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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 (= Bering Sea) 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 3871 individuals (I.W.C. 1984).

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). Thus, the eastward spring migration
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
of fshore 0il leases (Braham et al. 1984; Ljungblad et al. 1984).

From June 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 o0il exploration began several years
earlier in the Canadian part of the Beaufort Sea than in the Alaskan
portion. Nearshore drilling from artificial islands has been underway in the
south—central part of the summering area since about 1972, with drillships in
use farther offshore since 1976. Seismic exploration began there earlier and
still continues. 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 (Fraker and Bockstoce 1980).

POTENTIAL FOR DISTURBANCE

The scientific literature contains few descriptions of the reactions of
baleen whales to boats, aircraft, drillships, and other activities associated
with offshore oil exploration. Until 1980 there had been few detailed or
controlled studies of these reactions. Controlled studies are especially
desirable because whale behavior is quite wvariable. In the absence of
experimental control, it is difficult to determine whether a change in
behavior is 'nmatural' 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.
(1983).

Noise is one attribute of offshore oil exploration and development that
may affect whales. Unlike major oil spills, noise is an ongoing component of
normal offshore operations. Noise is introduced into the sea by most of the
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FIGURE 1., The eastern Beaufort Sea, study area for this project, showing the
main sites of offshore industrial activity in August and early September,
1980-84. Inset: Generalized pattern of seasonal movement of the Western
Arctic population of bowhead whales.

offshore activities associated with the oil industry, including boat and
aircraft traffic, seismic exploration, dredging and drilling (Acoustical
Society of America 1981; Richardson et al. 1983). 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; Clark and Johnson 1984). 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
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probably by bowheads, at ranges of several kilometres or more (Richardson et
al. 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; Richardson et al. 1983; Reeves et al. 1984). It is probable,
therefore, that bowheads detect noise from offshore 0il exploration and other
offshore industrial operations at rather long distances——much longer than the -
distances to which wvision or other sensory modalities could detect the
industrial activity; '

Within the often-large area around industrial 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 behavior,
displacement (short- or long-term), physiological stress, or masking of
natural 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 noise ratios and, consequently, the range at
which the sound signal becomes undetectable. Calls by baleen whales seem
important for communication (Clark 1983), sometimes over distances of
kilometres (Watkins 1981; Tyack and Whitehead 1983). 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 envirommental 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.

OBJECTIVES AND TASKS

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.

As part of its response, the U.S. Department of the Interior (USDI)
awarded LGL Ecological Research Associates, Inc., a contract to investigate
. various aspects of potential industrial disturbance. The work was
- administered through USDI's Bureau of Land Management in 1980-81, and the
Minerals Management Service in 1982-85. The general objectives were as
follows: . ’ o

l. "Identify and describe, qualitatively and quantitatively, the daily
and seasonal behavior (e.g., feeding, breeding, calving) and
activity patterns of the various age and sex classes of bowhead
whales that occur in the eastern Beaufort Sea, and as it relates to
the U.S. Beaufort Sea lease sale area.
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2. '"Determine, as possible, how and to what extent acoustic and [other]
stimuli from oil and gas exploration/development activities may be
expected to affect the distribution, movements, activities and
activity patterns, and, ultimately, the survival and productivity of
bowhead whales. )

3. "Provide reliable baseline information which, in conjunction with
long-term monitoring programs, can be used to detect changes in
bowhead whale distribution, movements, activity patterns, etc. that
may be caused by offshore o0il and gas development in the Beaufort
Sea. ' ’

4. "Assist ...° (a) [in determining] the seasonal distribution and
movements of bowhead whales in and adjacent' to the Beaufort Sea
Lease Sale Area; and (b) identify and characterize bowhead whale
feeding areas, breeding/calving areas, or other areas of similar
biological significance that may occur in or adjacent to the
Beaufort Sea Lease Sale Area.

5. "Meet the study requirements of the Beaufort Sea, Endangered Species
Act, Section 7 consultation...”

To address these objectives, four main tasks were defined at the start
of the project, and a fifth task was defined in a subsequent contract
modification:

Task 1: Prepare a literature review concerning (a) the distribution,
movements, and activities, of bowhead whales; (b) the stimuli associated with
offshore o0il and gas exploration and development; and (c) present knowledge
of the potential effects of those stimuli on bowheads. Task (1) was completed
in 1980 (Fraker and Richardson 1980).

Task 2: Obtain baseline data on the activities and behavior of bowhead
whales in the absence of sources of potential disturbance. This task was done
because an understanding of the activities of bowheads in the absence of
disturbance was necessary 1in order to interpret their behavior near
industrial activities. There had been no previous study of the behavior of
summering bowheads, and little previous study of behavior at any season. Task
(2) was renewed for the entire S5-year duration of the project. However, in
later years task (2) was a priority only when it provided specific control
data needed for interpretation of disturbance responses.

Task 3: Conduct perturbation experiments and other studies to determine
the behavioral reactions of bowhead whales to offshore o0il and gas
activities. Boat and aircraft traffic, seismic exploration, drilling, and
construction activities were identified as the priority industrial
activities. Both uncontrolled observational work and controlled experiments
were required. Analysis of characteristics of waterborne sounds created by
the industrial activities was considered to be part of the task. This task
was renewed for all five years of the project, although priority activities
changed from year to year as information accumulated about some topics.

Task 4: Determine the characteristics of bowhead feeding areas, with
emphasis on zooplankton and the physical characteristics of the water
masses. This task was limited in scope and was not continued after 1981. We
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found that, in summer, bowheads tended to occur in areas with higher than
average abundance of copepods, omne of the known prey groups (Lowry and
Burns 1980). The final report on this 1980-81 task was Griffiths and Buchanan
(1982); the present volume does not cover this topic.

Task 5: Document occurrence and intensity of industrial activity in the
Beaufort Sea during 1980-84 and, as possible, relate such patterns to recent
trends in behavior and distribution of bowheads. This task was first
identified in 1982; it included a retrospective analysis of existing 1980-81
data plus accumulation of additional data in 1982-84. The main intent was to
assess whether there was any evidence of change in the distribution of
summering bowheads with respect to the main area of offshore oil exploration
in the eastern Beaufort Sea.

The present report summarizes the results pertaining to tasks (2), (3),
and (5). Results from task (2) are covered in the 'Normal Behavior of
Bowheads' section of this report (Wirsig et al. 1985). Results from task (3)
are covered in the 'Disturbance Responses of Bowheads' section (Richardson et
al. 1985¢) and in the 'Characteristics of Waterborne Industrial Noise'
section (Greene 1985). Task (5) is covered in the 'Distribution of Bowheads
and Industrial Activity' section (Richardson et al. 1985a). The present
report is a self-contained account of the main results from all five years of
the study, including previously unreported results from 1984. Additional
details for 1980-81, 1982 and 1983 can be found in earlier reports
(Richardson [ed.] 1982, 1983, 1984).

The present report excludes certain aspects of the project. Tasks (1)
and (4) ended with the submission of the aforementioned reports by Fraker and
Richardson (1980) and Griffiths and Buchanan (1982). A joint effort by Naval
Ocean Systems Center and LGL to study bowhead behavior and reactions
to seismic vessels in the Alaskan Beaufort Sea in autumn 1981 is reported
separately (Fraker et al. in prep.). Plans to conduct spring sound
propagation tests in Alaska in 1982, and artificial island noise measurements
in Alaska or Canada in 1983, could not be implemented because of logistical
constraints; funds allocated for these two efforts were redirected to task
(3) in 1984,

‘ APPROACH IN THIS. STUDY

Study Area

The study area was the same in each year of the study: the southeastern
Beaufort Sea, including the area of offshore o0il 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 study period each
year has been from late July or early August to late August or early
September. This area and season were chosen (1) 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 is furthest advanced. The presence of extensive
offshore o0il exploration provided opportunities for observation that did not
exist in the Alaskan Beaufort Sea. Because this study was conducted in the
eastern (Canadian) Beaufort Sea, site-specific information about reactions of
bowheads to industrial activities in the Alaskan lease areas was not
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obtained. However, we believe that most data collected in the eastern
Beaufort Sea are applicable to the Alaskan situation.

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 ranges 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; this study).
August and early September are times of peak abundance in shallow areas.
Feeding, socializing and travelling are the main activities.

Offshore 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 1984,
3-5 drillships operated inside the 100 m contour, and artificial islands and
caissons for drilling were completed in waters as deep as 31 m (Fig. 1).
Dredges were widely wused in constructing islands. By 1983-84, five
drillships, 5-6 seagoing dredges, four icebreakers, 8-10 helicopters, and
over 30 support vessels were in use offshore. Offshore seismic exploration
occurs in the study area each summer. At most times in recent open water
seasons, 2-4 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

Behavior of undisturbed bowheads (Task 2) was studied before and after
disturbance experiments, thereby providing control data, and on other
occasions when experiments were not possible. When logistical difficulties
prevented us from conducting experiments, we collected data on undisturbed
behavior.

Whenever possible in all years of the study, we conducted experimental
tests of reactions of bowheads to industrial activities (Task 3). In these
tests, we compared behavior of a specific group of bowheads before, during
and after exposure. This method is more sensitive than wuncontrolled
observations of some whales in the presence of the industrial activity 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 approached full-scale industrial sites that could not be
simulated adequately during experiments.

No field work specifically directed at determining bowhead distribution
in relation to industrial activities (Task 5) was funded under this project.
However, many distributional data were obtained incidental to our behavioral
work. When task (5) was initiated in 1982, we compiled these distributional
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data, along with results from other studies of bowheads conducted in the same
study area during 1980-84.

Our observations were obtained from three types of 'platforms'--air-
craft, boats, and shore:

Aircraft: Most behavioral observations were from an aircraft circling high
enough above whales to avoid aircraft disturbance. The aircraft crew had
the advantages of great mobility and a good vantage point for
observations. The aircraft crew could drop sonobuoys near bowheads to
record the underwater sounds to which whales were exposed, as well as
the calls that they emitted. An Islander aircraft was used in all years,
although a Twin Otter was also used for part of the 1983 field season.

Boat: A boat, usually a 12.5-m fishing vessel, was chartered for at least
part of each field season. The main functions of the boat were to
conduct disturbance experiments, to record underwater sounds near whales
and near industrial sites, and (in 1980-81 only) to conduct the
'characteristics of bowhead feeding areas' task.

Shore: Shore based observations were attempted at Herschel Island and
King Point (Fig. 1) in 1980-81 but not in 1982-84. Many whales had been
seen close to shore at these locations in some earlier years (Fraker
and Bockstoce 1980). Virtually none were near King Point in 1980-81,
and those near Herschel Island were too far offshore for effective
shore-based observations or experiments. No shore based work was
attempted in 1982-84. In 1983 and 1984 bowheads did occur close to
shore at King Point, and much of our aircraft— and boat-based work in
1983 was in that area.

Results from the various tasks, platforms and years of the study were
complementary. Detailed results from all five years are presented in the
following four sections on normal Dbehavior, disturbance responses,
characteristics of waterborne industrial noise, and summer distribution
relative to industrial activities. Results concerning zooplankton
composition and biomass in some locations where bowheads were and were not
observed in August 1980 and 1981 were presented in an earlier final report
(Griffiths and Buchanan 1982). A summary of the entire study appears in a
separate volume (Richardson, Greene and Wiirsig 1985b).
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ABSTRACT

Behavior of bowheads was observed during August and early September of
1980-84, mainly during 98.5 h while an observation aircraft circled at
altitude >457 m above 'presumably undisturbed' whales. In 1980, 1983 and
1984, most whales studied were in waters 10-30 m deep, although not in the
same areas during various years. In 1981 they were often in water about 50 m
deep, and in 1982 most were in water >100 m deep. Year to year variation in
distribution and behavior may have been attributable to changes in
.zooplankton availability, although this is unproven.

Surfacing, Respiration and Dive Cycles.——Intervals between successive
blows were relatively stable, averaging 13.5 + s.d. 8.88 s (n = 5161, calves
excluded) over the five years. Number of blows per surfacing (4.34 + 3.254, n
= 626) and duration of surfacing (1.19 + 1,137 min, n = 715) were positively
correlated. Dives averaged 4.42 + 6.319 min in duration (n = 333), with a
skewed distribution and a maximum of 31 min. Blow rate, averaged over surface
plus dive time, was 1.10 + 0.873 blows/min (n = 156). Surfacing-respiration-
dive variables were not strongly related to time of day or date in season but
were different for mothers and calves than for other whales.

Feeding occupied much of the time of bowhead whales in summer. Whales
sometimes skim fed at the surface either alone or in coordinated echelons of
up to 14 animals. Bottom feeding was indicated when whales surfaced with mud
emanating from their mouths, usually in water 6-24 m deep and with whales >75
m apart. Near bottom feeding was suspected on other occasions when mud
streamed from the body but not the mouth. We suspected that whales fed in the
water column on the many occasions when they dove repeatedly in an area
without making forward progress, and did not surface with mud.

Social behavior, including nudging, chasing, or orienting toward one
another when <% body length apart, was more frequent in early August than
later in summer. Apparent mating was seen only twice. Bowheads in groups
often surfaced and dove in rough synchrony, and those within 3 km of one
another did so at times.

Other behaviors.——On four occasions, we saw whales play with logs up to
about 10 m long. Two cases of calf play consisted of orientation toward
suspended or floating particles. Aerial activity consisted mainly of
breaches, tail slaps, and flipper slaps. One whale breached 64 times,
tailslapped 36 times, and flipperslapped 49 times in 75 min. Pre-dive flexes,
consisting of a concave bending of the back, and raised flukes as the whale
dove, were most common before long dives. Underwater blows occurred
irregularly, but often during socializing.
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INTRODUCTION

Several early authors——notably Scoresby (1820), Scammon (1874) and
Bodfish (1936)--discussed behavior of bowheads, mainly of whales that were
under stress during capture. Systematic observations of undisturbed behavior
commenced only recently. Braham et "al. (1979) and Rugh and Cubbage (1980)
gathered information about durations of dives, surface times and swimming
speeds for bowheads migrating past Cape Lisburne, Alaska, and Davis and Koski
(1980) and Koski and Davis (1980) did similar work on bowheads migrating in
the eastern Canadian arctic. Everitt and Krogman (1979) described six whales
that were apparently involved in mating activity during the spring migration
past Point Barrow, and there are other accounts of bowheads engaging in
precopulatory behavior in the Bering and Chukchi Seas in spring. It has been
known since commercial whaling days in the 19th century that feeding is the
predominant activity of bowheads in the Beaufort Sea in summer.

Our study of behavior of undisturbed bowhead whales in the Canadian
Beaufort Sea was conducted along with a study of disturbance responses
(Richardson et al. 1985c) during the summers of 1980 through 1984. Results
of these studies were described in yearly reports to the U.S. Minerals
Management Service, and data for 1980-1982 are published in Wbrsig et al.-
(1984a, in press). The present report summarizes data for all five years of
research. In 1982-84, a study similar to ours has been conducted on bowhead
whales feeding and migrating in the Alaskan Beaufort Sea later in the season,
in September. The behavioral findings of this Alaskan work for 1982 and 1983
are in Reeves et al. (1984) and Ljungblad et al. (1984b), respectively.

Objectives and Approach

The two main objectives of the 'Normal Behavior' task were (1) to
provide a description of presumably undisturbed behavior immediately before
and after experimental disturbance trials, against which the results of these
trials could be compared, and (2) to provide general information on the
normal behavior of bowhead whales. The first task is essential to an
interpretation of how whales react to potential disturbance, and we attempted
to obtain information on the behavior of the same individual animals
immediately before and after the period of potential disturbance. The second
main objective of the normal behavior study is also essential to a study of
potential disturbance, because we must have a basic knowledge of undisturbed
behavior patterns in“order to properly assess disturbance reactions. There
was considerable variability in behavior from year to year, and an ongoing
study of normal behavior allows us to address whether whales might be more
susceptible to disturbance in some situations or years than in others.
Normal behavior studies were carried out (1) in association with experimental
disturbance trials, and (2) when studies of disturbance effects were not
possible. ‘

Background information concerning the rationale 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 and Design' (Richardson et al. 1985b).

Field work occurred mainly in August, with some additional observations
in late July and early September during certain years. Work was based at
Tuktoyaktuk, Northwest Territories (Fig. l1). Observations of behavior were
conducted from the air, from a boat, and-—in 1980 and 1981 only--from shore
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mentioned in the text, and locatlons of behavioral observation sessions.

at Herschel Island, Yukon. Aircraft-based observers had the advantage of
high mobility and a good vantage point and consequently collected most of the
behavioral data. When whales were observed, sonobuoys were often dropped
from the aircraft to allow us to hear and record bowhead sounds. Sonobuoys
also allowed us to determine when industrial noises were present in the
water. Boat—based observers used hydrophones for this purpose. Observations
of bowheads in the presence of strong industrial noise may not represent
undisturbed behavior, and were excluded from this section on 'Normal

Behavior'.

METHODS AND DATA BASE

Aerial Observations

Most behavioral observations were made from a Britten-Norman Islander
aircraft, although observations from 1-12 August 1983 were from a deHavilland

Series 300 Twin Otter. These aircraft have twin engines, high wing

configuration, and low stall speed. Both aircraft were equipped with
radar altimeters and Very Low Frequency (VLF) navigation systems. Positions
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and flight tracks were recorded manually from the VLF systems. Both aircraft
had an endurance of about 5.5-6.0 h plus reserves. The Islander had a
forward-looking radar useful for determining distances to industrial sites,
shore, etc. Sonobuoys (AN/SSQ-57A or AN/SSQ-41B) were deployed and monitored
from both aircraft in order to record waterborne sounds from bowheads and
industrial sources (details in Greenme 1985). A hand-held color video camera
(JVC-CV-0001 or Sony HVC-2000) connected to a portable videocassette recorder
(Sony SLO-340 or SL-2000) was used through a side window to record oblique
views of bowheads. '

Our usual strategy was to search until we encountered bowheads and then
circle over them as long as possible while making observations. Once contact
-was lost, we searched for another group. We created 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 litre 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.

We made 132 offshore flights during the five seasons, and we gathered
behavioral observations of bowheads during 85 of these flights. Most flights
lasted 4 to 5.5 h, and we observed bowhead whales for a total of 186.3 h. 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. Bowheads rarely appeared to be
disturbed by the aircraft when it remained at or above 457 m (Richardson et
al. 1985c). '

The aircraft crew usually 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. 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, 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 area being circled, 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.

We obtained consistent data of 15 types:

1. Location of sighting (and therefore approx. water depth from
charts);

2, Time of day; .

3. Number of individuals visible in area; number of calves;

4. 1Individually distinguishing features (if any) on whales;

5. Heading in degrees true, turns, and estimated swimming speed of
each whale;




~/

Normal Behavior 19

6. Distances between individuals (estimated in adult whale lengths);

7. Durations of time at surface and sometimes duration of dive;

8. Timing and number of respirations, or blows;

9. 1Indications of feeding: e.g., open mouth, defecation, mud streaming
from mouth;

10. Socializing; probable mating;

11. Probable nursing;

12. Play with surface debris or logs;

13. Underwater blow (releasing a large burst of bubbles underwater);

14, Aerial activity: breaches, tailslaps, flipper slaps, lunges,
rolls;

15. Behavior at start of dive: fluke out, peduncle arch, pre-dive
flex. ;

Descriptions of these behaviors appear later in this report and, in more
detail, in Wirsig et al. (in press).

We were at times able to identify whales by sight, within an
observation flight, based on distinctive chin patch shapes or white marks on
the back or tail, and we were then able to determine dive durations for these
individuals. Davis et al. (1983) showed that smaller bowheads tend to have
fewer such white marks than do larger whales.

Water depths were determined by consulting Canadian Hydrographic Service
chart #7650 (1980 printing) and Dome Petroleum Ltd. chart E-BFT-100-03. The
distributions of behavioral observations by 10-day period, depth of water,
and hour of day are presented in Figure 2. Most observations in 1980, 1983,
and 1984 were in shallow water. Most observations in 1981 were in somewhat
deeper water, and those in 1982 were in still deeper water, often near the
edge of the continental shelf (Fig. 1). ‘

In this section of the report, with rare exceptions that are specifi-
cally indicated, we describe only the behavior observed with no known
potential disturbances. Data collected during periods of potential
disturbance are described separately in the 'Disturbance’ section (Richardson
et al. 1985c). Whales were classified as 'presumably undisturbed' only if
the observation aircraft was at an altitude of at least 457 m (1500 ft)
a.s.l., no vessels were underway within 4 km, and no- other industrial
activities were close enough to create waterborne sounds prominent to the
human ear. Observations in the presence of noise impulses from distant
seismic vessels were treated as potentially disturbed and were excluded.
Some observations were collected when 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 engine off for at least 30 min. Of 186.3 h spent
observing bowheads, 98.5 h were during presumably undisturbed periods.

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, transcriptions were checked again with
the audiotape and 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 microcomputer for subsequent computer validation, tabulation,
and statistical analysis. The standardized data files contain the following:
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Year Surfacing Records Dive Records Total Records

1980 563 223 786
1981 778 223 1001
1982 312 141 453
1983 1401 242 1643
1984 1283 129 1412
Total 4337 958 5295

0f these, 2129 surfacing and 475 dive 'records were from presumably
undisturbed periods.

Methods of analysis of bowhead sounds recorded via sonobuoys are
described in the 'Bowhead Sounds' section of the results, below.

Shore and Boat-Based Observations

Most behavioral observations were made from the air, but observations
from shore and a boat at times helped us to understand activity patterns when
the airplane was not present, and allowed us to obtain some data (precise
speed information, for example) that we could not obtain from the air. Our
limited theodolite tracking information appears in Wiirsig et al. (in press)
and is not repeated here. Because our observations from boats pertain mostly
to disturbance trials, these data are detailed in the 'Disturbance'’ section.

RESULTS

Respiration, Surfacing and Dive Characteristics

Four characteristics of a surfacing lend 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, they
are suitable for use in analysis of responses to disturbances. A detailed
understanding of respiration, surfacing and dive behavior under undisturbed
conditions is a prerequisite for interpretation of disturbance responses.

Definition of Terms

The measurement of each of these four quantities depends on how a
surfacing and dive are defined. Bowheads that are migrating or travelling
for relatively long distances- usually make two distinguishable types of
dives—-brief, shallow dives between successive respirations, and long, deeper
dives between these groups of respirations. Rugh and Cubbage (1980) called
the two types of dives series dives and sounding dives, respectively. Most
bowheads observed in this study, however, remained at the surface between
successive respirations. Moreover, from our aerial vantage point we could
not always determine whether a whale was at the surface or slightly below
it. As a result, we defined only one type of dive, the sounding dive, during
which the whale was out of sight underwater. We defined a surfacing as the
period of time during which the whale was at the surface or, from our aerial
vantage point, visible just below the surface. Thus any shallow 'dives' that
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occurred for a few seconds between respirations were not counted as dives, or
as interruptions of a surfacing.

Observers working from low vantage points on ice, shore or a boat would
treat such shallow dives.differently, because the whale would usually be out
of their sight as soon as it went below the surface. Thus the definitions of
surfacings and dives used in this study are in part a function of our aerial
vantage point, and one must use caution when comparing our data with those
collected from low vantage points.

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 and 1984, when the water at observation sites was usually more turbid
than in previous years; in these cases, whales were less easily visible while
underwater. Periods of submergence lasting less than 15 s were not counted
as dives in 1983-84 unless, before submerging, the whale lifted its flukes
out of the water, arched strongly or performed a pre-dive flex.

A blow is an exhalation of air by a whale. It can occur either above or
below the surface. Surface blows are usually visible as a misty whité
cloud. We calculated blow intervals only for successive blows within a single
surfacing when our view of the whale was not interrupted between the blows.
Underwater blows become visible at the surface as a white circular burst of
bubbles that may grow to 15 m in diameter. They are discussed in a later
section. ‘

Calves, because of their small size, are much more difficult to observe
when just under the surface of the water than are adults under similar
conditions. We analyzed our observations of calves separately and will
present that analysis following the non-calf observations. The remainder of
this section considers undisturbed whales excluding calves, i.e. all adults
and subadults that we observed.

Blow Interval

In 1980-84, we measured 5161 blow intervals for undisturbed non-calves.
The frequency distributions were very similar in all five years; the modal
category of blow intervals was 10-13 s in each year. The year 1984 had the
shortest mean blow interval of the five years, and 1983 had the longest.
Table 1 presents the summary statistics for blow intervals for the five years
of this study. The overall mean blow interval for presumably undisturbed
non-calves observed in 1980-84 was 13.5 + 8.88 s (n = 5161, range = 1-173 s).

We wondered whether the first blow interval in a surfacing might be
shorter than subsequent blow intervals, i.e., whether a whale tends to
breathe more quickly at the start of a surfacing than for the remainder of a
surfacing. For each year, we compared the first blow interval and the mean
of the subsequent blow intervals in all surfacings that had three or more
blows (two or more blow intervals) and for which all blows were timed. Only
presumably undisturbed non—calves were considered. On average, the first
blow interval was significantly shorter only in 1982 (paired t = 2.40, df =
43, 0.02¢p<0.05), which was the year with the longest dives and longest
surfacings. In 1981 and 1983, the first blow interval averaged shorter than
the mean of the subsequent blow intervals, but not significantly so, while in




Table 1. Summary statistics for the principal surfacing, respiration and dive variables in presumably undisturbed bowheads in
1980-84, Calves are excluded fram every line except that labelled 'calves’.

Number of .
blows per Length of Length of dive
Blow interval (s) . surfacing surfacing (min) (min)
mean s n mean s.d. n mean s«d. n mean s«d. n
All nomrcalves 1980 12.9 8,61 915 4,8 2,91 70 1.25 0.723 9% 2,25 3.549 25
1981 13.0 8,08 1113 4.2 2.91 19 1.06 0.764 204 3.8 4,986 8
1982 14.9 8.66 795 7.4 5.11 58 2,05 1.320 70 12,08 9.153 51
1983 17.0 13,49 866 3.2 2,37 229 1.05 1.484 248 1.88 2,357 140
1984 11.6 4,66 1472 5.5 2,97 75 1.10 0.559 99 6.27 7.195 37
1980-84 13,5 8,8 5161 4,3 3.25 626 1.19 1,137 715 4,42 6.319 333
Calves 1980 15.1 10,30 30 3.3 2,06 4 0.71 0.472 5 1.80 1.958 3
1981 11.6 7.65 3% 0.8 1.47 11 0.70 0.569 16 1.02 1.503 6
1982 18.6 16,05 100 4,0 2,49 19 1,66 1.459 21 6.82 5,715 29
1983 1.5  5.07 4 1.1 0.90 7 0.36 0.