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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. Bowheads are considered

endangered under U.S. legislation.

Bowheads of the Western Arctic population, the .one group occurring in
U.S. waters, winter in the Bering Sea, summer in the eastern Beaufort Sea,
and migrate around western and northern Alaska in spring and autumn (Fig. 1,
inset). The size of this population was much reduced by intensive commercial
whaling between 1848 and 1914 (Bockstoce and Botkin'1983). The extent of the
summer range was apparently also much reduced (Dahlheim et al. 1980; Fraker.
and Bockstoce 1980). A subsistence harvest continues annually in Alaska.
The International Whaling Commission's current 'best estimate' of the stock

size is 3857 individuals (I.W.C. 1983).

The spring migration of Western Arctic bowheads is close to shore in the
Chukchi Sea, but well offshore in the Alaskan Beaufort Sea (Braham et al.
1980, 1984; Ljungblad et al. 1982a). Thué,;ﬁhe easfward spring migfation
through the Alaskan Beaufort Sea in April-June is well north of the area of
0il exploration near the coast. ' However, during the westward autumn
migration in August-October, many bowheads occur close to shore, within or
near some offshore 0il leases (Ljungblad et al. 1982a; Braham et al. 1984).

From May to early September, the great majority of the Western Arctic
bowheads are in Canadian waters (Fraker 1979; Fraker and Bockstoce 1980;
Davis et al. 1982). Intensive offshore oil exploration began several -years
earlier in the Canadian part of the Beaufort Sea than in the Alaskan
portion. Offshore drilling 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 and around that area (Riéhardson et al. 1983a).
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the main sites of offshore industrial activity in August and
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symbols) . Some of the 1983 sites were also active in
1980-82. 1Inset: Generalized pattern of seasonal movement of

the Western Arctic population of bowhead whales.
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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 o0il exploration. However, there have been few detailed or
controlled studies of these reactions. Controlled studies are especially
desirable - because whale behavior is quite variable. In the absence of
experimental control, it is difficult to determine whether a change in
behavior is 'natural' or a response to some human activity. Long—-term
effects of offshore industrial.activities on.whales are even more difficult
to study. The literature on these topics has been reviewed recently. by
Fraker and Richardson (1980), Geraci and St. Aubin (1980), Acoustical
'Society‘of America (1981), Gales (1982), Malme et al. (1983), and Richardson
et al. (1983b).

Noise is one attribute of offshore oil exploratién and development that
may affect whales. Unlike major oil épills, noise is an ongoing component of
normal offshore operations. Noise is introduced into the sea by most of the
offshore activities associated with the o0il industry, including boat and
aircraft traffic, seismic exploration, dredging and drilling (Acoustical
Society of America 1981; Greene 1982, 1983; Richardson et al. 1983b). Many
of the sounds produced are at rather low frequencies (below 1000 Hz). This
is the frequency range of most bowhead calls (Ljungblad et al. 1982b; Wursig
et al. 1982). Hearing sensitivity of baleen whales has not been measured,
but the predominance. of low frequency calls (Thompson et al. 1979) plus
anatomical evidence (Fleischer 1976) suggest specialization for detecting low

frequencies.

Sound, unlike light, can propagate long distances through water (Payne
and Webb 1971; Urick 1975). With calm to moderate sea states, noise from
boats, dredging and drilling is readily detectable by instruments, and
probably by bowheads, at ranges of several kilometrés or more (Greene 1982,
1983). 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; Reeves et al. 1983). It is probable,

therefore, that bowheads detect noise from offshore oil exploration and other
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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 industriial activity where a bowhead
could detect industrial noise, there is the potential for disturbance. This
could take at least four interrelated forms: disruption of normal behaviof,
displacement (short- or long-term), physiological stress, or masking of
natﬁrgl sounds. The potential negative effects of these types of disturbance

were discussed at length in the reviews cited above.

The importance of interference with detection of natural sounds is
perhaps the least obvious of these types of potential disturbance. Increased
noise levels reduce signal to nolise ratios and, consequently, the range at
which the sound signal becomes undetectable. Calls by baleen whales seem
important for communication, sometimes over distances of kilometres (e.g.
Tyack and .Whitehead 1983; Watkins 1981). Increased noise levels at
frequencies similar to those of the calls will reduce the distances over
which the calls can be detected. Detection of other environmental sounds may
also be important to bowheads. For example, noise from ice or breaking waves
may be important in finding open water within areas of heavy ice. Industrial

noise may reduce the range to which bowheads can detect such noises, and

_ consequently may delay whale movements in the presence of ice, or even

increase the probability of entrapment by ice.
APPROACH IN THIS STUDY

Because of the endangered status of the bowhead whale, U.S. regulatory
agencies were required, before permitting offshore hydrocarbon exploration in -
Alaskan waters, to assess whether that exploration would harm bowheads.
After consultation among the responsible agencies, it was decided that there
was insufficient information to determine the degree of jeopardy. Hence,
research concerning the acoustic and non-acoustic effects of offshore

hydrocarbon activities on bowheads was deemed necessary.
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Objectives and Tasks

As part of its response, the‘ﬁ.s. Department of the Interior (USDI)
- awarded LGL Ecological Research Associates, Inc., a contract to investigate
various aspects of potential industrial disturbance. This report includes
‘our' results from 1983, the fourth year of the study. Results from 1980-81
and. from 1982 appear in Richardson (1982, 1983). The work was done for two
branchés 6f ‘USDI -- the Bureau of Land Management in 1980-81, and the
Mine:alskmanagement Service in 1982-83. Besides examining bowhead behavior
in the (1) preseﬁce and (2) absence of disturbance, we have also studied (3)
the characteristics of the underwater noise from offshore industrial
activities, (4) the distribution of bowheads in relation to industrial
“activities, and (5) the zooplankton in areas where bowheads did and did not
feed. ~ All five tasks. were considered important in assessing the effects of
 of£shore hydrocarbon explorétion on bowhead whales. The rationale for each

: task was discussed in Richardson (1982, 1983).

Fieldwork in 1983 involved continued work on  all tasks except

-zooplankton:

l.. Disturbance responses: Priority was to be placed on disturbance
experiments- involving noise from seismic exploration, drilling,
helicopters and dredging. In practice, it was possible to conduct
an airgun experiment, drillship and dredge noise playback
experiments, aircraft overflights at different altitudes, and. one
boat disturbance trial. We were also able to observe bowhead
behavior -in the presence of seismic noise and near offshore
industrial sites. ’ '

2. Studies of normal behavior were Sssigned low priority in 1983, but
considerable additional information was obtained because such
observations are often possible when circumstances do not permit
studies of reactions to industrial operations.

3. Characteristics of the industrial noises to which bowheads were
exposed in 1983 were analyzed. '

4. Distribution of summering ©bowheads in relation to industrial
activities was determined by combining our observations during this
behavioral study with results from three other bowhead studies
conducted in the eastern Beaufort Sea in 1983.

Limited studies of zooplankton at locations where bowheads did and did not
feed were conducted as part of this project in 1980-81 (Griffiths and
Buchanan 1982) but not in 1982-83.
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Study Area

The study area has been the same in each yeér of the study: the
southeastern Beaufort Sea, including the area of offshore oil exploration and
surrounding waters to the west, north and east (Fig. 1). Observation sites
were between 127°W and 141°W, and from the shore to 190 km offshore. The
étudy period each year has been from late July or early August to late August
or early September. This area and season were chosen (I) to take advantage
of summer weather, light and ice conditions, (2) because bowheads travel less
and thus are easier to study when feeding in summer than when migrating in
spring or autumn, and (3) because this is the part of the bowheads' range
where offshore o0il exploration 1is furthest advanced. The presence of
extensive offshore o0il exploration provided opportunities for observation

that did not exist in the Alaskan Beaufort Sea.

The eastern Beaufort Sea is largely ice covered from October to June,
but by July_ there - is usually open water south and east of a line from
Herschel Island northeast to Banks Island (Fig. 1). However, wind shifts can
blow much ice back into this area at any time. Most of our work was on
whales in open water, but some was near or in pack ice. In most parts of the
study area, water depths increase very gradually out to the shelf break near
the 100 m contour, and then increase more rapidly to >1000 m (Fig. 1). The

100 m contour varies from 15 to 150 km from shore.

Bowhead distribution in summer is variable within and between years.
Whales occur in both open water and pack ice, both beyond the shelf break and
in water as shallow ‘as 10 m (Fraker and Bockstoce 1980; Richardson et al.
1983a). August and early September are times of peak abundance in shallow

areas. Feeding, socializing and travelling are the main activities.

of fshore drilling in the eastern Beaufort Sea began in 1972, initially
from artificial islands built in a few metres of water off the Mackenzie
River Delta, but after 1976 in deeper water. Each summer from 1976 to 1983,
three to five drillships operated inside the 100 m contour, and artificial

islands and caissons for drilling were completed in waters as deep as 31 m
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(Fig. 1). Dredges were wideiy used in constructing islands. By 1983, five
drillships, six seagoing dredges, ten helicopters and many support vessels
were in use offshore. Offshore seismic exploration occurs in the study area
each summer. At most times in recent open water seasons, two or three
seismic boats using airgun arrays or other high-energy noise sources have
operated in the eastern Beaufort Sea. Each seismic boat produces an intense

noise pulse every 6-15 s,

Approach and Logistics

The general approach in 1983 was similar to that in 1980-82. Whenever
possible, we. conducted ekpérimental teéts of reactions of bowheads to
industrial activities. In these tests, we compared behavior of a specific
group of bowheads before, during and after exposure. This method is more
sensitive than uncontrolled observations of some whales in the presence of
the industrial.activiﬁy and others in its absence. Many factors aside from
industrial activity may differ between groups of whales observed at different
places and times. However, the uncontrolled observations were also of
interest. For example, they showed that some bowheads approachedpfulb-scale
industrial sites that could not be simulated adequatel& Aﬁring experiments.
Behavior of undisturbed bowheads was studied before and after disturbance

experiments, and on other occasions when experiments were not possible.

Logistic support in 1983 consisted of observation aircraft and the same
12.5-m boat (MV 'Sequel') used in 1981-82. Two aircraft were used: a Twin
Otter on 1-12 August and an Islander on 14 August-l September. Most
behavioral observations were from the aircraft. The aircraft crew also
dropped sonobuoys to record underwater sounds from industrial sources and
bowheads. The main functions of the boat were to conduct disturbance
experiments and to record underwater sounds. Both the boat and the aircraft

crew were based at Tuktoyaktuk, N.W.T., as in past years.

Shore-based observations were attempted at Herschel Island and King
Point (Fig. 1) in 1980-81 but not in 1982 or 1983. Many whales had been seen
near King Point in 1976 (W.R. [Koski in Fraker and Bockstoce 1980), but
virtually none were there in 1980-82. As events developed, 1983 proved to be

the one year when shore-based observers could have collected valuable data on
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disturbance responses of bowheads. Bowheads occurred at King Point in mid
and late August 1983, and much of our aircraft- and boat-based work was in

this area.

In last year's report, we analyzed the distribution of summerihg
bowheads during 1980-82 relative to industrial 'activities in those years |
(Richardson et al. 1983a). (Systematic information about bowhead
distribution in the eastern Beaufort Sea was not obtained before 1980.) The
objective of the analysis was to assess whether there was any evidence of
long-term displacement of bowheads from the area of o0il exploration. It was
recognized that a 3-yr serieé of data beginning after offshore oil
exploration began would probably be inconclusive, and this was in fact :the
case. Whéles became progressively less common in the main industrial area
from 1980-82, but this could have been attributable either to disturbance or

to natural variation.

In 1983, this study plus three other investigations (McLaren and Davis
1984; Cubbage et al. 1984; D.K. Ljungblad pers. comm.) provided data on the
distribution of bowheads summering in the eastern Beaufort Sea. One
objective of this study was to draw together the distributional information
arising from all four studies. The combined evidence about bowhead
distribution was compared with the distribution of industrial activities in

1983, and with the 1980-82 results.
SUMMARY OF RESULTS

This section consists of slightly amended versions of the Abstracts from
the following four self-contained sections of this volume. Readers planning

to read the Abstracts later in the volume may wish to skip this section.-

Normal Behavior of Bowheads, 1983

The report with the above title (Warsig, Dorsey, Richardson, Clark,
Payne and Wells 1984) describes the 'undisturbed' behavior of bowhead whales
summering in the southeastern Beaufort’ Sea. The emphasis is on the 1983
results, but the report contains considerable integration of results from
1980-83. Detailed accounts of results from 1980-81 and 1982 appear in Wursig
et al. (1982, 1983). ) B
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Behavior of bowhead whales was observed from an aircraft during 15 of 28
flights in the period 1 August to 1 September 1983, mainly near shore in the
Beaufort Sea between Herschel Island (Yukon Terr.) and Richards Island
(Northwest Terr.), Canada. Detailed behavioral observations were made while
we circled over whales for 38.4 h. Bowheads were 'presumably undisturbed'
during 37.0% of the observation time (14.2 h), and these observations of
'normal behavior' are described in the present report. This represents the
fourth consecutive year of detailed behavioral observations of bowhead whales
in the eastern Beaufort Sea in summer. Methods were similar during all four
years.

During most flights in 1983, bowheads were observed near shore in water
5-35 m deep.  Whales dove for brief periods, socialized often, and-—at least
after mid August——-spent time skim-feeding at the surface or apparently
feeding near the bottom. These behaviors were somewhat similar to behaviors
seen in shallow water in 1980 and 1981, Behavior in 1983 differed from that
in 1982, when whales spent most time apparently feeding in the water column
in water >100 m deep. ; :

Social interactions--nudges, pushes, chases, and close proximity--were
observed at a rate similar to that in 1981, less .than that in 1980, and
greater than that in 1982. The rate of social activity in 1983 up to and
including 18 August was higher than after this date. This decrease in late
August was consistent with data from 1980 and 1981 (with too little
information on socializing in 1982 for analysis). There was no consistent
relationship between rate of socializing and depth of water. As in previous
years, socializing whales tended to turn while at the- surface more frequently
than did non—socializing whales. We observed no apparent mating in 1983,
However, during one flight groups of whales interacted with each other by:
rolling and nudging in a fashion. similar to that seen in mating groups of
bowhead whales in spring and right whales in winter. On 31 August, two
whales repeatedly slapped each other with their pectoral flippers and flukes,
and this observation represented the most obviously aggressive interaction we
have noted in four seasons.

We saw 347 underwater blows in 1983, including both 'presumably
undisturbed' and 'potentially disturbed' whales. The rate of underwater
blowing was positively correlated with the rate of socializing. This
suggests that underwater blows are in some manner linked to social behavior.
However, we do not know whether underwater blows represent aggression, as.
believed in southern right whales, or whether they have some other function.

Aerial activity occurred sporadically, and included brief bouts of
tailslaps, flipper slaps, and/or breaches. However, on 22 August, we
observed two longer bouts lasting about 12 min and 75 min. The latter was
the longest uninterrupted bout of aerial activity seen in four years of
observations.

As in earlier years, 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. We obtained
no known resightings on different days. In 1983, few whales near shore had
distinctive white chin patches or patches of white on the tail or tail stock,
and a sample of about 20 of these whales that we measured via photogrammetry
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weré only 7-12 m lohg. Thus, most whales near shore were yearlings and older
subadults.

The mean blow interval for presumably undisturbed non-calves in 1983 was
17.0 + s.ds 13.49 s, n = 866, which was significantly higher than combined
data for 1980-1982. Number of blows per surfacing and duration of surfacings
were significantly correlated, as in previous years. Mean number of blows
per surfacing for non-calves was 3.2 + s.d. 2.37 blows, n = 229; and mean
surface time for non-calves was 1.05 + 1.484 min, n = 248, These values were
much lower than those for 1982, but not significantly lower than those for

1980 and 198l. The mean dive time for non-calves was 1.88 + 2.357 min,; n =
140, shorter than in any of the three previous years.

Several factors were related to surfacing-respiration-dive character—
isticse. Durations of surfacings and number of blows per surfacing were

longer for socializing whales than for nown-socializing whales. Blow
intervals of skim—feeding whales averaged more than twice as long as for
non-feeding whales. Mean duration of surfacing, number of blows per

surfacing, and proportion of time at the surface were higher in skim-feeders
than in others, while mean duration of dives was slightly lower for
skim—feeders than for others. Blow rates, however, were approximately equal
for skimfeedetrs and other whales.

Only 4 or 5 calves were seen in 1983, all in water >1000 m deep on 7
August. Two calves interacted at the surface for at least 5 min. This
represents our only observation in four years of apparent play between
calves. One apparent subadult associated with a mother-calf pair for at
least 40 min. Because we sighted calves only in deep water far unorth of
Herschel Island and not with the many small whales close to shore in 1983, we
surmise that the population was at least partially segregated into (1) mature
animals, including females and calves, far offshore and perhaps in other
areas not searched by us, and (2) subadult whales near the Yukon shore.

Sounds of bowheads were analyzed from 33.7 h of sonobuoy recordings
(11.0 h from presumably undisturbed whales). The types of sounds recorded
were no different from previous years, and, as 1in previous years, the
majority of sounds (85%) were tonal, frequency modulated calls lasting 1-2
s« Most loud pulsive calls were heard during socializing, consistent with
results from 1980-1982. Blow sounds were associated with periods of much
underwater blowing, and slap sounds occurred during periods with aerial
behavior, especially on 22 August.

We have observed considerable year-to-year variation in. the
distribution and behavior of bowhead whales from 1980 to 1983. Aside from
the aforementioned relationship between activities and water depth, no
consistently repeating pattern 1is discernible. A consideration of
year-to—-year variations in the distribution and behavior of other cetaceans

demonstrates that variations in distribution and abundance of prey species
may often be responsible.
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Disturbance Responses of Bowheads, 1983

The report with the above title (Richardson, Wells and Wiirsig 1984b)
describes the behavior of bowhead whales in the presence of actual or
simulated industrial activities. . The report presents the 1983 data in
detail, with some integration of results from 1980-83. The 1980-82 results
were given in detail by Fraker et al. (1982) and Richardson et al. (1983c).

Studies. of the behavioral responses of bowhead whales to offshore oil
and gas exploration were conducted in the Canadian Beaufort Sea from 1 August
to 1 September 1983. This study, on behalf of the U.S. Minerals Management
Service, was a continuation of similar studies ian the same area in late
summer during 1980-82. The general objective was to assess short-term
behavioral responses of. bowheads to noise and other stimuli associated with
boat and aircraft traffic, seismic exploration, dredging and drilling. In
1983, we emphasized reactions to aircraft, seismic exploration and drilling,
but also collected data on reactions to boats and dredging. ’

Methods in 1983 were very similar to those in previous years. Both
‘experimental and oppottunistic methods were used. During experiments, we
tried to observe whales before, during and after simulated industrial
activity. In 1983, we conducted the following disturbance experiments: 3
aircraft, 1 boat, 1l airgun, 3 drilling noise playbacks, and 1 dredge noise
playback. We also observed whales opportunistically in the presence of
aircraft at low altitudes, seismic exploration, a drillship, and a dredge; we
compared behavior in these circumstances with behavior in the absence of
potential sources of disturbance. Most observations were from an Islander or
a Twin Otter aircraft circling at altitudes of 457 or 610 m (1500 or 2000
ft). Underwater sounds from whales and industrial sources were recorded via
sonobuoys dropped from the aircraft and via hydrophones deployed from a
boat. The boat was also used to conduct the boat, airgun and playback
experiments. .

Reactions to aircraft were evaluated mainly by assessing responses to
the Islander observation aircraft. New information in 1983 included (1) three
experiments in which we circled above the same group of whales at two
different altitudes, and (2) subjective interpretation of apparent reactions
to the aircraft. Although no controlled experiments with helicopters were
possible, we twice observed bowheads while a helicopter flew at low altitude
over the whales.

As . in 1980-82, reactions to the observation aircraft were conspicuous
when it was below 457 m above sea level, occasional at 457 m, and
undetectable at 610 m. However, the responses of some whales to the aircraft
circling at 457 m seemed more marked in 1983 than in earlier years, possibly
because of lower ambient noise levels. and/or greater lateral propagation of
aircraft noise in the shallow water where most 1983 observations were
obtained. During 1 or 2 of 3 experiments when the aircraft circled at two
altitudes, mean blow interval was shorter, mean number of blows per surfacing
lower, and mean duration of surfacings shorter when the aircraft was at 305 m
than when it was at 457 or 610 m. Considering all 7 such experiments in
1981-83, only mean blow interval has been significantly different depending
on aircraft altitude (lower mean at lower altitude, p<0.001). During
experiments in 1983, the frequency of pre-dive flexes was also reduced when
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the aircraft was at 305 am. No reactions to the two helicopter overflights
were detected, but conditions were not favorable for detailed behavioral
observations.

In general, sensitivity of bowheads to aircraft seems to vary with
season, whale activity, and perhaps water depth. Bowheads seem more sensitive
to aircraft than are other species of whales.

The one boat disturbance experiment in 1983 employed 'Sequel', the same
12.5-m boat used. in 1981 and 1982. Results were similar to those from
previous boat digturbance trials. Bowheads began to orient away when the boat
was within 4 km. They swam rapidly away from the track of the oncoming boat
as it came closer. Both blow intervals and durations of surfacing were
reduced (p<0.05) when the boat was within 4 km. As in 1980-82, reactions to
the boat were stronger than to any other type of disturbance tested.

We observed bowheads in the presence of noise from seismic vessels on
four days in 1983. One controlled test of reactions to a single 40 in
airgun was done in 1983, replicating two similar tests in 1981. In 1983,
bowheads 26-99 km from full-scale seismic vessels or 3-4 km from the single
airgun exhibited normal activities. There was no evidence that they moved
away from the noise sources. Received levels of seismic or airgun noise were,
at 18 m depth, ~107 to at least 138 dB//1l pPa in 1983. Levels received by
whales at the surface would have been a few dB lower. Spectral and temporal
characteristics of noise received from the one airgun were similar to those
from more distant seismic ships. :

The 1980-82 results suggested that seismic noise may have subtle effects
on surfacing and respiration behavior of bowheads. However, the 1983 results
did not confirm that any behavioral variable is affected consistently by
seismic or airgun noise. When all opportunistic and experimental data from
1980-83 were pooled, surface and dive times, number of blows per surfacing,
and blow intervals did not differ significantly in the presence and absence
of seismic or airgun noise. Considering only the three airgun tests, mean
blow interval was longer with airgun noise (p<0.0l1). Mean surface time and
mean number of blows per surfacing were slightly lower in the presence of
airgun noise during each airgun experiment, but the overall trends were not
statistically significant. We conclude that noise from distant seismic ships
(> 6 km away, received level <160 dB) has no pronounced effect on overt
behavior of bowheads despite the high levels of seismic noise occurring to
ranges far beyond 6 km. Experiments are needed to determine if subtle effects
occur at ranges >6 km, or if pronounced reactious occur when seismic vessels
are <6 km away. : '

There was no drilling from artificial islands in the Canadian Beaufort
Sea during our 1983 field season, but 4-5 drillships were working. There were
very few bowheads in the main industrial area in August 1983. We saw no
bowheads closer than 12 km from a drillship in 1983, but industry personnel
reported one bowhead ~3.7 km from a drillship. Bowheads have been seen closer
to drillships in previous years.

Two drillship noise playback experiments were completed successfully in
1983, replicating two similar tests in 1982. Drillship noise levels received
by the whales during the 1983 tests were 112 dB//l pPa in the 10-1000 Hz
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band; such levels occur ~5 km from the actual drillship. As in 1982, calling
rate decreased and bowheads tended to orient away from the playback site
during playbacks. However, some whales did not orient away, and the dispersal
was not nearly as rapid or consistent as occurs when a boat approaches. Aside
from calls and orientation, other behaviors did not change in any consistent
manner during drillship playbacks.

In 1980, bowheads frequently were seen <5 km from a dredging operation.
In 1983, 1-2 bowheads were seen within a few kilometres of the same suction
dredge for >2 days. We also conducted one playback experiment using noise
from that dredge. No noticeable change in general activities occurred during
the playback. Bowheads were slightly more likely to ‘orient away from the
playback site during the playback than during control periods. This trend was
consistent with results from drilling noise playbacks, but. was of marginal
statistical significance. No other behavioral variables dif fered
significantly during playback and control periods.

Overall, the behavior of bowheads can be affected markedly (but
temporarily) by the close approach of ships or aircraft. Reactions to
industrial activities that coantinue for hours or days, such as seismic
exploration, drilling and suction dredging, are less obvious. Bowheads
sometimes occur close enough to drillships, dredges and especially seismic
boats to be exposed to considerable industrial noise. When seen near these
ongoing operations, bowheads are not swimming -consistently away. However,
playback experiments showed a weak tendency for bowheads to orient away from
sources of drillship or dredge noise when this noise first became evident.
Whether whales that remain near industrial operations are subject to stress
or other negative effects cannot be determined from ‘short-term behavioral
observations. The possibility of long-term displacement is examined in a
different section of this report.

Characteristics of Waterbornme Industrial Noise, 1983

- The report with the above title (Greene 1984) documents the underwater
sounds to which bowhead whales were exposed during the experiments and
observations summarized above. Corresponding results. from 1980-81 and from
1982 were reported by Greene (1982, 1983). The report also includes analyses
of noise from various industrial sources recorded when no bowheads were
nearby. A new feature of the 1983 results was simultaneous recordings of
noise at two or more depths in the water column.

Underwater industrial noises in the Canadian Beaufort Sea were recorded
in August 1983 in support of a study of the behavior of bowhead whales near
actual and simulated oil industry activities. Bowheads are believed to be
more likely to react to underwater sounds than to other stimuli associated
with industrial activities. 1983 was the fourth year of research, which has
always been 1in August. Sounds were again recorded via two systems: (1)
" sonobuoys dropped and monitored from the aircraft used for behavioral
observations, and (2) hydrophones suspended beneath a sparbuoy drifting near
a boat. In 1983, the boat system included hydrophones deployed at depths of
3, 9 and 18 m. This permitted us to compare ambient noise, noise from
aircraft, and noise from in-water sources as received simultaneously at three
depths. Unless otherwise noted, levels quoted below were at 9 or 18 m depth.
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The ambient noise data revealed that very low levels of background noise
sometimes occur in the Beaufort Sea. The lowest levels observed in 1983,
about 0-10 dB below the 'Knudsen sea state zero'’ curve, were recorded in
water 12 m deep with the hydrophone on the bottom. At frequencies below about
20 Hz, noise levels were greater at depth 3 m than at 9 or 18 m. The greater
levels at 3 m probably represented hydrostatic pressure variations due to
surface waves. At higher frequencies there was no apparent distinction iun
levels at the three depths. . '

Measgsurements of aircraft. noise in 1983 included a Sikorsky 61 helicopter
and the Twin Otter and Islander fixed-wing aircraft. used for behavioral
observations. For a large helicopter, the. Sikorsky 61 appeared relatively
quiet, although it did not pass directly over our hydrophones. Its strongest
tone, at 102 Hz, was 95 dB//1 pPa during a pass at altitude 152 m. The
strongest tone from a Bell 212 helicopter at that altitude in 1981 was 109 dB
at 20 Hz. A Twin Otter at altitude 457 m, circling at reduced power, produced
an 82 Hz tone of level 100 dB. All of these values are averages over 4 s.

The Islander flew over . the hydrophones at several altitudes and two
power settings. Received noise 1levels were less with circling than with
cruise power, less at high than at low altitudes, and less.at 9 or 18 m depth
than at 3 m depth. Differences were a few dB in each case. Also, in shallow
water (15 m) the Islander sometimes could be heard continuously as it made a
circle of radius about 2 km. In deeper water, aircraft noise is detectable in
ther water for only a brief period when the aircraft is almost directly
overhead.

Boat. noise recorded in 1983 iacluded the survey boat 'Arctic Sounder’
 (anchored; generators only), the crewboat 'Imperial Sarpik' underway at high
speed, and the project's chartered boat 'Sequel'. As expected, 'Arctic
Sounder' was relatively quiet, with tones from the generators dominating its
sound spectrum. 'Imperial Sarpik' was noisy, with a dominant tone at 195 Hz
(100 dB level at range 2.8 km). 'Sequel' showed a strong family of tones,
evidently originating from its shaft rotation rate and possibly caused by a
damaged propeller blade; we did: not observe these tones in 1981 or 1982,

The geophysical survey ship 'Canmar Teal', recorded while underway at
range 4.6 km, showed strong tones at 52, 291 and 30l Hz. The received level
of the 52 Hz tone was 85, 96 and 99 dB at hydrophone depths 3, 9 and 18 m,
respectively, making 'Teal' potentially as noisy as ‘'Sarpik'. These noises
were from the ship itself, onot the seismic gear. The hopper dredge
"Cornelius Zanen' underway at ranges from 2.4 to 7 km provided noise levels.
from 127 to 100 dB in the 20-500 Hz band. This large vessel produced noise
levels. comparable to those of other large vessels we have studied.

Most seismic survey signals analyzed in 1983 were recorded via
sonobuoys, which can overload and distort with pressure levels as low as 124
dB, depending on frequency.and type of sonobuoy. However, received signal
levels from sources 26-80 km away varied without strong dependence on range,
indicating that other factors (e.g. water depth, properties of the ocean
bottom) strongly affect signal strength at these distances.
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Seismic signals from 'Canmar Teal' at ranges 3 to 10.4 km were received
via hydrophones at depths 3, 9 and 18 m. 'Teal' was using a small array of
three airguns of total volume 5.2 L (320 in3). The signal at 3 m was
generally 4 to 10 dB less than that at 9 m. Levels at 9 and 18 m were not
consistently different. This depth effect was consistent with that for boat
noise; the shallow hydrophone received lower sound levels. In contrast, the
shallow hydrophone received the highest level of aircraft noise.

Noise from three dredges was recorded while they were dredging in 1983.
The noise from  'Beaver Mackenzie' was different than it had been during
measurements in 1980 and 1981; the signals were weaker and the characteristic
tones were missing. This dredge has evidently been modified to some extent
since 1981. Hopper dredge 'Cornelius Zanen' picking up a load at Ukalerk
radiated noise at levels comparable to those from a similar dredge, 'Geopotes
X', measured in 1982. The 10-500 Hz band levels usually were between 140 and
145 dB//1 pPa for ranges from 0.63 to 1.19 km. The suction hopper dredge
'Aquarius' , moored in place at Nerlerk and transferring sand Erom the bottom
-to construct a berm, did not radiate as much noise, but neither was it
underway. At range 0.2 km, its level in the 20-500 Hz band was 139 dB//lpPa
at depth 3 m, 143 dB at depth 9 m and 140 dB at depth 18 m. For ranges from
0.20 to 14.8 km, the relationship between received levels and range followed
cylindrical spreading at all three hydrophone depths, with additional linear
losses of 0.82 dB/km for depth 3 m, 0.43 dB/km for depth 9 m and 0.27 dB/km
for depth 18 m.

The noise levels from the Kadluk construction site were about the same
when recorded at ranges 0.93, 1.8, and 3.8 km. At depth 3 m the levels were
close to 114 dB and at 9 m the levels were close to 117 dB in the 40-1000 Hz
band. About 9 h passed between the times of recording at the 3.8 and 1.8
ranges, and no doubt the activities changed. At the 0.93 km range the noise
levels varied considerably. To avoid noise from a work boat nearby, we chose
a quiet time to analyze. '

Distribution of Bowheads and Industrial Activity, 1983

The report with this title (Richardson, Norton and Evans 1984a)
summarizes the distribution of bowheads summering in the eastern Beaufort Sea
in 1983 relative to the distribution of industrial activities. Results are
compared with a corresponding analysis of data from 1980-82 (Richardson et
al. 1983a). '

Methods. =-— Sightings of bowheads during this and other studies
conducted in the Canadian Beaufort Sea from 1 August to 10 September 1983 are
compiled here onto a series of maps by 10-d periods. Survey routes are also
shown on these maps. For each 10-d period, we include a map showing the sites
of offshore drilling, dredging, etc., along with the approximate number of
boat trips along each route. Additional maps show locations of seismic lines
and low-energy sounding, helicopter traffic, and ice conditionms.

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 boat and helicopter traffic. Seismic exploration occurs over a
wider area, and noise from distant seismic exploration is detectable over a
still wider area.
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Results in 1983. -- In 1983, as in 1982, most bowheads remained outside
the main industrial area. In early August, bowheads were found far offshore
- just east of the Alaska-Yukon border and far north of Herschel Island. These
whales were far outside the main industrial area, but were exposed to noise
from distant seismic exploration. There were only a few sightings in more
easterly parts of the Beaufort Sea.

: In mid and late August, there was. a dense concentration of several

hundred bowheads, most if not all subadults, in shallow water along the Yukon
coast. southeast of Herschel Island. These whales were not exposed to much
industrial activity. In mid and late August there- were also some: bowheads. in
shallow water in the main industrial area, plus a few far offshore near the
Alaska-Yukon border. In addition, during late August bowheads were widely
dispersed off Cape Bathurst and the Tuktoyaktuk Peninsula, mainly outside the
industrial area. '

v In early September, there were many widely dispersed whales off the
Tuktoyaktuk Peninsula, outside the main industrial area but probably exposed
to distant seismic noise. Whales had left the Yukon coast by 6 September, and
few were present in the main industrial area.

Discussion. =-— Qualitatively, bowhead numbers in the main industrial
area in 1980-83 were 'many, some, very few and few', respectively. We
consider the difference between 1982 (very few) and 1983 (few) to be
insignificant. Thus, the trend for reduced utilization of the main industrial
area identified from the 1980-82 data coantinued in 1983.

Intense offshore industrial activity began in the central part of the
main industrial area in 1976. In that area, limited data on bowheads were
obtained in 1976-79. Bowheads were numerous there in the summers of 1976 and
1977, not numerous .in 1978 or 1979, very numerous in 1980, less so in 1981,
-and not numerous in 1982 or 1983. The reappearance of many whales in 1980,
after being scarce for two years, makes it questionable whether the trend
toward reduced utilization of the main industrial area was attributable to
industrial activity. However, the intensity of offshore industrial
activities has increased gradually since 1976, and industry may have begun to
af fect bowhead distribution since 1980.

In 1980-83, seismic exploration occurred over much of the Canadian
Beaufort Sea —-— both within and beyond the main industrial area. Numerous
bowheads were in areas with seismic exploration in 1980-82., Fewer bowheads
were in such areas in 1983, but many whales were apparently exposed to noise
from distant seismic vessels. There was a possible trend for reduced numbers
of bowheads in areas where they were exposed to intense seismic noise im
previous years, but there were important exceptions to this trend.

Bowhead distribution in summer may or may not be influenced by
industrial activities, but some whales still do enter the main industrial
area and other areas with seismic exploration. Aside from possible industrial
effects, bowhead movements probably depend strongly on the distribution and
abundance of zooplankton. Until zooplankton dynamics and resultant effects on
bowheads are better understood, it will be difficult to assess whether
changes in bowhead distribution are partly in response to industrial
activities.
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ABSTRACT

Behavior of bowhead whales was observed from an aircraft during 15 of 28
flights in the period 1 August to 1 September 1983, mainly near shore in the
Beaufort Sea between Herschel Island (Yukon Terr.) and Richards Island
(Northwest Terr.), Canada. Detailed behavioral observations were made while
we circled over ‘whales for 38.4 h. Bowheads were 'présumably undisturbed'
during 37.0% of the observation time (l4.2 h), and these observationé of
'normal behavior' are described in the present report. This represents the
fourth consecutive year of detailed behavioral observations of bowhead whales
in the eastern Beaufort Sea in summer. Methods were similar.during all four

years.

During most flights in 1983, bowheads were osserved near shore in water
5=35 m deep. Whales dove for brief periods, socialized often, and-—at least
after mid August—-—spent time skim—feeding at the surface or apparently
feeding near the bottom. These behaviors were somewhat similar to behaviors
seen in shallow water in 1980 and 198l. Behavior in 1983 differed from that
in 1982, when whales spent most time apparently feeding in the water column

in water >100 m deep.

Social interactions--nudges, pushes, chases, and close proximity——were
observed at a rate similar to that in 1981, less than that in 1980, and
greater than that in 1982. The rate of social activity in 1983 up to and
including 18 August was higher than after this date. This decrease in late
August was consistent with data from 1980 and 1981 (with too 1little
information on socializing in 1982 for analysis). There was no consistent
relationship between rate of socializing and depth of water. As in previous
years, socializing whales tended to turn while at the surface more frequently
than did non—-socializing whales. We Obsérved no apparent mating in 1983.
However, during ome flight groups of whales interacted with each other by
rolling and nudging in a fashion similar to that seen in mating groups of
bowhead whales in spring and southern right whales in winter. On 31 August,
two whales repeatedly slapped each other with their pectoral flippers and
flukes, and this observation represented the most obviously aggressive

interaction we have noted in four seasons.
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We saw 347 underwater blows in 1983, including both 'presumably
undisturbed' and ‘'potentially disturbed' whales. The rate of underwater
blowing was positively correlated with the rate of socializing. This
suggests that underwater blows are in some manner linked to social behavior.
However, we do not know whether underwater blows represent aggression, as:

believed in southern right whaies, or whether they have some other function.

Aerial. ac;ivity occurred sporadically, and included brief bouts of
tailslaps, flipper slaps, and/or breaches. However, on 22 August, we
observed two longer bouts lasting about 12 min and 75 min. The latter was
the longest uninterrupted . bout of aerial activity seen in four years of

observations.

‘As in earlier. years, some whales were recognizable by distinctive
features such as unusual thCe pigmentation, or .scars. and marks on the back.
This allowed us to identify individuals for up to several hours. We obtained
no known resightings on different days. 1In 1983, few whales near shore had
diéﬁinctive white chin patches or patches of white on the tail or tail stock,
and a sample of about 20 of these whales that we measured via photogrammetry
were only 7-12 m long. Thus, most whales near shore were yearlings and older

subadults.

The mean blow interval for presumabiy undisturbed non-calves in 1983 was
17.0 + s.d. 13.49 s, n = 866, which was significantly higher than combined
data for 1980-1982. Number of blows per surfacing and duration of surfacing
were significantly correlated, as in previous years. Mean number of blows
per surfacing for non-calves was 3.2 + se.d. 2.37 blows, n = 229; and mean -
surface time for non-calves was 1.05 * 1.484 min, n = 248; These values were
much ldﬁer than those for 1982, but not significantly lower than those for
1980 and 1981l. The mean dive ﬁime for non-calves was 1.88 + 2.357 min, n =
140, shorter than in any of the three previous years.

Several factors were related to surfacing-respiration-dive character-
istics. Durations of surfacings and number of blows per surfacing were
longer for socializing whales than for nonmsocializing whales. Blow
intervals of skim-feeding whales averaged more than twice as long as for
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non-feeding whales. Mean duration of surfacing, uaumber of blows per
surfacing, and proportion of time at the surface were higher in skimfeeders
than in others, while mean duration qf dives was slightly lower for skim—
feeders than for others. Blow rateé, however, were approximately equal for

skim-feeders and other whales.

Oniy 4 or S calves werelseen in 1983, all in water >1000 m deep on 7
August. Two calves interacted at the surface for at least 5 min. .This-
represents our only observation in four years: of - apparent play between
calves. One apparent subadult associated with a mother-calf pair for at
least 40 min. Becadse we sighte& Eél&es only in deep water far north of
Herschel Island and not with the many small whales close to shore in 1983, we
surmise that the population was at least partially segregated into (1) mature
animals, including females and calves, far offshore and perhaps in other
areas not searched by us, and (2) subadult whales near the Yukon shore.

Sounds of bowheads were analyzéd from 33.7 h of sonobuoy recordings
(11.0 b from presumably undisturbed whales). The typesvof sounds recorded
weré- no different from preQious years, and, as in previous years, the.
majority of sounds (85%) were tonal, frequency modulated calls lasting
1-2 s. Most loud pulsive calls were heard dufing socializing, consistent
with results from 1980-1982. Blow sounds were associated with periods of
much underwater blowing, and slap sounds occurred during periods with aerial

behavior, especially on 22 August.

We have observed considerable year-to—yea}"variacion in the distribution
and behavior of bowhead whales from 1980 to 1983. Aside from the
aforementioned relationship . between activities and water depth, no
consiscently repeating pattern is discer&ible. A consideration of year—to-
year variations in chev distribution and behavior of other cetaceans
demonstrates that variations in distribution and. abundance of prey species

may often be responsible.
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INTRODUCTION

This study was a continuation ‘of research on normal, undisturbed
behavior of the bowhead whale, Balaena mysticetus, summering in the eastern
Beaufort Sea. Results from the summers of 1980, 1981 and 1982 were described
by Wirsig et al. (1982, 1983). As in 1980-82, the obserVacioﬂs of bowhead
behavior in the summer of 1983 were part of a broader analysis of the

potential effects on these whales of offshore oil and gas exploration and
development in the Beaufort éeaw Results from;prev16u8~summersfshowed that
bowhead behavior differs among years. Thus, to interpret the 1983 studies of
the possible effects of industrial activities on behavior, it was necessary
to examine normal behavior during the same season. The other tasks in 1983
were. studies. of the responses of bowheads to various offshore industrial
activities (Richardson et al. 1984b),' studies of the characteristics of
_ waterborne industrial noise (Greene 1984), and an analysis of the

distribution of summering bowheads in relation to industrial activity
(Richardson et al. 1984a). For reviews of previously existing knowledge of
the behavior of bowhead Qhales, see Fraker and Richardson (1980) and Wirsig
et al. (1982, 1983).

Objectives

The two main objectives of the 'Normal Behavior' task for 1983 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 compared, and (2) to provide additional information about normal
behavior, with emphasis on aspects not studied in detail in 1980-82.

Additional pre-disturbance 'control' 1information was cons%déred
essential because the 1980-82 studies showed that bowhead behavior is quite
variable. To recognize and evaluate disturbed behavior, it is desirable to
obtain observations of 'presumably undisturbed" behavior from the same
individual whales immediately before and after the period of potential

disturbance.
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The second main objective of the normal behavior study in 1983 was, in
periods when studies of disturbance effects were not possible, to observe
aspects of ' presumably undisturbed' behavior that had not been studied in
sufficient detail in previous yeérs, of'that showed significant variation
from year to year. Because of the variability in behavior among years, it is
instructive to assess behavior of presunébly undisturbed whales during
several years. An understanding of year to year variability iS'important in
assessing whether whales might be ‘more Suscepcible to disturbance in some-

v_situations or years than others.

" Approach

The general approach in 1983 was’ very  similar  to that in 1980-82.
Background 1nformacdon concerning the ratidnnle and design of the study, and
the choice of the eastern Beaufort Sea as the. study area, is given in the
previous section 'Project Rationale, Design and Summagy, 1983" (Richardson
and Wirsig 1984). As in 1982, no shore~based observations: were collected in
1983.

Field work exténded from | August to 1 September 1983 and, as in
previous years, was based at Tuktoyéktuk,'Northwest,TerriCOries (Fig. 1),
coastal settlement with facilities for personnel, aircraft and boats.
Observations of behavior were conducted from the air and from a boat.
Aircraft-based observers had the advantage of high mobility and a good
vantage point and consequently collected wmost of the behavioral data.
Sonobuoys were dropped frbm the aircraft to allow us to hear and record
bowhead sounds; boat-based observers had hydrophones for this purpose.
Sonobuoys also allowed us to determine when industrial noises were present in
the water. Observations of bowheads in the presence of industrial noise may
not represent undisturbed behavior and héve been excluded from this 'Normal

Behavior' section.
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METHODS AND DATA BASE

Aerial Observations

As' in the previous two years, most of the behavioral observations were
made from the air. From 1-12 August, when the aircraft that we normally use
was unavailabie, we used a de Havilland Series 300 Twin Otter aircraft. The
Twin Otter has two. turboprop engines, higﬁ Qing'configuration, low stall.
speed, .and bubble windows. After 12 August, when most of the 1983
observacions were made, we used the same Britten-Norman Islander aircraft
that was used for behavioral observations in 1980-1982. The Islander has two
piston engines, high wing configuration, and low stall speed. Both aircraft
were equipped with radar altimeters and Very Low Frequency (VLF) navigation
systems, which continuously computed position, usually within 1.8 km of the
real position. Posiﬁioné ;nd flight tracks were recorded manually from the-
VLF syStems. Both aircraft had an endurance of about 5;546.0 h  plus
reserves. :The Islander had a forward—looking radar uéeful for determining
distaﬁées to industrialv sites, shore, etc. Sonobuoys (AN/SSQ=57A " or
AN/SSQ-41B) were deployed and monxtored from both aircraft in order to record
_ waterborne sounds from bowheads and industrial sources (details in Greene
1984).. A hand-held color video camera (Sony HVC-2000) connected to a-
portablé videocassette recorder (Sony SL-2000) was used through the side -
windows. to record oblique views of bowheads.

Ouf usual strategy was to search until we encountered bowheads and then
circle over chém‘as long as possible while making observations. Once coantact
was lost, we searched for another group.' Wé,c:eated a fixed reference point
about which to circle when bowheads were below the surface by deploying a dye
marker (1=2 teaspoons of fluorescein dye in about 1 1litre of water in a
plastic 'freezer' bag which burst on impact with the water). Near the start
of most periods of circling above whales, a sonobuoy was deployed to record

waterborne sounds.

In 1983 we made 28 flights between 1 August and 1 September, and we made
behavioral observations of bowheads during 15 of the flights. Except when

the aircraft required maintenance, we flew twice per day whenever weather
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conditions permitted. However, as 1in previous years, inclement weather
precluded useful observations on about half of the days. "Each flight
typically lasted 4 to 5.5 hours. Total flight duration in 1983 was 113.6

hours, and we observed bowhead whales for 38.4 hours.

We usually did not fly when wind speed exceeded 25 km/h; whales are
difficult to detect and behavior is not reliably observable in more severe
conditions. While searching for whales, we usually flew at 457 or 610 m
(1500 or 2000 ft) above sea level (a.s.l.), and at 185 km/h. In previous
years, bowheads rarely appeared to be disturbed by the aircraft when it
remained at or above 457 m (see Richardson et al. 1983b). However, whales
observed on 17 August 1983 appéared to be disturbed by the aircraft circling
at 457 m, so subsequent observations were from 610 m whenever coanditions
allowed (Richardson et al. 1984b). The greater sensitivity to aircraft in
1983 may have been partly attributable to the shallow water at most
observation locations; lateral underwater propagation of aircraft noise 1is

greater in shallow than in deep water (Greene 1984).

The aircraft crew consisted of four biologists and the pilot. In the
Islander, from which most behavioral observations were obtained, three
biologists were seated on the right side of the aircraft, which circled to
the right when we were obtaining behavioral observations. As in earlier
years, biologists seated in the right front (co~pilot's) seat and in the seat
directly behind it were responsible for describing whale behavior. This
information was recorded onto audiotape and also, on most occasions, recorded
onto the audio channel of the videotape recorder. A third biologist, in the
right rear seat, operated the video camera during most periods while we
circled above whales visible at the surface. That individual was also
responsible for some record keeping, radar measurement of distances to
industrial activities, and overall direction of the work. A fourth
biologist, in the left rear seat, searched for bowheads outside of the circle
on the left side of the aircraft, launched sonobuoys and dye markers, and
operated sound recording equipment. The biologists and pilot were in
constant communication via intercom. The Twin Otter circled to the left
during behavioral observations; three biologists were seated on the left side

behind the pilot and one in the right front (co-pilot's) seat.
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'+

‘We obtained consistent data of 13 types:

l. Location of sighting (and therefore water depth);
2. Time of day;
3. Number of individuals visible in area; number of calves;
4. Individually distinguishing features (if any) on whales;
‘5. Heading in degrees true, turns, and swimming speed of each whale;
6. Distances between individuals (estimated in adult whale lengths);
7. Duration of time at surface and sometimes duration of divej; .
8. Timing and number of respirations, or blows;
9. Indications of feeding° .g., open mouch defecation, aud streaming
from mouth; ; .
10. Socializing;
1l. Underwater blow (releasing a large burst of bubbles underwater);-
12. Aerial activity: breaches, tailslaps, flipper slaps, lunges, rolls;
13. Type of dive: fluke out, peduncle arch, pre-dive flex.,

LI

Water depths were determined by consulting Canadian Hydrographic Service

chart #7650 (1980 printing) and Dome Petroleum Ltd. chart E-BFT-100-03.

A

Descriptions of the' behaviors mentioned above appear later in this report.

In ‘1983, we looked for but did not see several other types of behavior

" recorded in earlier years: play with surface debris or 19g35,probable'matiqg,

and. probable nursing.

The 15, €lights during which we made behaviorai observations in 1983 are
~summarized in Table 1. The ’discributions 6f behavioral observations by
flight, hour of day, and water depth are presented in Figures 2, 3 and 4.
Most observations in.l983 were in shailow wacer,.comparable to water depths
where bowheads were observed in 1980 and very different from depths where

whales were seen in 1982.

The observation times in Figures 2, 3 and 4 are divided into periods

with and without known sources of potential. man-made disturbance in the
observation areas. In this section of the report, with rare exceptions that
are specifically indicated, we describe only the behaVioi observed with no
known potential disturbances. Daﬁa collected during the periods of potential
disturbance are described separately in the 'Disturbance' section (Richardson
et al. 1984b). Whales were classified és"ptesumably undisturbédf‘only‘if
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 detectable waterborne sound. Some . observations were collected when



Table 1. A summary of aertal observations of bowhead behavior, 1983.

Est.
Time Observing Bowheads Depth Est. Number Area Potential
of of Whales Under Disturbance
Start Stop Total Distance From Water —————  QObsg. (and distance
Date MDT MDT hours Shore & Locatton (m) Adults (km?)  from it) General Behavior
7 Aug 16:52 17:33 0.7 109 km NNE of 950 2 20 Seismic (79 km) Unknown
Flc #1 Herschel 1.
17:40 18:59 1.3 128 km NNE of 1370 6 20 Seismic, which Two calves interacting
Herschel 1. stopped at 18:50 actively; trio of mother,
(95-99 km) calf, and subadult travel-
ling rapidly
7 Aug 2144 22:13 0.5 217 km N of 1670 1 1 None Slow travel by lone mother-calf
Flc #2 Herschel I. pair, in small ice-free area
9 Aug 13:34 17:03 3.5 4) km N of 150 12 10 Seismic started Much socializing
Herschel I, at 13:47 (57 km)
15 Aug  10:31 11332 1.0 28 km NE of 12 6 10 None Lone whales moving medium
King Point speed .
12:04 13:21 1.3 43 km NE of 7 6 10 None Some soclalizing
King Point
13:46 14:28 0.7 I3 km N of 30 14 10 None Some socializing, but most
King Point whaled >5 whale lengths apart
17 Aug  09:53 10:09 0.3 61 km NE of 11 2 10 Afrcraft <457 m Unknown
Flt 1 King Point overhead
11:35 13:12 1.6 7 km E of 30 15 10 Atrcraft <457 o Much socializing
) Kay Point for first hour
17 Aug  18:59  22:00° 3.0  2-5 kn E and 16-25  7-10 30 Drillehip play-  Mostly lone whales with
Fle #2 ‘NE of Kay Pt. back experiment unknown behavior
(0.7-3 km) )
18 Aug  11:27 12:36 1.2 16 km NNW of 20 9 30 None Very licttle socializing
Flc #1 Kay Point :
12:36 14:38 2.0 17 km NNW of 12 13 30 Drillship play- Some socializing, some lone
" Kay Point back experimeéiit whales
(0.4-1.7 km) -
18 Aug 19:55 21:41 1.8 6 km NNW of 10 7-20 25 - Boat experlment Socializing, repeated tail
Fle-#2 Kay Point (9 to <1 km) slaps by one whale

Continued..
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Table l. Concluded.
Est.
Time Observing Bowheads Depth Est. Number Area  Potential
. of of Whales Under Disturbance
Startc Stop Total Distance From Water obs. (and distance .
Date MDT MDT hours Shore & Location (m) Adults Calves (km?) from 1t) General Behavier
22 Aug  10:04 11:34 . 1.5 13 km ENE of 18 3-6 0 40 Alrcrafe Aerial activity, possible
Flc 41 King Point experiment bottom feeding, otherwise
unknown ’
22 Aug - 13:46 18:03 4.3 19 km N of 32 9-11 0 15 Drillship playback Mostly lone whales with lictle
Flc #2 King Point (0.8-1.8 km) and or no forward movement, but
alrcraft some brief socializing
., experiments .
26 Aug 16:15 18:45 2.5 1-2 km off 8 5-8 0 10 Boat approaching Skim-feeding
Flt £1 King Point : (6 to. 1.5 km)
26 Aug  20:58 23:24 2.4 2-3 km N of 18 8 0 10 Dredge playback Lone whalés hanging at surface
Flc #2 King Polnt experiment between long dives; occasional
: (0.5-2.0 kny) socializing
28 Aug 09:38 10:02 0.4 26 km ENE of 5 4, 0 10 None Travelling medium speed
King Point
10:04 13:40 3.6. 17 mE and‘kNE 11-12 6 0 25 Airgun expt. Some bottom feeding; lone
of King Point (3-4 km) whales moving medium speed
31 Aug  14:19 | 17:15 2.9 82 km WNW of .19 6 0 10 Seismic (52 km) Bottom feeding and some
' Pullen 1. socializing
1 Sept 15:26 15:29 0.1 82 km WNW of 19 4 0 20 Seismic (31 km) Unknown
Pullen I. . and aircraft
16:28 18:17 . 1.8 82 km WNW of " 19 S 0 20 Seismic (26-30 km) Some bottom feeding, some
Pullen I. and aircraft socializing, long dives

9¢ a0TABUS{ TEBUWION
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our 12.5 m boat was nearby; the whales were considered to be presumably
undisturbed if the boat had been anchored or drifting quietly with engines
off for at least 30 min., In 1983, of 38.4 h spent observing bowheads, 14.2 h
(37.0%) were 'presumably undisturbed'.

The behavioral observations were transcribed from audiotape onto data
sheets during periods of poor weather between observation flights. The
videotépe was also examined at this time to provide additional details not
noted in real time. After the field season,'theée-transcribed observations
were checked again with the audiotape and counverted 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 microcomputer for 'subsequent computer
validation, tabulation, and statistical analysis. The standardized data
files now contain the'folloﬁing:

Year Surfacing Records = Dive Records '~ Total Records

1980 562 - 223 785
1981 778 T 223 1001
1982 312 , 141 _ 453
1983 1401 242 1643

These counts include both presumably undisturbed and potentially disturbed
whales. In 1983, there were 545 surfacing and 154 dive records from

presumably undisturbed periods.

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 12.5 m diesel vessel
'Sequel' based at Thktoyaktuk; The 'Sequel' cruised at about 13-15 km/h and
required about 24 h to travel from Tuktoyaktuk to the usual locations of
bowheads in 1983. The boat crew consisted of two biologists making
behavioral observations, oune acoustician to obtain underwater recordings and

to play back industrial noise, and the captain.
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RESULTS' AND DISCUSSION

'Descriptions of Behaviors

Descriptions of behéyiors have been given in detail in earlier reports
(Wirsig et al. 1982, 1983), and we here summarize  only those descriptions
necessary foi:, an understénding of our analyses of the 1983 results. Unless
" otherwise noted, the descrip‘cioris apply specifically to undisturbed bowheads

exclusive of calves. i

Surface-Dive Sequence

The respirations ofrbowhead/whales are usually not spaced at even
intervals but are clustered together inm. groups. The gr-oups of breaths are
separated by longer periods without breathing ('apneas'). Behavior at the
surface .during chesev breath grc'fmps, depe'nd-s upon overall activity. When
'making a passage', i.e. rﬁigrating or otherwise travelling for relatively
long distances, the breaths in breath groups are separated by short dives.
These short dives have been called series dives (Rugh and Cubbage 1980) to
distinguish them from the long dives between breath groups, called sounding
dives. When bowheads are not travelling, but afe engaged in other behavior
like feeding or socializing, they wusually remain at the surface between
breaths in a breath group, and dive for var‘ying lengths of time between these
surfacings. Most of the bowheads we aqbserved in this study behaved in the
latter manner. As a regult, we discuss only one type of dive, the sounding

dive.

On occasions when a whale made short dives between réspirations, we did
‘not consider its surfacing to be interrupted if it remained visible from the
air. Observers working from low vantage points on ice, shore or a bo'at:,
however, would treat such an occasion different:'ly, because- the whale would
usually be out of their sight as soon as it went below the surface. Thus the
definition of a surfacing and a dive used in this stﬁdy is in part a 'function
of our aerial vantage point. We consider a shallow and brief submergence
during which the whale is in sight from the air as part of a surfacing. 'i'his

is necessary because our aerial vantage point does not always allow us to
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determine whether a whale is at the surface or élightly below it. One must

use cautiou when comparing data collected from dif ferent vantage points.
Blow

A blow is an exhalat;on of air by_é whale. It can occur either above or
below the surface. Most surface blows were probably immediately followed by
an’ inhalation. Underwater blows occurred with high. frequency in 1983, and

are discussed later.

Pre~dive Flex

/

The pre-dive fiex is a distincti?e concave bending of the back, with the
back about 0.5 to 1 m below the level of the rostrum tip and the tail.
Rostrum and tail usually lift slightl& out of water during the flex, and
considerable whitewa:ef may be created at these t§o>boints. The whale then
straightens its back and lies momentarily 'still before arching the back
convexly as it begins; to pitch forward and dowﬁ. ﬁuringv 25 ﬁimed'
observations in 1983, pre—dive flexes occurred a mean of 15;4.I s.d. 12.00 s
before the dive. (All + figures quoted in the text are + 1 standard

deviation.)

During 1983, pre—di;e flexes occurred. in presumably undisturbed aon-
calves beforé 43 of 277 dives (15.5%), and there did not appear to be a
change in the frequency of pre-dive flexes over the study period. Further—
more, there was no significant difference between the durations of dives that
were and were not preceded by pre-dive flexes. This situation was different
from that of 1982, when pre~dive flexes occurfed more often later in the
month of August than earlier, and when dives following pre-di?e flexes were
. about twice as long as those without pre—-dive flexés (Wiarsig et al. 1983).
The differences may be related to the lower incidence of pre-dive flexes in
1983, the very shallow water, and the generally short dives. '

There was no significant.difference in the duratioans of éurfacings with
and without pre-dive flexes in 1983, but there were significantly more blows

during surfacings with pre-dive flexes (surfacings with flex: mean = 5.1 +



Normal Behavior 41

sede 2.77 blows, n = 32; surfacings without flex: mean = 2.9 + 2.19 blows,
n=177; t = 4.89, df = 207, p<0.001).

Dive

During the dive, the whale arches (makes its body convex) and pitches
forward and down. During 51 timed arches in 1983, the arch began a mean of
5.1 + s.d. 8.36 s before the final disappearance of the whale's body-. If the
' anglewof‘dive is steep, the tail is.usually raised above the surface; if not,

the tail may'remain below or just touch the surface. Seventy-six of 390
dives (19.5%) of presumably undisturbed non-calves were preceded by raised
flukes. Of the 43 dives preceded by a flex and the 76 dives preceded by
raised flukes, 18 were preceded by both actions. fﬁese two. pre-dive
:behaviors occurred together more frequently than would be expected by chance
(chi-square = 9.51, p<0.005, df = 1), just as they did in 1982.

There was no difference in the duration of dives depending on whether or
not flukes were raised preceding the dive. However, the mean duration of

surfacings was shorter when ended by raised flukes (mean = 0.80 + s.d. 0.492

min, 0 = 40) than when flukes were not raised (mean = l.11 + 1.614 min,
n = 204; t' = 2.27, p<0.05). [In this report, t' represents the Student's t
statistic calculated assuming unequal population variancese.] Surfacings

preceding raised flukes also showed shorter blow intervalé (mean = 13.97 +
8.434 s, n = 144) than surfacings not ending in raised flukes (mean = 17.97 +
14.796 s, n = 6l4; t = 3,13, df = 756, p<0.002). There was no significant
difference in aumber of blows during surfacings with and without raised
flukes.

Social Interactions

Behavior was termed social when whales (1) appeared to be pushing,
nudging, chasing each other, or otherwise interacting, or (2) were within
one~half body length of one another but not obviously interacting. In the
1983 analysis, we coded and analyzed these two situations separately, with
the realization that animals merely in close proximity may not be socializing
to the same degree as those that are physically interacting. We also
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recognize that whales 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. Details of socializing are given in a later

section.

Recognition of Individuals

. E‘;xcept,..-in:;_ their _->firs:,tv few';,mont:hs._»._:of' life, bowhead. wﬁa;l._es are, buSua.l.ly'
black or- dark grbay w.ith‘. hh_it:e chi‘ﬁf patches. Many iﬁdividua.ls;Aalso have
smaller white dots or lines (some of these presuniably are. scars) on their
~ backs, and a variable amo;.mt: of light skin on the tail peduncle and on the '
tail itself. Davis e.t é.l. (1982, l'983)v s howed that clear photographs allow

for identification of many individuals.

In 1983, as in past years, we were at. times able to identify whales by.
sight, within an observation flight, from distinctive chin patch shapes or
white- marks. on the back or tail, and we we‘re.then able to det.:erminek dive
durations for these individuals. However, few of the whales encountered
close to. shore in 1983 had extensivé 'pat'c)hes of white pigmentation on the
chin or at- the . fl'uke/caud'al region. Davis et al.. (1983) showed that small
juvenile whales tend to have fewer such white marks. t:hah do ‘large adult
whales., We saw few white marks and :a‘lmost: no calves amongst the whales close
to shore and had the general impression that most of those whales were
smaller than adults previously seen. Hence, we believe that these whales
were mostly subadults. This impression was confirmed in a small sample of
whales that we measured by the vertical photography method of Davis et al.
’(1983). The segregation by age is discussed below in the section on mothers

and calves.

’

Respiration and Surfacigg,Charact:eristics

Four characteristics of a surfacing iend themselves to repeated
quantitative sampling: the interval. between blows in a surfacing (blow
interval), the number of blows per surfacing, the duration of surfacing
(surface time) and the duration of dive between surfacings (dive time).

Because these variables are comparatively easy to assess quantitatively, t_:hey
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are suitable for use in analysis of responses to disturbances. -A detailed
understanding of respiration and surfacing behavior wunder undisturbed

conditions is a prerequisite for interpretation of disturbance respoanses.

The measurement of each of these four quantities depends upon how a
surfacing and a dive are defined. In all four years of this study, a
surfacing was defined as the periéd of time when a whale was at the surface
or visible just below the surface. Thus, the shallow 'dives' that often
occurred: for a: few seconds between. blows. were not counted as dives or as
interruptions of a surfacing or 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; these were considered dives if they exceeded an arbitrary
minimum of 60 s. We used an additional convention in 1983 because the water
was usually more turbid than in previous years, which meant that whales were
less easily visible while underwater. Periods of submergence lasting less
than 15 s were not counted as dives unless before submerging the whale lifted
its Elukes out of the water, arched strongly or performed a pre~dive flex.
The ability to see a whale just under the surface of the water depends not
only on the clarity of water, but also on the vantage point from which the
observations are made; thus, some of our definitions would not be appropriate

for observations from shore, ice, or a boat.

Calves, because of their small size, are much more difficult to observe
than are adults when just under the surface of the water. We have analysed
the few observations of calves in 1983 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

and subadults that we observed.

In 1983, we measured the blow interval, aumber of blows per surfaciﬁg,
surface time, and dive time for undisturbed non-calves 866, 229, 248, and 140
times, respectively. Figures 5 through 8 present the frequency distributions
of these observations. Figures 9 to 12 present the mean value for each of
these four variables during each of our observation flights. Table 2

summarizes each of these variables for 1983,
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Table 2, Summary statistics for the principal surfacing, respiration and dive variables in presumably undisturbed bowheads
in 1983, Calves are excluded from every line except that labelled ‘calves'.

Number of .
Blows per Length of Length of Dive
Blow Interval (s) Surfacing Surfacing (win) (min)
wmean S, n mean S.de n mean 8.d, n mean 8ed, n
All non-calves 17.0 13,49 866 3.2 2,37 229 1.05 1.484 248 1.88 2,357 140
Calves 11.5 5.07 4 1.1 0.90 7 0.36 0.478 8 1.98 2,720 17
Adults with calf 18.0 9.29 7 5.0 - 1 V.45 0.259 2 12,18 1.002 2
All others 17.0 13,52 859 3.2 2,37 228 1.05 1.489 246 1.73 2,015 138
Skim-feeding whales 31.7 23,79 120 6.9 3.99 10 5.20 3.636 15 0.93 1.001 16
Botton-feeding whales 11,6 6.02 5 6.0 - 1 - - 0 0,40 - 1
Non~feeding whales 14,5 8.95 651 2,9 2,17 199 0.76 0.586 212 2.03 2,510 115
Socializing whales,
type #18 15,6 9.70 85 4.3 2,46’ 13 1.22 0.711 14 0,62 0,235 3
sociallzlng whales, .
type #2 10,7 5.02 15 3.0 - i 1.11 0,474 3 . 2,34 2,722 2
Non—socializing whales 17.3 13,92 - 766 3.1 2,36 215 1.04 - 1,527 231 1.90 2,381 135
Non-socializing whales, )
excluding skim-feeders 14.6 8.90 646 2.9 2,10 205 0,75 0.584 216 2,03 2,482 119
Single whales \
excluding skimfeeders 14.0 7.89 521 3.0 2.15 151 0.71 0,540 151 2,12 2,466 74
Whales in groups
excluding skim-feeders 15.9 10.93 225 3.0 2.12 68 0.91 0.683 82 1.83 2,451 50
Depth (m) <16 19.4 16,58 459 3.4 2,66 138} 1.32 1.934 131 1.69 1,757 87
16-50 14,0 7.1 392 3.0 2,07 114 0.75 0.568 112 1.83 2,456 49
101-250 21,0 14,13 8 1.7 0.58 3 0,34 0,275 3 1,36 0.389 2
>250 18.0 9.29 7 5.0 - 1 1.45 0,259 2 12,18 1,002 2

8 goctlalizing by activity: touching, chasing, otherwise tnteracting.

Socializing by proximity only: within 1/2 body length.

L% 30TA®ySg TEWION
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Blow Interval

The frequency distribution for blow intervals in 1983 (Fig. 5) was very
similar to that‘obtained'in all three previous years. waever, inv1983_there
was more variability between observation flights (Fig.' 9) than in the
previous years, when blow 1nqervals were quite consistent from flight to
flight. The overall mean blow interval for all_ﬁndisturbed noﬁ-calves-was
significant%y Longe:_invL983 (mean =v17.0v:_3id. 13.49 s, n = 866; range.
4-173 s) than in 1980, 1981, and 1982 combined (mean = 13.5 + 8.46 s, n 