Ublureak' conducted such surveys during one or both of
1981-82. - No information about sounding was available for 1980. The Canadian
Hydrographic Service, Institute of Ocean Sciences, provided information about
locations where the 'CSS Hudson' used small airguns (5 or LO cu in) in 1981..
Sounding areas that were smaller than 1 km x 1 km are mapped as open dots.
Sounding locations of larger dimensions are shown as lightly shaded areas or
as lines of widely spaced dots. Our information about these low-energy
activities 1is incomplete. On the other hand, some cases recorded as
'sounding' were probably coring, and it would. have been more appropriate to

map those on the 'vessel traffic' maps rather than on the 'seismic and

sounding' maps.

Offshore Industrial Sites and Vessel Movements

The third type of map presented for each 10-d period shows the offshore
locations where industrial activities were taking place, and the number of

vessel movements along each route. The main activities at specific offshore
sites were dredging, 1sland construction or maintenance, drilling from
islands or drillships, and island clean-up. Most of these activities are
shown by separate symbol types. The activity is mapped even if it occurred
for only 1 day within the 10-d period. This accounts for the presence of
five drillship symbols on some maps, despite the fact ‘that only four
drillships were present each year from 1980 to 1982,

Dredge borrow sites, where material was removed from the bottom for
transport to some other site, were distinguished from sites where dredged
material was deposited at an immediately adjacent island construction site.

Drillship locations are identified as such whether or not drilling was
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actually occurring during the 10-d period. The only case of active drilling
from an artificial island during the periods mapped was at Tarsiut Island
during early August 1982. At other times, artificial islands are mapped as
active (e.g. well testing or island clean up underway) or inactive. Inactivé

artificial islands close to shore are not mapped.

Vessel traffic, excluding seismic and sounding operations, is shown on
the same maps. The approximate number of vessel trips along each route is
shown by the thickness of the line. This information came from the records
of the oil companies and Northern Transportation Company Ltd. Most of the
offshore traffic appears to have been 1listed in the records that we
searched. However, we undoubtedly missed some trips, particularly in 1980 --
the year for which the records were least complete. The vessel movements
shown on our maps include passes by small crew-change boats and larger supply
boats, tugs and barges, Dome's icebreaker, drillships moving between drilling
sites, and movements by dredges. Characteristics of underwater noise from

several of these vessels are described by Creene (1982, 1983).

In cases when the precise number of vessel trips between two sites was
unknown, a minimum estimate of the number is indicated. Estimation was
required most frequently for movements by hopper dredges and small
crew-change boats. Difect straight-line routes were assumed unless these
would cross unnavigable areas. All vessels travelling to and from

Tuktoyaktuk harbor were assumed to have followed the channel and buoys-

We have not attempted to map the movements of research vessels; 1 or 2
were usually in the eastern Beaufort Sea. We have also excluded some vessel
traffic that was restricted to nearshore areas, e.g. movements of the Coast
Guard buoy tender 'Nahidik', and vessel traffic between coastal sites such as
Tuft Point, Pullen Island, Hansen Harbour, and Tuktoyaktuk. Vessels
operating between these sites generally stay in water <10 m deep where
bowheads occur infrequently. . We also did not map the local movements of

support vessels around'drillships and other offshore industrial sites.
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Because of these and other simplifications, our maps do nét, record every
vessel movement, and the mapped routes are approximations. However, the maps
are indicative of the relative amounts of traffic in various offshore areas

and periods.

Helicopter Movements

For 1981 and 1982, -we mapped helicopter traffic in the eastern Beaufort
Sea area in the same generél way as vessel traffic. The maps show the
offshore industrial sites and the number of helicoptér trips along each
offshore route. The information was obtained from Dome, Esso and Gulf
records. Information about a small proportion of their helicopter traffic in
1981-82 was not available, but the maps give a good depiction of the amount
aﬁd distribution of traffic.

;: There were some uncertainties and assumptions about helicopter traffic
"in 1981-82. Hopper dredges moved about frequently, and we do not know their
exact locations at the times that helicopters landed. We assumed that the
dredges were at the borrow site during 50% of the flights, and at the dumping
site for the other 50%Z. No helicopters aside from those of Dome, Esso and
Gulf operated regularly over the eastern Beaufort Sea. However, a few of the
single—engine helicopters: operating 1in the area occasionally travelled

. offshore; we have not attempted to determine or map their activities.
Helicopter traffic between onshore locations, e.g. from Tuktoyaktuk to

McKinley Bay, was not mapped.

Helicopter traffic maps changed littlé from one 10-d peribd to the
next. Hence, we present here only the maps for 1-10 and 22-31 August of 1981
and 1982,

No adequate records oflhelicopter traffic in 1980 were évailable and no
helicopter maps were prepared for thaﬁ year. Comparison. of the helicopter
and vessel traffic maps for 1981 and 1982 shows that helicopter-and Qessel
movement patterns were similay,-.This no doubt was true 1in 1980 aé well. The
offshore and onshore termiﬁi were generally the same for boats and
helicopters. However, the helicopters generally 'mage more trips between

Tuktoyaktuk and the various offshore sites than did the boats.
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Offshore/fiights by fixed wing aircraft are not included on the maps of
helicopter traffic. Fixed wing traffic over the eastern Beaufort Sea is of
three main types: (1) scheduled or charter service between onshore
locations, (2) ice reconnaissance flights, and (3) biological surveys. The
first two types of flights are normally at medium or high altitudes and
unlikely to affect whales (Richardson et al. 1983b). Biological surveys
usually are at 457 m (1500 ft) a.s.l. or below. Virtually all biological
surveys over offshore portions of the eastern Beaufort Sea during our study
periods were whale surveys; the routes are mapped on the ‘'bowhead

distribution' maps.

Ice Conditions and Bathymetry

Maps of ice conditions are included for the 1-10 and 22-31 August
periods of 1980-82. These maps distinguish areas of open water, 1-307% ice
cover, 31-79% cover, and 80+% cover. We prepared these maps from the Weekly
Composite Charts compiled by Ice Forecasting Central, Atmospheric Environment
Service, Environment Canada. Their maps are based on satellite photographs
and ice reconnaissance flights. To minimize the number of maps in this
report, the 1981-82 ice data are included on the helicopter traffic maps.
.Locations of pack ice sometimes changed by many kilometres within a few
hours; thus, the generalized maps presented here provide only a rough

indication of ice cover.

The 100-m depth contour is shown on Figure 1 and on all vessel traffic
maps. A more detailed bathymetric map appears within the set of maps for
each year (Fig. 9, 28, 46). Our map 1is based on isobaths on  the
International Map of the World-—Firth River sheet, and Dome Petroleum Limited
map E-BFT-100-03. In most parts of the study area, water depths increase
very gradually out to the 100 m contour, and then increase rapidly. The 100
m contour is 110-140 km offshore from the Mackenzie Delta and Tuktoyaktuk
Peninsula, but only 25-70 km offshore from most points. along the Yukon
coast. The 100 m contour is within 10 km from the shoreline at two locations
within the study area —-- off the east sides of Herschel Island and Cape

Bathurst.
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RESULTS

Bowhead Distribution and Industrial Activities in 1980

The information for 1980 appears 1in Figures 2 to 16, The period 1
August to 10 Sépteﬁber is considered. Abbreviated names of offshore
locations mentioned in the text are given on Figure 3 or, if not present

there, on the first vessel traffic map where that éite'appears.

Industrial Activities, 1980

The general level of industrial activity in 1980 was lower than in 1981
or 1982, However, information on activities in 1980 was more difficult to
obtain and less complete. Esso Resources Canada Ltd. and Dome Petroleum

Ltd. were the only two oil companies operating offshore in 1980.

All drilling done during the 1980 study period was from the four Dome
drillships. Three of the ships remained at specific wellsites throughout: the
period. The other drillship was at one well from 2 August to 8 September.
It then moved to the Kilannik well, the easternmost location that has been

drilled in the Beaufort Sea (Fig. 15).

Two suction dredges operated in the eastern Beaufort throughout the
study period, but only one was offshore where bowheads might be encountered.

The 'Beaver Mackenzie' completed the dredging for Issungnak artificial
island, in 18 m of water off Richards Island, on 24 August. It then.began
dredging Alerk artificial island in shallower water north of Tuktoyaktuk
(Fig. 11). The 'Aquarius' dredge operated in McKinley Bay all summer and
into the fall, ' ‘ |

Most vessel movements were in support of the island building or drilling
activities. Northern Transportation Co. Ltd. (NTCL) vessels made several
trips to points east and west of the study area (Figs. 3, 7, 1l1). Clean-up
of abandoned artificial islands' was festricted to sites. in very shallow

water.
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Seismic exploration in early August was off the eastern part of the
Mackenzie Delta and the Tuktoyaktuk Peninsula (Fig. 4). Seismic continued
north of Tuktoyaktuk itself throughout August, with additional work farther
west, around Tarsiut (Figs. 8, 12). In early September, seismic exploration
occurred from the Issungnak area east to Cape Bathurst (Fig. 16). Additional
seismic exploration at unknown locations and times occurred during the summer
of 1980. We have no information about the amount or locations of low-energy

sounding operations in 1980.

No specific information on helicopter activities was available for
1980. However, data from 1981-82 (see below) show that the generai pattern
of flights would follow that of vessel movements to and between the offshore
industrial sites. Helicopters in use by the offshore operators in 1980
are listed in Table 1. All were of twin turbine engine design.

Table 1., Helicopters operating offshore from Tuktoyaktuk on behalf of the
01l industry in the summers of 1980-82.

# in Area
Length Gross
Manufacturer and Model (m)* Wt (kg)* 1980 1981 1982
Aerospatiale Super-Puma 18.7 8360 - - 1
Bell 212 17.5 5080 2? 2? 3?
Bell 412 17.1 5270 - - 1
MBB B0-105 11.7 2840 - - 1
Sikorsky 61 22.3 9310 1 1 1
Sikorksy 76 16.0 4680 2 4 1
Total ' ‘ 5 7 8

* Data from Specifications, Aviat. Week & Space Technol. 118(11), 1983.

Bowhead Distribution, 1980

Bowheads were more numerous close to shore in 1980 than 1in the
subsequent two years. Survey coverage of the more remote areas was less
comprehensive in 1980, partly because researchers could easily locate

bowheads close to shore. Considerable surveying was done inside the 50 m
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contour off the eastern Mackenzie Delta and Tuktoyaktuk (Tuk) Peninsula
throughout August and early September. However, there was virtually no
coverage of more westerly areas or areas of deeper water until early
September. Because of the limited coverage, the 1large scale movement
patterns of the whales in 1980 are not well documented. There was almost no

ice in the relatively shallow areas surveyed during August (Figs. 5, 13).

The whereabouts of the bowheads during late July 1980 is not knoﬁn.
Survey coverage in this period was very limited and mostly in areas close to
shore; the coverage 1s not mapped here. No bowheads were seen during a
flight near Herschel Island on 21 July, and there was only one unconfirmed
sighting during two flights off the Tuk Peninsula and Cape Bathurst on 22-23
July (Hobbs and Goebel 1982). None were seen during an intensive survey near
the island construction operation at Issungnak on 24 July (Norton Fraker and
Fraker 1981). The one offshore survey in 1late July was on 28 July from
Prudhoe Bay northeast almost to Prince Patrick Island, then south off the
west coast of Banks Island, and then ESE to Prudhoe Bay; no bowheads were
seen (Ljungblad 1981). ' '

In early August 1980, many bowheads were in the Issungnak area (Fig.
2). Industry personnel building Issungnak Island reported bowheads on 8 of 9
days from 2 to 10 August (Fraker et al. 1982), and Wiirsig et al. (1982) saw

bowheads there from 3 August onward. Systematic surveys around Issungnak on
5, 9, 11 and 12 August all found many whales in that area. Many were within

5 km and a few within 1 km from the suction dredge and support. vessels
operating at Issungnak (Norton Fraker and Fraker 1981; Fraker et al. 1982).
The whales were socializing, diving, and feeding in this area. There is no
information about where these whales had been before they -moved into the

Issungnak area around the first of August.

During the same period, intensive surveys out to the-50 m contour along
the whole length of the Tuk Peninsula showed that there were few whales in

that more easterly area (Fig. 2).
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There is almost no information about the occurrence of bowheads in areas
more than 25 km north or west of Issungnak, but whales clearly were
concentrated in the area of heaviest industrial activity. Seismic
exploration was occurring both north of Issungnak and off the Tuk Peninsula;
other forms of industrial activity were much more intense near Issungnak.
Besides traffic in support of the construction operation at Issungnak, vessel
and helicopter traffic to at least 3 of the 4 drillships passed through the

area where bowheads were concentrated (Fig. 3).

In mid Aungust 1980, bowheads were still numerous near Issungnak, but
many bowheads appeared farther east off the Tuk Peninsula (Fig. 6). Within
the 11-21 August period, most sightings near Issungnak were before 16 August
(triangle symbols in Fig. 6), whereas all sightings off the Tuk Peninsula
were on or after 14 August. Hobbs and Goebel (1982) reported many bowheads
in waters <30 m deep off the Tuk Peninsula during six flights on 14-22
August. During flights on 19, 20 and 21 August, they saw 114, 157 and 245
bowheads, mostly in these shallow waters. Many whales were seen feeding in
waters as shallow as 10 m (Wirsig et al. 1982). Figure 9 shows the

bathymetry of the area.

There were no aerial surveys far west of Issungnak during mid August,
and only one flight far to the north. The latter detected no bowheads far
offshore (Hobbs and Goebel 1982). Observers looking for bowheads were at
King Point along the Yukon coast from 16 August to 13 September; they saw
only one bowhead, on 18 August (Wiirsig et al. 1982).

During mid August, island construction and frequent vessel traffic
continued around Issungnak; industrial activity was less intense off the Tuk
Peninsula (Fig. 7). Seismic activity occurred betweén these two areas (Fig.
8), and some whales there were as close as 8 and 13 km from an active seismic

ship on 20 and 21 August (Richardson et al. 1983b).

During late August 1980, large numbers of bowheads were off the
Tuktoyaktuk Peninsula; densities near Issungnak were reduced from those in
early August but still appreciable (Fraker et al. 1982). Based on a
systematic survey on 21-24 August (Fig. 10, inset), Renaud and Davis (1981)

conservatively estimated that 755 bowheads were present off the Tuk Peninsula
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within the 50 m contour. That estimate includes no allowance for whales
below the surface and invisible as the survey craft passed over. More whales
appeared to be moving east than west. Whale densities were significantly
higher in the west than the east side of the area off the Tuk Peninsula on
21-24 August. However, some were found as far east as Cape Bathurst. Wiirsig
et al. (1982) found many bowheads feeding at or near the surface off the Tuk
Peninsula; others were socializing. Industrial activities were similar to

those in mid August.

Hobbs and Goebel (1982) report no bowhead sightings far offshore during
a flight northeast to Banks Island on 31 August, but 12 whales were seen in
water about 50-250 m deep off the Yukon coast on 22 August (Fig. 10).
Because of the lack of earlier flights west of Issungnak, it is wunknown

whether bowheads had been present off the Yukon coast earlier in August.

During early September 1980, survey coverage was more ' extensive. A
systematic survey off the Tuk Peninsula on 3-4 September revealed only about
1/3 as many whales as on 21-24 August (fig. 14, inset; Renaud and Davis
1981). The whaies off the Tuk Peninsula also tended to be farther offshore
than in late August; all were in at least 25 m of ﬁater. Most of the whales
seen on 3-4 September were oriented to the SW or west (Renaud and Davis
1981) ., However on 12 September, the last day of surveys, bowheads were still

present off the Tuk Peninsula near the 50 m depth contour (Hobbs and Goebel
1982).

No bowheads were seen during aerial surveys around Issungnak or
elsewhere off the Mackenzie Delta in early September. One was reported by

industry personnel at Issungnak on 11 September (Fraker et al. 1982).

Bowheads were present farther west, near Herschel Iéland, in early
‘September (Fig. 14). In addition to the sightings during aerial surveys
(Fig. 14), observers on the east tip 6f Herschel Island saw bowheads within a
few kilometres from shore on 3-11 September; none had been seen there from 19
August to 2 September (Wiirsig et al. 1982). The last September coverage was
on 16 September, when Ljungblad (1981) saw three bowheads just east of
Herschel Island. '
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Most bowheads seen in early September were well away from the areas of
offshore industrial activity. However, some of those off the Tuk Peninsula

were near seismic lines (Fig. 14 vs. 16).

In the Alaskan Beaufort Sea, the first sighting during autumn was on 4
September east of Barter Island (Ljungblad 1981). Bowheads became numerous
there by 14 September, and the last sighting in the Alaskan Beaufort was a
pilot’'s report on 17 October (Ljungblad 1981). On 21 and 24 October

Ljungblad flew east as far as Herschel Island and saw no bowheads.

Bowhead Distribution and Industrial Activities in 1981

The information for 1981 appears in Figures 17 to 38. The period 22
July to 10 September is considered.

Industrial Activity, 1981

The level of industrial activities during 1981 was higher than in 1980
but somewhat lower than in 1982, Esso and Dome intensified their offshore
operations somewhat, and Gulf began offshore operations after an absence of
several years. Most of Gulf's work was subcontracted to Dome, but Gulf
operated two sounding vessels. The most significant increase in activity in
1981 was the arrival of two hopper dredges, which operated widely throughout
the study area. Those dredges and other means were used to begin

construction of islands in deeper water than previously--in 23 m at Tarsiut
and 31 m at Uviluk (Fig. 22).

All drilling during the 1981 study period was from four drillships.
Three ships remained at specific wellsites throughout the period and the
other was at the easternmost wellsite until 5 September (Fig. 18). The
latter drillship was at Orvilruk from 7 September onward (Fig. 36). Drilling
at Issungnak artificial island was completed before the study period, but the
island was still occupied and serviced by vessels and helicopters during

August.
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During 1981, two suction dredges and two hopper dredges were active in
the study area. The suction dredge 'Beaver Mackenzie' alternated between two
island construction sites NW and north of Tuktoyaktuk, Itiyok and Alerk, from
20 July to 6 September (Fig. 18). The other suction dredge, 'Aquarius',
dredged at the South Tarsiut borrow site until 12 August; barges hauled the
material to the Tarsiut island construction site (Fig. 18). Thereafter
'Aquarius' dredged in McKinley Bay. The two hopper dredges, 'Hendrik Zanen"
and 'Geopotes X', travelled widely throughout the study period. They dredged
at Herschel Island; South Tarsiut, Ukalerk, Uviluk and Banks Island, and
brought the material to the Tarsiut and Uviluk island construction sites.
The sites active in each 10-d period are shown on Figures 18, 22, 26, 32 and
36, and the movements of the hopper dredges are included with other vessel

traffic on those maps.

Most vessel movements were.again in support of the island building or
drilling activities. ﬁome used 8 supply ships, an icebreaker, 5 tug-barge
combinations, and 7 other vessels (J. Ward, Dome, pers. comm.). Esso used 7
tugs and 11 barges, 3 barge camps, and 4 crew boats (M. Psutka, Esso, pers.
comm,). Vessel traffic occurred over a wider area in 1981 than 1980, partly
because the newly arrived hopper dredges operated west to Herschel Island and
northeast to Banks Island. There was additional traffic to the west because
the caissons to be used to construct Tarsiut were barged around Alaska to
Herschel Island and assembled there in late summer. At least four new
vessels arrived in the Canadian Beaufort via Alaska this summer. Also, there
was vessel traffic to support the one drillship that operated far to the east
in 1981. NTCL vessels delivering supplies made several round trips from
Tuktoyaktuk to Prudhoe Bay and to eastern locations. All clean-up opefations

at abandoned islands were in shallow water in July.

Seismic exploration occurred over wide areas of the eastern Beaufort Sea
in 1981. At least three seismic ships with high-energy sources were
operating in the area. They operated off the Mackenzie Delta and Yukon coast
in late July; off the Mackenzie Delta in early August; from the Delta to Cape
Bathurst in mid and- late August; and offlthe Delta, Tuktoyaktuk, and the
western Yukon in early September (Figs. 19, 23, 27, 33, 37). We understand
that some additional seismic lines besides those on the maps were shot in
August 1981.
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At least six vessels performed low-energy sounding in 198l. The CSS
'"Hudson' used small airguns in a broad swath off the Mackenzie Delta and Tuk
Peninsula in late July and August (about 20 km wide; shaded areas in Figures
19, 23, 27, 33). The 'Arctic Sounder' shot lines north of the Mackenzie
Delta and Tuktoyaktuk in August and early September. The other vessels
generally operated at the specific sites shown as ‘o' symbols on the seilsmic

and sounding Figures.

Helicopters travelled from Tuktoyaktuk to most offshore industrial
sites, and also between many of those sites (Figs. 24, 34). Because there
was industrial activity farther west and east than in 1980, helicopters
travelled over more of the eastern Beaufort Sea in 1981. Helicopters in use
by the offshore operators in 1981 consisted of one Sikorsky 61, four Sikorsky
76, and about two Bell 212--an increase of two Sikorsky 76 machines from 1980
(Table 1).

Bowhead Distribution, 1981

Large scale features of bowhead distribution are better documented for
1981 than for 1980. There were clear differences in distribution between the
two years, although some caution is necessary because of the differences in
survey effort. Survey coverage in 1981 began earlier, and was much more

extensive. Four systematic surveys of most of the southeastern Beaufort Sea
were done between late July and early September (Davis et al. 1982). Many

additional non-systematic flights were done during that project and during
the behavior and disturbance study (Richardson 1982). Also, Ljungblad et
al. (1982) flew into Canadian waters on several occasions. Relative to 1980,
the 1981 coverage extended farther west and farther offshore, often beyond

the edge of the continental shelf. In some periods, coverage also extended

farther east.

Ice conditions were quite different than in 1980. There was extensivé
ice in the western parts of the Canadian Beaufort Sea in August 1981 but not
in August 1980 (Figs. 24, 34; cf. Figs. 5, 13). Also, surveys extended
farther offshore in 1981; surveyors often flew well into the pack ice in 1981
but rarely did so in 1980. Bowheads were often seen in this ice in 1981;

whether they were present in corresponding areas in 1980 is unknown.
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In late July 1981, few bowheads were present on the continental shelf
within the eastern Beaufort Sea. . During an intensive survey (19% coverage)
of this entire area on 18-25 July, Davis et al. (1982) detected only six
bowheads (Fig. 20). This corresponds to an uncorrected estimate of 45 whales
(0.0006/km?) in the surveyed area west of Cape Bathurst. Even after
allowance for whales missed 5ecause they were below the surface when the
survey aircraft passed over or for other reasons, only 255 whales were

estimated to be in that area.

A larger number of whales was found east of Cape Bathurst, in Amundsen
Gulf. The ﬁncorrected and corrected estimates there were 178 and 994 whales
(Davis et al. 1982). Howe?er, the total of 1248 whéles estimated to be in
Amundsen Gulf and the surveyed areas of the eastern Beaufort Sea is far less
than the current 'best estimate' of the population size, which ﬁhe
‘International Whaling Commission now defines as 3857 (I.W.C. 1983). The
majority of the population was presumably north or west of the area surveyed
systematically by'Davis et al, Limited coverage of pack ice north of the 100
m contour and beyond the area of systemaﬁic coverage confirmed that more

‘bowheads were present far offshore (e.g., Fig. 17).

Only a small proportion of the bowhead population was in areas near
industrial activities in late July 198l. Some of the whales off the Yukon
coast were not far from seismic vessels (Fig. 20. vs. 19). We know from
measurements in 1982 that noise from seismic ships can be detected up to 70

km away in that area (Richardson et al. 1983b).

During early August 1981, bowheads were apparently moving into the
southeastern Beaufort Sea from - the north. Extensive non-systematic surveys
showed a concentration of whales near and just south of the southern edge of
the pack ice, which was also near the edge of the continental shelf (Fig.
21). Smaller groups were present in open water on the shelf. Numbers in

these areas were clearly higher than in late July.

In early August, few whales were in the area of offshore drilling and
island construction——in marked contrast to the situation in early August 1980

(cf. Fig. 2). However, some whales were not far north of industrial
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operations. About 30 whales were seen only 21 km north of Tarsiut on 13
August (Fig. 21). Some of the whales near the edge of the continental shelf
north of the Mackenzie Delta could probably hear noise from seismic
exploration (Fig. 23 vS. 21). Greene (1983) describes seismic noise recorded
near whales in this area on 5 August 198l1. There was no evidence that this

particular group of whales was reacting to the seismic ship, which was about
50 km away (Richardson et al. 1983b).

From 5 to 17 August 1981, a second systematic survey was done (Fig. 29;
Davis et al. 1982). Coverage was good from the Tuk Peninsula east through
Amundsen Gulf, but limited off the Mackenzie Delta and minimal off the
Yukon. However, the results confirm that large numbers of whales were moving
into the southeastern Beaufort Sea. Some may have come from Amundsen Gulf,
where numbers were reduced from an estimated 994 to 228, However, most must
have come from the north. An estimated 2860 whales (with broad confidence
limits) were present off the Mackenzie Delta, with 404 more off the Tuk

Peninsula.

Very limited coverage off the eastern Yukon showed that many more
bowheads were present there, but there was no systematic coverage farther
west. Ljungblad et al., (1982) saw no whales near Herschel Island on 15
August, but their route was closer to shore than the locations where bowheads
were seen in more easterly areas. Thus, there is no information about the
western limit of distribution at this time, except that it was west of
137°34°,

In mid August 1981, the area of greatest whale abundance was off the
Mackenzie Delta and at least the eastern part of the Yukon. Most of our
non-systematic coverage was in waters <50 m deep off the Mackenzie Delta, but
we and Ljungblad et al. (1982) obtained some coverage off the Yukon (Fig.
25). Many whales were found between the 20 and 50 m depth contours off the
Delta, and a few were in shallower water. Most of the whales were just west
or north of the area of most intense industrial activity. The aforementioned
systematic survey on 5-17 August showed that large numbers of bowheads were

in deeper waters farther to the west and north (Fig. 29).
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In mid August 1980, many whales were well within the area of most
intense industrial activity, whereas in 1981 most remained at least a few
kilometres farther west or north. Many fewer whales were present off the
Tuktoyaktuk Peninsula and in water <20 m deep in mid August 1981 than in 1980
(Figs. 25 and 29 vs. Fig. 6). Industrial activity was more extensive off the
Tuk Peninsula in mid August of 1981 than of 1980, It is not known whether
the increased industrial activity had any connection with the reduced

utilization of this area in 1981.

In late August 1981, some bowheads were still in shallow water off the
Mackenzie Delta (Fig. 31). However, the available data, particularly the
third systematic survey on 19-29 August, showed that most were widely
distributed in deeper water NW, N and NE of the Delté (Fig;.30). 'Tﬁe 6niy-
concentration seen in shallow water during the third-systematic survey was
off the Delta on 24 August. Davis et al. (1982) estimated that 583, 1496 and
839 bowheads were in the sampled parts of the Yukon, Delta and Tuk Peninsula
zones, respectively (total 2918 + s.e. 1015). There were apparently somewhat
fewer whales off the Delta and more off the Tuk Penipsula than during the
5-17 -August period, although the broad confidence limifs on all the estimates

make comparisons questionable.

Many fewer whales were off the Tuk Peninsula in late August 1981 than.af
the corresponding time in 1980 (Figs. 30, 31 vs. 10). The 839 estimate for
this area in 1981 includes a correction for whales below tbé surface; the
uncorrected estimate was 150. In contrast, the uncorrécted estimate for the
part of this area surveyed on 21-24 August 1980 was 755 (Renaud and Davis
1981) . Furthermore, the distribution of whales within the Tuk Peninsula zone
was very different in the two years. In 1980, they were concentrated in the
western half, including very close to shore; in 1981, they were concentrated

far offshore.

In late August, whales were numerous in waters deeper than 50 m as far
west as Herschel Island,.but infrequent from there.to the Alaskan border
(Fig. 30). Observers were at King Point, along the Yukon coast, from 19
August to 3 September. They detected bowheads on 18 and 19 August, and on 3

September. Observers were at the east end of Herschel Island from 23 August
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to 13 September; whales were first sighted there on 29 August (Wirsig et al.
1982).

In late August, most whales were on or beyond the outer part of the
continental shelf and were beyond the area of most industrial operations.
However, some whales far off the Tuk Peninsula were close to seismic lines
(Fig. 30 vs. 33). On 24~26 August, the captain of the 'GSI Mariner' saw
groups of 2-4 bowheads an estimated 2-5 km from the ship while it was
shooting in this area (Richardson et al. 1983b). The few whales in shallow
water off the Mackenzie Delta were near various industrial operations. One
group seen there on 25 August was only 6~8 km from a seismic ship; behavior

was not noticeably unusual (Fraker et al. 1982; Richardson et al. 1983b).

In early September 1981, the majority of the Western Arctic bowheads
were apparently still in Canadian waters. Based on their fourth systematic
survey, Davis et al. (1982) estimated that over 2539 bowheads were still
present on 7-14 September, and their surveys and estimates did not include
all of the easfern Beaufort Sea (Fig. 38). The whales were widely
distributed from east of Cape Bathurst to west of Herschel Island. At least
off the Tuk Peninsula, many whales were closer to shore than they had been in
late August (Fig. 38; cf. Fig. 30). This shift was contrary to what was seen
~at this time in 1980, when whales off Tuk Peninsula tended to be farther

offshore than in late August.

Bowheads were apparently more numerous around Herschel Island in early
September 1981 than at the corresponding time in 1980 (Fig. 35 vs. 14).
Observers on the island saw whales within a few kilometres from shore until
10 September. There were no systematic surveys between Herschel Island and
the Alaska border (141°W), but other surveys showed that whales were present
there in early September (Fig. 35). Ljungblad et al. (1982) found a
concentration of up to 15 or more whales just east of 141°W on 12-17

September.

The concentrations of whales off the Tuk Peninsula and Mackenzie Delta
in early September were not far from seismic exploration, and some of those

off the Delta were in the general area with three drillships and supporting



Distribution 319

activities. There was also seismic exploration northwest of Herschel Island
in early and mid September, and some of the whales seen just east of 141°W

were close to active seismic boats (Ljungblad et al., 1982).

in the Alaskan Beaufort Sea, the first autumn sighting was on 7
September just west of the Alaska-Yukon border. Single whales were taken by
Eskimos off Barter Island on 8, 11 and 22 September, but survey results
suggested that few whales moved west of Barter Island until about 28
September (Ljungblad et al. 1982). Bowheads were present at least as far
east as Barter Island.as late as 9 October, and were still present in the

central Alaskan Beaufort on 15 October when surveys ended.

Bowhead Distribution and Industrial Activities in 1982

The information for 1982 appears in Figures 39 to 55. The period 1
August to 10 September 1s considered.

Industrial Activities, 1982

The level of industrial activities increased again in 1982. Esso and
Dome continued their operations with greater intensity, and Gulf expanded its
independent operations. Four hopper dredges were operating in 1982 -- two
more than during the summer of 198l. Construction of a subsea berm began at
Nerlérk, where wéter is deeper than at any previous island or caisson site in

the Canadian Beaufort Sea.

Drilling at the Tarsiut caisson-retained island began in winter and
continued until the first week of August. From then until September well
testing and other operations continued; several support vessels were usually
present around Tarsiut 1in August. Three drillships were -at specific
wellsites throughout our stﬁdy period (Fig. 40); the fourth was at Nerlerk
until 28 August and then moved to Orvilruk (Fig. 48).

Two suction and four hopper dredges were active in 1982. Of the former,
the 'Beaver Mackenzie' worked at Itiyok throughout the study period, and the
'Aquarius' alternated between Uviluk and McKinley Bay. The hopper dredges
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'W.D. Gateway' and 'Geopotes IX' worked on the construction of four islands
or subsea berms for caissons: Kadluk and Itiyok in shallow water and Kogyuk
and East Amauligak in deeper water. The 'Hendrik Zanen' and 'Geopotes X'
brought material mainly to Uviluk and Nerlerk, where berms for Dome's semi-
submersible drilling caisson were under construction. Numerous borrow sites
were used (Fig, 40), but Ukalerk was used most heavily. On some days all
four hopper dredges loaded at Ukalerk; after 26 August, ‘Geopotes IX' alone
made about five trips per day carrying fill from Ukalerk to Kogyuk.

The area of frequent vessel movements extended less far to the east and
west but somewhat farther to the north in 1982 than in 1981. There was no
industrial activity off the eastern Tuktoyaktuk Peninsula in 1982, where a
drillship worked in 1981. There were again a few trips west to Herschel
Island, but industrial activity there was reduced from 1981. Vessels went
farther north in 1982 because a drillship operated at Kenalooak, the
northernmost site yet ‘drilled in the eastern Beaufort. Kenalooak was also
drilled in 1980. NICL vessels made one round trip to Prudhoe Bay and several
trips far to the east; dredges occasionally travelled to Banks Island.

Island clean-up occurred at Alerk from mid July to early August.

Seismic exploration by two high—-energy vessels, the ‘GSI Mariner' and
"Arctic Surveyor', was primarily off the Mackenzie Delta and Yukon coast.
The 'Cammar Teal', using a small (300 cu in) array of airguns, worked mainly
in 14 small areas, primarily off the Delta and north of Tuktoyaktuk (Figs.
41, 45, 49, 55), Relative to 1981, seismic exploration was more extensive
off the Yukon coast and less so off the Tuk Peninsula. It was extensive off

the Delta in both years.

Low—energy sounding was done from seven vessels operating at about 26
locations, most <1 km? in size. Sounding sites were 15-85 km from shore

off the Delta and western Tuk Peninsula.

Helicopters travelled frequently from Tuktoyaktuk and occasionally
McKinley Bay to the various offshore sites. Helicopter traffic, like vessel
traffic, extended less far to the west and east but farther to the north in
1982 than in 1981 (Figs. 42, 50). More helicopters were in use in 1982 than
in earlier years (Table 1).
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Bowhead Distribution, 1982

Bowhead distribution in the eastern Beaufort Sea froﬁ early August to
early September 1982 1is reasonably well documented, but there were fewer
systematic surveys than in 1981, and no coverage of Amundsen Gulf.
Distribution and movement patterns differed from both 1980 and 1981. Surveys
were conducted in the Alaskan Beaufort Sea in August-October 1982 (Ljungblad
1983; Ljungblad et al. in prep.), and some of these surveys extended into the

western part of the Canadian Beaufort.

There was considerable ice off the Yukon coast in 1982, especially after
16 August (Figs. 42, 50). However, to the north of the Delta and Tuk
Peninsula, the southern limit of ice was well north of the shelf break--much
farther offshore than in 1980 or 1981.

In early August 1982, we found bowheads in open water northwest of the
Mackenzie Delta and in pan ice north of Herschel Island (Fig. 39). Ljungblad
et al. (in prep.) found bowheads northwest of Herschel Island, just east of
the Alaskan border (Fig. 39). Intensive coverage within the main industrial
area and limited coveragerarther north and east found no bowheads (Fig.
39). Many of the whales off the Delta were travelling west. They were
somewhat beyond the main area of industrial activity; the sighting closest to
any active offshore site was 21 km north of Tarsiut. However, there was
seismic exploration in th;s area, and on one day seismic noise was measured
near whales (Richardson et al. 1983b). | Almost all whales seen 1in early
August were on the outer part of the continental shelf or the shelf break

(depths about 40-600 m).

Distribution in early August was very different in 1982 than in 1980,
when there were many whales in the shallow waters of the industrial area just
off the Mackenzie Delta. Distributions in 1981 and 1982 were more similar,

but in 1981 the whales were more widespread on the outer shelf and shelf

break, and they seemed to be travelling south rather than west.
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Bowheads were also present well offshore from the Barter Island, AK,
area in early August 1982 (D.K. Ljungblad, pers. comm.). Bowheads were not
found in the Alaskan Beaufort in August of 1980-81, but in those years the
August survey coverage rarely extended far offshore (Ljungblad et al. 1982).

In mid August 1982, many bowheads were near Herschel Island, and there
were apparently considerable numbers well to the north and northwest of
Herschel Island (Fig. 43). Most of these sightings were either close to or
in pan ice. The whales generally either der for long periods with little
travelling, or remained quiescent at the surface (Wiirsig et al. 1983). The
only sightings within the main industrial area were of two whales in water
<10 m deep south of Tarsiut. Limited coverage north of the industrial area
found few whales, and the only ones found to the east were near Cape Bathurst
(Fig. 43). Whether there were many bowheads beyond the edge of the

continental shelf to the north and northeast is unknown.

Many whales were rather close to shore in mid August, but almost all of
these’were NE of Herschel Island or Cape Bathurst, where deep water occurs
near shore (Fig. 46). Few whales were in water <50 m deep. Although very
few whales were in the main industrial area, whales near Herschel Island were
exposed to noise from seismic exploration farther offshore (Fig. 45).
Seismic noise levels as high as 133 dB//1l juPa-~up to 40 dB above
ambient--were recorded near whales off Herschel Island on 16 and 18 August

(Greene 1983; Richardson et al. 1983b).

Distributions were very different in mid August 1980, 1981 and 1982. 1In
1980, whales were abundant in shallow water off the eastern Delta and western
Tuk Peninsula. In 1981 they were not found there, but were widespread
farther to the NW, N and NE. 1In 1982, they were most abundant near Herschel
Island. |

In late August 1982, there were still many bowheads near Herschel Island
but others were found from west of Herschel Island to Cape Bathurst (Figs.
47, 51). Some additional whales were found in the Alaskan Beaufort Sea at
this time (Ljungblad, pers. comm.). Whales were particularly numerous at the
steep shelf break north of the Mackenzie Delta; there the water depth
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increases from 100 m to 500 m within a few kilometres (Fig. 46). This is the
same area where bowheads were most abundant in early August 198l1. A few of
the 1982 sightings were within the main industrial area, but whales were much
less frequent there than near Herschel Island and on parts of the outer shelf
(Figs. 47, 51). |

The results in Figure 51 are from the systematic survey of Harwood and
Ford (1983). Their westernmost l4 transects were surveyed on 18-19 August,
and the remainder on 22-24 August. They conservatively estimated that there
were at least 1224 whales in the parts of the Yukon zone that they surveyed,
256 in the Delta zone, and 459 in the Tuk Peninsula zome. These estimates
are conservative because the northern parts of each zone (as defined by Davis
et al. 1982) were not sampled and because correction for missed animals was
only partial. Also, the correction factor for percent of time below surface

was based on behavioral observations in 1981, not 1982.

Distribution in late August was generally similar in 1982 to that in
1981, although more 'clumped'. Distribution in late August of 1980 was very
different, with many whales being in shallow water off the eastern Mackenzie

Delta and particularly off the western Tuk Peninsula.

In early September 1982, bowheads still were abundant off Herschel
Island, but none were seen during our limited non-systematic coverage
elsewhere (Fig. 53; from Davis et al. 1983). Ljungblad et al. (in prep.) saw
a few whales northwest of Herschel Island (Fig. 53). On 5-13 September,
Harwood and Ford (1983) conducted another systematic survey from west of
Herschel Island to the eastern end of the Tuk Peninsula and north at least to
the 100 m contour (Fig. 52). They found many whales NE of Herschel Island,
mainly between the 50 and 200 m depth contours, and smaller numbers NW of
Herschel Island. Farther east, there were only a few scattered sightings.
However, there was no coverage beyond the shelf break in the Delta or Tuk
Peninsula 'zones. Harwood and Ford estimated, again conservatively, that a
least 1112 whales were in the surveyed parts of the Yukon zone, 163 in the

Delta zone, and 115 in the Tuk Peninsula zone.
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Very few whales were in the area of drilling and island construction
during early September. However, the areas of greatest whale abundance, near
Herschel Island, were probably ensonified by seismic noise (Fig. 55), as they
definitely had been during mid August.

The one consistent feature of distribution in early September of 1980-82
was the occurrence of whales off Herschel Island. Bowheads seemed to be
especially numerous there in 1982. Few were found off the Delta and Tuk
Peninsula at this time in 1982, whereas in 1981 there were many, including
some not far offshore from the Tuk Peninsula. Bowheads were also more

abundant far off the Tuk Peninsula in early September 1980 than in 1982.

Bowhead Distribution before 1980

Before 1980, no studies directed specifically at bowheads were conducted
in the Canadian Beaufort Sea. The very limited information available from
previous years came from (1) the period of commercial whaling (1890-1910),
(2) opportunistic observations during recent studies of topics aside from
bowheads, and (3) reports by industry personnel working offshore. Sightings
during summers up to 1978 ére documented by Fraker et al. (1978) and Fraker
and Bockstoce (1980). Sightings during the summer of 1979 are described by
Fraker and Fraker (1979). 1In this section we summarize only the information

that can be compared with the more comprehensive results from 1980-82.

The only large scale summer survey of the eastern Beaufort Sea done
before 1980 was in 1974. That study by Renewable Resources Consulting
Services Ltd. for the Canadian Wildlife Service was designed to survey water-
birds. Hence the aircraft flew at only 45 m a.s.l. (Searing et al. 1975).
Despite repeated and extensive offshore coverage each month, very few
bowheads were recorded--only three in July and three in August; slightly more
in May and June (Fraker et al. 1978).

The scarcity of bowhead sightings during the 1974 surveys was doubtless
partly attributable to the low survey altitude and the fact that birds were
of primary interest. However, bowheads have often been found during low

altitude surveys for birds in the eastern Canadian arctic (Davis and Koski
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1980). The extremely heavy ice conditions in the eastern Beaufort in 1974
were probably a factor in reducing detectability of bowheads during the
surveys, and perhaps also affected bowhead distribution. Whatever the
explanation, sightings were too scarce to document bowhead distribution that

year,

The area of shallow water off the eastern part of the Mackenzie Delta
and western Tuktoyaktuk Peninsula is the one part of the Canadian Beaufort
Sea where there has been some study of bowheads each year since 1976. In
1976, many bowheads were seen in water <15 m deep during the first half of
August, with a few others later (Table 2; Fig. 56; Fraker 1977a). About
35-45 were seen on 10 August alone. In the previous four years of study in

the same area, no bowheads were reported.

Table 2. Bowhead sightings off the eastern Mackenzie Delta and western
Tuktoyaktuk Peninsula in the summers of 1976-802.

Systematic Offshore

Incidental Sightingsb ; Surveys, 1-15 Aug Dates Observed
# of # of # of Density :

Year Sightings Bowheads. Bowheads (/1000 km2) - First Last
1976 15 46 - = 3 Aug 16 Sept
1977 26 98 - - ' 26 July 17 Sept
1978 5 58 1¢ 0.5 26 July 14 Sept
1979 1 ‘ 6 1 0.5 8 Aug 9 Sept
1980 18 136 139 41,0 ' 2 Aug 11 Sept

4 gSources: Fraker (1977a,b, 1978), Fraker et al. (1978, 1982), Fraker and
Fraker (1979), Fraker and Bockstoce (1980), and P. Norton (unpubl.).
Sightings by industry personnel and biologists, excluding sightings during
the systematic offshore surveys and during specific studies of bowheads.

€ Plus sightings totalling 4 whales on 26 July 1978.

Similarly in 1977, there were 26 sightings totalling almost 100 bowheads
in water <15 m deep off the Delta and western Tuk Peninsula between 26 July
and 17 September (Table 2; Fig. 56} Fraker 1977b). Many of these sightings
were from vessels that were travelling farther offshére than was common in
previous years. Opportunities for observations thus were increased. None-
theless, the sightings show that numerous  whales dié occur in the shallow

waters of the Mackenzie estuary in 1976 and 1977."
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In 1978, there were fewer incidental sightings in the shallow waters off
the Delta and western Tuk Peninsula-—only five sightings of a total of 58
whales., All were seen from 7 to 14 Séptember in water 11-18 m deep (Table 2;
Fig. 56; Fraker 1978). Opportunities for observation in August 1978 were
similar to those in 1977, when many whales were seen. Also, from 26 July to
8 August 1978, Fraker conducted four systematic and intensive aerial surveys
out to about the 50-60 m isobath off the eastern Delta. Only five whales
(0.9 per 1000 km?) were found, all near the 50 m isobath (Fig. 56). Only
one of these was seen during the two August surveys (0.5 per 1000'km2).
Bowheads clearly did not méve into shallow water off the eastern Mackenzie

Delta as early in 1978 as in 1976 or 1977.

Similarly, in 1979, only one bowhead was seen during three systematic
surveys off the Delta on 21 July-8 August (Fig. 56; Fraker and Fraker 1979).
These surveys were of about the same area as in 1978. The uncorrected
density was 0.3 per 1000 kmz, or 0.5 per 1000 km? during the two
August surveys. Industry personnel reported only ome sighting im 1979--six
or more bowheads in 12 m of water on 9 September (Fraker and Fraker 1979).
Much of the industry activity was at Issungnak island, which was under

construction in 18 m of water off the Delta.

In marked contrast to the 1978-79 results, large numbers of bowheads were
in shallow waters around Issungnak in the first half of August 1980 (e.g.,
Figs. 2, 6). Five systematic surveys there on 5-12 August detected an
uncorrected density of 41 bowheads per 1000 km2 (from data in Fraker et
al. 1982). 1Industry personnel in the Issungnak area reported 18 sightings of
a total of at least 136 bowheads.

In summary, studies since 1976 show that the abundance of whales in
shallow waters off the eastern Mackenzie Delta has varied markedly from year
to year. Bowheads were numerous there in August 1976 and 1977, infrequent
until 7 September in 1978, and infrequent in 1979 (Fig. 56). They were
abundant there in 1980, infrequent in 1981 (although more common in mid
August 1981 off the central Delta), and rare or absent in 1982.
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DISCUSSION

The preceding material shows that the distribution of bowheads in the
eastern Beaufort Sea varies greatly both within and between summers.
Nonetheless, some consistent patterns are evident. These patterns are
summarized here before we consider the possible relationships of changes in

distribution to industrial activity and other factors.

Seasonal and Annual Trends in Distribution

Few bowheads occur in the shallow waters off the Mackenzie Delta and
Tuktoyaktuk Peninsula ‘before 1 August, based on our systematic results from
1981 and the scarcity of incidental sightings in other years. In late July
1981, some bowheads were in Amundsen Gulf, some well to the west off the
Yukon coast, and others far to the north 6f the Delta, near the edge of the
continental shelf. The majority of the population was not detected and was

believeﬁ to be in the pack ice far to the north.

These results are only partly consistent with sightingé by commercial
whalers about 80 years ago (Fraker and Bockstoce 1980). Bowheads were then
found in the extreme eastern Beaufort Sea, e.g. off Cape Bathurst, in early
summer. Whales were first found on the outer part of the shelf north of the

Delta and Tuktoyaktuk Peninsula in early August. Fraker and Bockstoce
‘suggested that these whales were migrating west. However, many might have

been migrating south from deeper, ice-covered waters; most of the population
was apparently in those ice-covered waters in late July 1981. The whalers'
logbooks provided no evidence about whales either far to the nqrth or off ﬁhe
Yukon coast in early summer, when these areas usually were inaccessible to

whalers because of ice.

In August, many bowheads move iﬁto shallower waters in theISOutheastern
Beaufort Sea. However, the timing of this movement and the locations of
concentrations vary from year. to year. In 1980, many whales appeared in
shallow waters (15-35 m) off the Mackenzie Delta around 2 August. This
concentration did not occur in early August of 1981 or 1982. Fragmentary

evidence from 1976-1979 indicates that numerous whales appeared in shallow



Distribution 340

waters off the Delta at about this time in 1976 and 1977, but not in 1978 or
1979. There 1is no information about the direction from which the whales
arrived in 1976, 1977 or 1980.

Figures 57 and 58 summarize what is known about bowhead distribution in
the eastern Beaufort Sea in early and late August of 1980, 1981 and 1982, We
have categorized the region into areas with zero, low, moderate and high
apparent densities of whales. Because of the widely varying survey
procedures, actual densities often were not known. Hence, the categorization
has been done subjectively from the 1-10 August aﬁd 22-31 August sighting
maps in the Results. Areas with widely separated sightings of 1-3 whales
were designated as low density areas. Those with frequent sightings of 1-3
whales were treated as moderate density. Areas with sightings of large

groups of whales were treated as high density.

In early August of 1981 and 1982, the largest known concentrations of
bowheads were farther offshore than in 1980 (Fig. 57). 1In 1981, the largest
concentration was near the shelf break about 125 km offshore from the Delta,
although whales were distributed widely at lesser densities on the outer part
of the shelf. The appearance of whaleé along most of the outer shelf off the
Delta and Tuktoyaktuk Peninsula in mid August 1981 (Fig. 29) suggests that
the whales were moving more or less south on a broad front. In early August
1982, whales were not as widely distributed; the only area with sightings was
on the outer part of the shelf off the western Delta and the Yukon coast.

Many of the whales off the Delta were moving west, and some whales were
present on the outer shelf in the Alaskan Beaufort Sea (Ljungblad pers.

comm.) .

In each of the three years studied in detail, the area of peak whale
concentration was closer to shore in mid August than in early August. In
1980 the shift was slight, since the whales were already in shallow water in
early August, but in 1981 and especially 1982 the shift was more dramatic.
In mid August 1982, the only large concentration of bowheads within the
eastern Beaufort Sea was near Herschel Island, off the Yukon coast. In 1981,
the water depth in the areas of peak concentration was also considerably less

in mid than in early August. In 1982, the difference in water depths was not
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large because the area off Herschel Island where whales concentrated is quite
deep. The area of peak concentration in mid August was farther west (and
north) in 1981 than in 1980, and still farther west in 1982.

Distributions in late August were related to those in early and mid
August, and again were quite different in the three years. In 1980, there
was a large area of concentration in shallow and deeper waters off the
Tuktoyaktuk Peninsula and eastern -Delta (Fig. 58A). The center of
distribution had shifted eastward relative to that earlier in the month. Few
whales were found farther west, although survey coverage there was meagre.
In 1981, the areas of greatest abundance were in shallow waters off the
central Delta and in deeper waters near the shelf break off the eastern
Yukon, Delta and, to a greater extent than in mid August, the Tuktoyaktuk
Peninsula (Fig. 58B). In late August 1982, whales were still concéntrated
near Herschel Island, but there were also concentrations near the steep shelf
break off the Delta and, to a lesser extent, off the eastern Tuktoyaktuk
Peninsula (Fig. 58C). |

In each of these three years, bowheads were more broadly distributed in
late than in mid August. In 1980, the concentration of  whales extended
farther eastward and perhaps farther offshore in late August. In 1981,
numbers increased in the Tuktoyaktuk Peninsula zone in late August and
remained high off the Delta. Furthermore, within the Delta zone, the whales
were more uniformly distributed on the outer shelf in late than in mid
August. In 1982, the great majority of sightings in mid August were off
Herschel Island despite broad survey coverage elsewhere; in late August the
Herschel Island area remained important, but whales also were numerous well

offshore in the Delta and the Tuktoyaktuk Peninsula zones.

Distributions differed less among years 1in early Septembef than in
August. Nonetheless, ﬁhere were again considerable year to year
differences. In 1980, numerous whales remained off the Tuktoyaktuk
Peninsula, although farther offshore than in August (Fig. 14). Also, whales
appeared close to shore off Herschel Island. In 1981, whales moved closer to
shore off the Tuktoyaktuk Peninsula in early September than they had been in

August (Fig. 38). There were many whales near Herschel Island, and low
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densities off the Delta and near Cape Bathurst. In 1982, the largest
concentration was near and north of Herschel Island, but there were a few

sightings off the Delta and Tuktoyaktuk Peninsula.

One notable feature of bowhead distribution during early September was
the consistent occurrence of whales as far east as the Tuktoyaktuk Peninsula,
and sometimes to Cape Bathurst (Fig. 14, 38, 52). Although bowheads begin
to appear in the Alaskan Beaufort Sea during or before early September
(Ljungblad et al. 1982; pers. comm.), many remain in Canadian waters in early
and mid September. Davis et al. (1982) estimated that over 2500 bowheads

were in the Canadian Beaufort Sea as late as 7—-14 September in 1981.

Bowheﬁds have been seen off Herschel Island in early September of
1980-82, and were there in especially large numbers in mid and late August
1982. Bowheads also were found near Herschel Island in late summer and early
autumn 70-90 years ago (Fraker and Bockstoce 1980). During the 1970's,
bowheads were often seen along the Yukon coast southeast of Herschel Island
in late summer, but in 1980-82 there were many fewer bowheads there than off
Herschel Island.

Distribution in Relation to Industrial Activities

Behavioral studies show that bowheads swim away from approaching boats

and sometimes dive as aircraft fly low overhead. However, bowhead behavior
seems to return to normal after the boat moves away or the aircraft ceases
flying directly overhead (Fraker et al. 1982; Richardson et al. 1983b).
There 1is also limited evidence of avoidance of drillship noise when it first
beging. On the other hand, bowheads have been seen within a few kilometres
of operating drillships on several occasions. Bowheads have also been seen
near dredging operations and in areas ensonified by strong seismic noise;
these whales were not swimming away from the noise sources, although behavior
seems to be altered subtly in the presence of seismic noise on some

occasions.

Although short-term reactions to offshore o1l exploration seem to be

brief or absent, the behavioral studies cannot determine whether fewer whales
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determine whether industrial operations result in a reduced tendency to
return to the area in subsequent years. . Large-scale survey results collected
over a number of years provide the only straightforward way to address these

questions.

In Figure 59, the primary areas of offshore industrial activity in mid
and late August of each year are superimposed on the maps summarizing bowhead
distribution in late August. The boundaries of the.industrial areas are
based on the industrial activity maps in the Results. Industrial activities
have been separated into two types: (1) site specific activities such as
dredging, island construction and drilling, along with vessel and helicopter
traffic in support of those activities, and (2) offshore seismic
exploration. The area with activities of type 1 is referred to here as the

'main industrial area'.

Bowheads and the Main Industrial Area

In 1980, large numbers of bowheads were around the island construction
site at Issungnak in early and mid August (Fig. 2,‘6). Iésungnak was in 18 m
of water off the central Mackénzie Delta. Vessel and helicopter traffic to
the four drillships farther offshore also passed through or near that area of
whale concentration. 'By late August, most whales were somewhat east of the
offshore construction and drillihg sites; however, the western edge of the
whale concentration was near Issungnak (Fig. 594). In general, the only.
known concentration of bowheads in August 1980 was well within the area of
most intense industrial activities for much of the month, and overlapped that

area for the rest of the month.

In 1981, drilling, dredging and the associated vessel and helicopter
traffic extended farther east and west but less far offshore. Most bowheads
remained north or west of the area of ihtense industrial activity (Fig.
59B). The only significant numbers of whales f0und:near industrial sites
were off the central and western Delta in mid and late August. On most days,
these latter whales were 10 km or more to the west of the artificial island
and drillship in the Issungnak area.
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In 1982, there was even less overlap between whale distribution and the
area of intense offshore exploration (Fig. 59C). There were very few

sightings within the main industrial area at any time during the summer.

Thus, over the 1980-82 period there was a strong tendency for bowhead
distribution to overlap progressively less with the area of offshore

dredging, construction and drilling.

In interpreting this trend, it is important to remember thét offshore oil
exploration had been underway in the same general area for several years
before 1980, Esso's island construction program moved into deeper water off
the central Mackenzie Delta around 1976, with the construction of Isserk in
13 m of water. Construction first extended out to a water depth of 18 m in
1978, when construction of Issungnak began. Drillships have operated in the
area each summer since 1976. Thus, the appearance of many whales within the
main industrial area in 1980 occurred some 4 years after offshore operations

in that area became intensive.

It 1is aléo important to note that many whales were seen in shallow water
off the eastern Delta and western Tuktoyaktuk Peninsula in early August of
1976 and 1977 but not in 1978 or 1979 (Fig. 56). In the absence of
systematic surveys during 1976-77, 1t 1is wuncertain how similar the
distribution then was fo that in 1980. In any case, far fewer whales were
seen there during repeated systematic surveys in late July-early August 1978

and 1979 (Fig. 56). Hence, numbers of whales off the eastern Delta in early
August were high in 2 of 4 years before 1980. Within that area, offshore

industrial activity has been intense since 1976.

Thus, bowheads were numerous in the part of the industrial area off the .
eastern Mackenzie Delta in early August of 1976, 1977 and 1980, but not in
1978, 1979, 1981 and 1982. Given the presence of many whales in 1980, there
is no clear trend for decreasing numbers of whales after the onset of intense
industrial activity in this one small area. Unfortunately, no distributional
data were collected in other offshore areas before 1980. Without such data,
it is unknown whether the distributions in 1981 and 1982 were unusual.

’
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If a distribution pattern similar to that in 1980 is found in the next
year or so, then it will be much clearer that oil exploration is not the main
factor responsible for the year to year variations in distribution. If
bowheads remain far offshore in future years, then the contrast with 1976,
1977 and 1980 will become more striking, and a connection with industrial
activity will be more probable.

Bowheads and Areas of Seismic Exploration

From 1980 to 1982, there has been progressively less whale use of areas
with dredging, island construction and drilling, but there has been no

similar trend for decreased use of areas with seismic exploration.

Seismic exploration occurred in the shallow areas off the eastern
Mackenzie Delta every year from 1971 to 1982, including 1976, 1977 and 1980
when many bowheads were present. The 'Arctic Surveyor' operated north of
Kugmallit Bay throughout August 1980 (Fig. 59A). Bowheads were seen as close
as 8 km and 13 km from the ship on two dates (Richardson et al. 1983b). In
early August, when bowﬁeads first moved into the Issungnak area, another
seismic vessel was operating just to the north and northeast (fig. 4). In
early September, whales far offshore from the Tuktoyaktuk Peninsula were
probably exposed to noise from seismic exploration just to the south (Fig.
16) .

In August 1981, there was widespread seismic exploration north of the
Mackenzie Delta and, from mid-month on, the Tuktoyaktuk Peninsula. The
concentrations of whales in shallow wate£ off the Delta and in deeper water
off the eastern Tuktoyaktuk Peninsula in late August were definitely exposed
to strong seismic sounds on some days; some whales off the Delta in early
August were also exposed (Fig. 59B; Richardson et al. 1983b). In mid
September, a concentration of whales off the western Yukon was exposed to

seismic noise (Ljungblad et al. 1982).

In 1982, bowheads that were travelling west off the western Mackenzie
Delta in early August were sometimes exposed to seismic noise, as were the

large numbers that concentrated off Herschel Island in mid August (Fig. 59C;
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Richardson et al., 1983b). There was -probably continued exposure in the
latter area in early September (Fig. 55).

These observations show that many bowheads continued to encounter seismic
exploration in 1981 and 1982, despite the fact that few whales entered the
main area of drilling, dredging, etc, in those years. The occurrence of many
whales off Kugmallit Bay in 1976, 1977 andlparticularly 1980 shows that an
area of intensive seismic exploration i1is not necessarily avoided in
subsequent years. This 1is corroborated by the recurrence of whales off
Tuktoyaktuk Peninsula in late August and early September 1981 and 1982
despite seismic exploration there at those times in 1980 and 1981.

These observationé suggest that seismic exploration has not caused large
scale abandonment of parts of the summer range. However, nothing is known
about the recurrence of specific individual whales at places Qhere they were
exposed to seismic noise in previous years. It is possible that the whales
seen off Kugmallit Bay in 1980 and off the Tﬁktoyaktuk Peninsula in late
sumer of 1981-82 were not the same ones that were there in previous years.
The recent development of techniques for recognizing individual bowheads
(Davis et al. 1982, 1983) proﬁides a method by which this question can be

addressed.

Natural Factors Affecting Bowhead Distribution

The predominant activity of bowheads in summer is feeding.' Analyses of

food abundance in relation to energy demands show that bowheads must
concentrate their feeding in areas of above—~average plankton abundance
(Brodie 1981; Griffiths and Buchanan 1982). - The latter authors have
demonstrated that copepod abundance in areas with bowheads tends to exceed
that in other areas nearby. Copepods and euphausiids are apparently the main
food items for bowheads in the Alaskan Beaufort Sea during early autumn
(Lowry and Burns 1980), and presumably are also important to bowheads in
summer., Thus, factors affecting the availability of these and other food
organisms in the eastern Beaufort Sea probably have a strong influence on the

distribution of bowheads.
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There has been little quantitative study of zooplankton in the Canadian
Beaufort Sea, and no specific study of year-to-year variations in its
abundance in different parts of the area. Thus, it is impossible to assess
whether the observed year—-to-year variations in bowhead distribution have any

connection with variations in zooplankton abundance.

Mackenzie River Influence. —~ Geographic and temporal variations in
zooplankton abundance are especially likely in the nearshore area most
strongly influenced by freshwater input from the Mackenzie River. The river
water affects salinity, temperature, turbidity and nutrient content of the
water over a wide area of the southeastern Beaufort Sea. Each of these can
affect zooplankton abundance. 1In general, zooplankton biomass is much lower
in brackish areas of the Mackenzie estuary than farther offshore (Grainger
1975; Griffiths and Buchanan 1982). At particular locations 1in the
southeastern Beaufort Sea, characteristics of the water mass, and probably of
the zooplankton, vary dramatically because of seasonal variation in volume of
flow from the Mackenzie. Shorter—term variations in salinity and temperature
can occur because changes in wind cause different patterns of water movement
off the Delta (Herlinveaux and de Lange Boom 1975; MacNeill and Garrett
1975) .

Year-to-year differences in river output probably also affect the size of

the area influenced by freshwater outflow. Interestingly, river flow
increased progressively from 1980 to 1981 to 1982, coincident with the trend

{
for decreasing numbers of bowheads in the area off the Mackenzie Delta.
Whether there was any causal connection mediated by zooplankton abundance is

unknown.

Shelf Break. —— Over the 1980-82 period, concentrations of bowheads have
been seen in water depths ranging from <20 m to several hundred metres.
Sometimes most bowheads were believed to be in deep waters off the shelf
because of their scarcity in surveyed shelf areas. It is now clear that
bowheads do not concentrate in waters <50-100 m deep as regularly as

suggested by Fraker and Bockstoce (1980).
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Despite this variability, water depth apparently is another factor that
can influence bowhead distribution. On several occasions in 1981-82,
bowheads concentrated near the 'shelf break', where water depths increase
especially rapidly. Alignment of bowheads along the shelf break was evident
in August 1981 (particularly in early August) and in late August 1982 (e.g.,
Fig. 21, 29, 47). Davis et al. (1982) suggested that upwelling or some other
factor leading to enhanced plankton abundance may be responsible for the

tendency of summering bowheads to concentrate at the shelf break.

Ice. —— The role bf ice conditions ih determining the summer distribution
of bowheads is not clear. In late spring when bowheads first arrive in the
eastern Beaufort, extensive open water is usually restricted to the eastern-—
most part df the Beaufort Sea: off the west coast of Banks Island, in western
Amundsen Gulf, and parallel to the Tuktoyéktuk Peninsula (e.g., Fraker
1979). Many bowheads travel eastward through leads and cracks in the pack

ice to these open water areas (Fraker 1979; Fraker and Bockstoce 1980).

Whether all the Western Arctic bowheads travel far east to the open water
is unknown. If they do, then it is clear that a large proportion of them
must return westward into the pack ice in mid summer of at least some years,
such as 1981. However, it is probable that many whales remain in the pack

ice in the Beaufort Sea throughout early summer.

The area of open water in the eastern and southeastern Beaufort Sea tends
to expand westward and northward as the summer progresses. However, even in
late summer the northern and western parts of the Canadian Beaufort usually
contain considerable pan ice (see maps in Results). Many of the whales seen
in late summer of 1981 and 1982 were near or in ice. The concentration of
whales off Herschel Island in 1982 formed in the absence of ice, but remained

there after extensive pack ice blew into the area around 16 August.

The southern edge of the pack ice was only a few kilometres north of the
concentration of whales along the shelf break in early August 1981. Thus,
ice as well as the sharp change in water depth may have influenced the
distribution of whales or_théir food organisms. It is known that upwelling

sometimes occurs along pack ice edges (Buckley et al. 1979). However, there
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was little ice near the concentration of whales along the shelf break in late
August 1982,

Clearly, the distribution of bowheads summering in the eastern Beaufort
Sea may be influenced by several naturally varying factors aside from any
influence of industrial activity. A further complication is that industrial
activities may affect some of the natural factors. For example,
hydroelectric developments far away on tributaries of the Mackenzie River are
expected to produce significant changes in the flow of the river. This
could, in turn, affect the locations of peak zooplankton abundance off the
Delta. It 1is doubtful that the overall productivity of the area would be
altered enough to affect bowheads. However, the distribution of that
productivity might. change enough to confound interpretation of the role of

offshore o1l exploration in affecting bowhead distribution.

At present,'detailed data on bowhead distribution have been collected for
only three years. This has been 1long enough to documént pronounced
year—to—-year changes in bowhead distribution, but not long enough to allow a
judgement about the role of offshore oil exploration in affecting that
distribution. If studies over the next year or so.show that bowheads return
to the main industrial area as they did in 1980, then there will be strong
evidence that oil exploration has not excluded bowheads from part of their
range. The case will be especially strong if some of the recognizable
individuals return to industrial areas where they have been seen in previous
years. On the other hand, if a distribution similar to that seen in 1980
does not recur soon, then there will be increasing reason for concern about
possible long-term effects of oil exploration on bowheads. In either case, a
better understanding of the interrelated roles of river flow, wind, ice and
upwelling in affecting plankton abundance and bowhead distribution may be
necessary before firm conclusions about effects of industrial activity on

bowhead distribution can be drawn.
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