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| NTRODUCTI ON

The i mm nence of offshore exploration for oil and gas in the Al askan

part of the Beaufort Sea has raised concerns about the potential for
di sturbance of bowhead whal es. The bowhead, Balaena mysticetus, is a bal een

whal e inhabiting cold northern waters. Historically, five substantial
popul ations existed: Western Arctic, Davis Strait, Hudson Bay, Okhotsk Sea,

and Spitsbergen. The western arctic stock inhabits the Bering, Chukchi and
Beaufort Seas off the shores of Al aska, the U S S.R, and Canada. Al five
popul ations were heavily exploited by comrercial whalers, and all are now
seriously reduced. Only the western arctic population continues to be of
substantial size, yet even it is considered to be rare and endangered under
U S legislation, in Canada, and by the International Whaling Comm ssion.
Until very recently, the size of the western arctic stock was believed to be
in the range 2264-2865 individuals (Brahamet al. 1979, 1980b; Krogman et
al. 1981), but the latest estimates are sonewhat higher (Davis et al. 1982;

Intern. Whal. Comm. in press).
SEASONAL MOVEMENTS OF WESTERN ARCTI C BOWHEADS

The western arctic bowheads winter in the Bering Sea and migrate north
and east to the eastern Beaufort Sea in spring. Of the northwest coast of
Al aska, the spring migration occurs in a narrow corridor along the annually
recurring nearshore lead (Fig. 1). Once past Point Barrow, the bowheads move
east far offshore--well to the north of the icebound nearshore area where
exploration for oil and gas is inmnent {(Braham et al. 1980a; Ljungblad et
al. 1980). It is not known whether these whales are too far offshore to hear
or to be disturbed by waterborne noise produced by industrial activities in
the nearshore zone. (The nearshore waters are shallow and propagated sound
is, therefore, subject to greater losses than in deep ocean water.)

During sumer (late June to early Septamber) nost bowheads of the
western arctic population are in the eastern part of the Beaufort Sea off
Canada. In the commrercial whaling era in the 19th century, many bowheads
apparently sumered in the Chukchi and western Beaufort Seas off Al aska
(Townsend 1935), but nowadays bowheads are not present in significant nunbers
off Alaska in summer (Braham et al. 1980c; Dahlheim et al. 1980).
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The eastern Beaufort Sea is believed to be a major feeding area for
bowheads (for review, see Fraker and Bockstoce 1980), but previous to 1980
there had been no conprehensive studies of bowheads in that area. Ofshore
drilling for oil and gas has been going on in the eastern Beaufort for nearly
a decade, initially fromartificial islands in shallow water but since 1976

also from drillships operating farther offshore during the open water season.

In Septenber and Cctober, bowheads migrate west from the Canadi an
Beaufort Sea into the Al askan Beaufort, and then into the Chukchi Sea.
Feedi ng apparently continues off northern Alaska (Lowy et al. 1978; Lowy
and Burns 1980). During fall, unlike spring, there is open water along the
north coast of Alaska. Many bowheads npove west and/or feed within 25 km of
the shore (Braham et al. 1977; Ljungblad et al. 1980). Thus, bowheads are
nore likely to conme close to offshore industrial activities in the Al askan
Beaufort in fall than in spring

Sone bowheads apparently continue west from Point Barrow to the Soviet
side of the Chukehi Sea in fall (Braham et al. 1977; Johnson et al. 1981).
Bowheads may continue to feed there before noving south to wintering grounds

in the Bering Sea.
POTENTI AL FOR DI STURBANCE

Little is known about responses of whales to boats, aircraft or offshore
industrial activities. The scientific and popular literature contains
anecdotal reports about whal e behavior near sone of the potential sources of
di sturbance, but there have been alnpbst no systematic studies of behavioral
reactions to disturbance--even for the commmon and nore accessible species of
whal es. Furthernore, the longer termeffects of disturbance on popul ation
di stribution, productivity and survival are virtually unstudied for any
species, and are difficult to assess in any direct way.

Except for oil spills, direct collisions or harassnment, it is generally

agreed that underwater sound is the by-product of marine petroleum operations
that holds the greatest potential for affecting whales. Whal es and ot her

marine manmals live in an environnent where light conditions and visibility
are variable. Where the water is highly turbid because of fine particles

whal e
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fromriver discharges or from an abundance of plankton, or when little light
is present (i.e. night or arctic winter), vision is of little val ue. Sone
dol phins, such as the Ganges River dol phin (Platanista gangetica), which

lives in the highly turbid Ganges River system are apparently completely
blind.

Marine manmal s seemto use sound as a primary nmeans by which they
communi cate and receive information about their environnent. Unlike Iight,
sound travels very efficiently in water day or night, winter or summer, and
is virtually independent of the water’'s clarity. In deep water, intense |ow
frequency sounds such as those from sonme nysticete whales are transnmitted
especially well and with little attenuation. Mysticete sounds have been
detected at distances of about 160 km ( Cummi ngs and Thonmpson 1971) and may
travel even farther in deep water (Payne and Webb 1971). Toothed whal es have
a highly devel oped echolocation capability based on high frequency pul sed
sounds (e.g., Busnel and Fish 1980), but there is little evidence that bal een
whal es have this capability (Thonpson et al. 1979).

The very advantages of underwater sound that have been so useful to
marine manmal s give rise to the potential for problens related to underwater
i ndustrial sounds, since such sounds are also transmitted efficiently over
relatively long distances. Virtually every activity involving the operation
of machinery or use of explosives or other high-energy charges in and near
the ocean has the potential for generating underwater sound. Sone industria
sounds are quite intense, and many have high energy at the |ow frequencies
used by bal een whal es. Di stant shipping is the dom nant source of ambient
noi se in the 20-200 Hz band in nobst of the world s oceans, and onshore
industrial activities can be a significant additional source in nearshore
waters (Wenz 1962; Ross 1976). The ‘Industrial Noise section of this report
i ncludes a review (and new i nformation) about noi ses propagating into the
wat er from sources associated with offshore oil and gas exploration and
producti on. These sources include boats and ships (including icebreakers in
the arctic), aircraft, seismc exploration, offshore drilling, dredging,
etc. Some of these types of noise are intense enough to be detectable at
di stances of tens of kilometres, and a few (e.g. large ships, seisnic
exploration) are potentially detectable for 100 or nore kilometres when
propagation conditions are good
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There have been no studies of the auditory sensitivity of bal een whales
but it is generally believed that their ability to detect sounds from distant
conspecifics is determined by anbient noise, not by auditory sensitivity
(Payne and Webb 1971; Myrberg 1978). Since industrial sounds can be the
dom nant source of noise at |low frequencies, it follow that industrial
sounds probably can linit the range at which bal een whal es can hear one
anot her (Mghl 1981; Terhune 1981).

In addition to any interference with comunication, there has been
speculation that noise from industrial sources might affect whales by
disrupting their feeding or reproductive behavior, by excluding them from
i mportant areas, or by causing stress. The physical presence of a vessel or
structure at sea might also be disturbing, although probably only at close
range. The limted available evidence regarding these potential effects is
summari zed in the ‘Disturbance’ section of this report (Fraker et al. 1982),
and in reviews by Myrberg (1978), Fraker and Richardson (1980), Geraci and
St. Aubin (1980), Turl (1980) and Acoustical Society of America (1981). For
all these reasons, the effects of offshore industrial operations may extend
far beyond the sites of the industrial activities.

The | argest remining popul ati on of the endangered bowhead whal e--the
western arctic popul ation--noves near or through the area of the Al askan
Beaufort Sea where offshore oil and gas exploration is beginning. This
population also sumers in the eastern Beaufort Sea where offshore
drilling has been underway for some years. Furthernore, the migration route
of these whal es around northwestern Alaska in spring is through |ead systens
that are potential routes for future ship or tanker traffic associated with
oil and gas activities in the Al askan or western Canadian arctic. Previ ous
to 1980, virtually nothing was known about the potential short or long term

effects of industrial disturbance on bowheads

The U S. CGovernnent has recogni zed that certain species of cetaceans
have been severely depleted by commercial whaling operations, and it has
afforded them protection under the Marine Mammal Protection Act of 1972 and
the Endangered Species Act of 1973 (ESA). Section 7 of the ESA requires that
actions taken by any U. S. Governnent departnent "...do not jeopardize the
conti nued exi stence of such  endangered  species. . .“. [ nter-agency
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consul tations about the bowhead under Section 7 have resulted in the opinion
that information is insufficient to determne jeopardy (letter fromM. T.L.
Leitzell, Assistant Administrator for Fisheries, National MNarine Fisheries
Service, to M. F. Gegg, Director, Bureau of Land Management; 24 June 1980).

APPROACH | N THIS STUDY

Tasks to be Addressed

As part of its response to the above concerns, the U S. Bureau of Land
Managenment awarded LG Ecol ogi cal Research Associates, Inc., a contract to

i nvestigate various aspects of the potential industrial disturbance. The
date of contract award was 30 June 1980. Fi ve tasks were given high
priority:

1. Prepare a report docunenting (a) present know edge of bowhead

activities, (b) potential sources of industrial disturbance during
of fshore oil and gas exploration and devel opnent, (c) responses of
whal es to such potential disturbances! and (d) related data gaps.

2. Conduct field studies to docunent the nornal behavior of the bowhead

in the Beaufort Sea.

3. Determne the responses of bowheads to close approach of boats and
aircraft.

4. Determine the responses of bowheads to relevant waterborne

i ndustrial sounds by playback experinents and ot her means.

5. Document the physical and biol ogical characteristics of bowhead
feeding areas.

A report designed to fulfill the requirements of task 1 was submitted to BLM
on 31 COctober 1980 (Fraker and Ri chardson 1980).

Tasks 3 and 4, which involve studies of the responses of bowheads to

boat traffic, aircraft, and waterborne noise, formthe central focus of this
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project. Task 2, concerning the normal (’undisturbed ) behavior of the bow-

heads, was undertaken because behavioral reactions to disturbance can only be
recogni zed and understood if the normal behavioral repertoire is understood.

There have been no previous conprehensive studies of bowhead behavior.

Task 5, concerning the characteristics of bowhead feeding areas, was
undert aken because of the assumption that feeding is a (or the) predonm nant
activity of bowheads in the eastern Beaufort Sea. If bowheads migrate from
the Bering Sea to the Beaufort primarily to feed, then it is possible that
di sruption of feeding behavior by disturbance, or exclusion of bowheads from
certain parts of the feeding range, mght have significant effects on the
productivity and survival of the popul ation. A mgj or purpose of task 5 was
to determ ne whether bowheads concentrate in specific areas of the Beaufort
Sea that have certain physical or biological attributes (e.g. high
zooplankton concentration). If SO disturbance in these areas might have

especially severe effects.

Choice of Study Area

BLM selected the eastern (Canadian) part of the Beaufort Sea as the
study area. Relative to Alaskan waters, this area had several advantages for

the study . Bowheads are present for a conparatively long period in certain
parts of the eastern Beaufort, and sonetines nove close to shore (Fraker and
Bockstoce 1980). Because bowheads are not hunted in the eastern Beaufort,

potential conflicts between project activities (e.g. experimental disturbance
trials) and local hunters are not a factor. Light and weather conditions are
better for observations in the eastern Beaufort Sea in summer than in Al askan

waters in autum.

A further major advantage of the eastern Beaufort is the fact that there

is ongoing offshore drilling fromartificial islands and drillships, al ong
with  support activities i ncl udi ng shi ppi ng, dredgi ng and seismc
expl orati on. These activities provide opportunities for neasuring the

characteristics of water-borne industrial sounds and for observations of
bowhead behavi or near full-scale exploratory operations. For these reasons,

the study was conducted in the eastern Beaufort, with the primary base at
Tuktoyaktuk, N.W.T. (Fig. 1).
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Project Organization

The field work necessary to address tasks 2-5 was planned as a 2-year
study. Field studies were begun in August and Septenber 1980, and continued
on a sonewhat larger scale from late July to early September 1981. A
prelimnary report on the 1980 investigations was submitted in early 1981
(Richardson [cd.] 1981). The present report contains an integrated account
of the 1980-81 results and supersedes the prelimnary report.

LG Ecol ogi cal Research Associates, Inc., with its Canadian affiliate,
LG Limted, was the prinme contractor. LGL was assisted by two sub-
contractors: The New York Zool ogi cal Society assuned responsibility for task
2 (Normal Behavior Study) under the supervision of Drs. Roger Payne and Bernd
Wirsig. Polar Research Laboratory, Inc., principally Dr. Charles G eene, was
awarded a subcontract to provide sound recording and playback equi prment and
technical expertise relating to underwater acoustics. LG retained
responsibility for the two ‘disturbance responses! tasks, the ‘feeding areas’
task, and all logistical support, as well as overall responsibility. In
practice, the various tasks were addressed in a closely integrated way, and
nost personnel --regardl ess of institutional affiliation--were involved in
most or all aspects of the work.

Study Design

Factors Affecting Design

The design of this study was strongly influenced by several factors:

1. Before 1980, there had been no conprehensive and systematic study of
the seasonal distribution of bowheads in the eastern Beaufort Sea.
Previous to the present study, only the nost general predictions
could be nade about the likely locations and dates of bowhead
concentrations, Thus the logistical arrangenents for the project
had to be sufficiently flexible to allow us to nove to areas where
bowheads were concentrated.
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The Bureau of Land Managenent required that the study be conpleted
in tw years (1980-81), and that substantial results be obtained the
first year. Thus it was necessary to begin full-scale studies in
1980, even though greater efficiency mght have been possible by
conducting pilot studies in 1980 and full-scale studies in 1981-82.

Because of the lack of previous detailed studies of bowhead
distribution and behavior in the study area, there was a danger that
vari ous proposed study approaches woul d be unsuccessful. Gven the
need to obtain substantial results for all tasks during the first
year (1980), it was necessary to design considerable redundancy of
approach into the study. In this way, it was hoped that if one
approach to a task failed, another might provide at |east sone of

the necessary results.

In the absence of much information about the behavior and disturb-
ance responses of bowheads, it seened appropriate to hypothesize

t hat behavi or of bowheads would be simlar to that of their close
relatives, the northern and southern right whales, Eubalaena

glacialis and E. australis. This hypothesis provided a conceptua

framework for the studies

The eastern Beaufort Sea was assumed to be a major feeding area for
bowheads, so one area of enphasis was the feeding behavior of the
animals and the characteristics of their feeding |ocations.

The principal objective of the project was an analysis of the
effects, on bowheads, of offshore industrial activities in the
Beaufort Sea. The studies of normal behavior, feeding areas and
i ndustrial noise were included to provide information relevant to
the central question of disturbance effects

It was assuned that sound would likely be an inportant node of
communi cati on anong bowheads, and that waterborne industrial sounds
woul d likely be the nost inportant type of disturbing stimulus.
Thus nonitoring of bowhead sounds, assessment of their behaviora
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significance, and nonitoring and analysis of industrial sounds were

all considered to be inportant.

8. It was assumed that responses to disturbance mght differ from
normal behavior primarily in terms of the relative frequencies or
durations of various behavioral acts, and not necessarily in any
qualitative way. Thus , the studies of both normal behavior and

di sturbance responses needed to be systematic and quantitative.
Di sturbance experinments needed to be well controlled and replicated

9. It was assuned that individual bowheads would be engaged in a
vari ety of normal behaviors when encountered, and that responses to
a particular type of boat, aircraft or noise disturbance would
likely depend on t he pre—existing behavi or al and ot her
circunstances. Thus , the experinental protocol for each disturbance
trial needed to include observations during pre-disturbance contro

and, if possible, post-disturbance recovery periods as well as
during the disturbance period itself. In this way, each animl or
group would serve, in part, as its own control, and circumstance-—

dependent variability in responses would be at |east partially taken
into account.

Bases for Observation

W decided that three types of ‘platfornms’ were necessary: aircraft,
boats and shore canps. By using these platforms in a coordinated and
conplementary way, it was possible to maintain flexibility and redundancy,

and to use the advantages of one or two platforns to counteract the
di sadvant ages of the other(s). Tabl e 1 summarizes the main strengths and

weaknesses of the three platforns.

Because of their high nobility and good vantage point, aircraft-based
observers have the best potential for |ocating whales quickly. They can nake

vi sual observations of the normal behavi or of whal es, depl oy sonobuoys to
nmoni tor whale and industrial sounds in the water, and observe reactions of

the whal es to an approaching boat or, in alimted way, the aircraft itself.
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Table 1. Strengths and weaknesses of aircraft, boats and shore canps as

observation platforns.

Aircraft Boat s Shore canps

Mobility Good Moder at e Poor
Vant age Poi nt Good Poor Mobder at e
Stability Poor Moder at e Good
Sound recording

sonobuoys Yes Yes Yes

suspended hydrophore No Yes Yes

bottom hydrophore No Possi bl e Yes
Sound pl ayback

suspended projector No Yes Yes

bottom projector No Possi bl e Yes
Ability to sanple No Yes via small
t he water hoa t

Aircraft-based observers are also able to direct a boat toward whal es when

the boat-based observers cannot see the whal es.

Boat - based observers have the di sadvantages of only linmted mobility and

a poor vantage point for observations. However, unlike aircraft-based
observers, they have capabilities for marine sanpling and for creating
underwat er sounds. Furthernore, the boat is an integral conponent of the

boat disturbance trials.

Shore-based observers have the major disadvantage of limted nobility.
They depend, for the nost part, on the assunption that whales will cone close
to shore at one or nore preselected sites where there is a high vantage
poi nt. The advantage of shore-based observations, assuming that whales do
approach the vantage point, is that a greater variety of observational
met hods are possible from shore than from aircraft or boats (Table 1). Only
from shore can one apply the transit method for recording the novenents and

behavi ors of whal es. This method provides precise tinme-series data on the
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Locations, speeds, turns and behaviors of whales, and is of special value in
a systematic disturbance study involving alternating control and disturbance
periods (Cark and Clark 1980). A further and najor advantage of shore-based
observations is that the observers are less likely to disturb the whales than

is the case with boat- and aircraft-based observations

Based on the above considerations, it was obvious that both aircraft and
boat - based work were essential, and that shore-based work was al so highly
desirable if suitable | ocations could be identified. Sui tabl e coastal
| ocations would be those where there is (1) a high vantage point, and (2) a
high probability that bowheads wi |l be seen. Based on the linited previous
information (Fraker and Bockstoce 1980), two such sites were identified
during the planning for this study: along the east coast of Bathurst
Peninsula in early and md summer, and along the north coast of the Yukon
Territory in late summer. The Yukon coast was selected as the best choice
for shore-based work in both 1980 and 1981.

Task- by- Task Design

On a task-by-task basis, the general design of the study was as follOms

1. Normal behavior task. It was assumed that aircraft-based observers
woul d be able to find bowheads regularly and, by renmaining at an altitude of
at least 300 m would be able to observe their normal behavi or without
causing serious aircraft disturbance. (In fact, it proved necessary to
remain at or above 450 m) The plan was to circle high above one or nore
whal es for an hour or nore, dictating into tape recorders information about
the time series of dives, surfacings, respirations, orientations, turns ,
feeding, interactions , inter-whale distances, aerial behavior (breaching,
fluking, flipper-slapping), etc. These data would serve as the basis for
guantitative anal yses of the frequency, context and characteristics of these
behavi ors. A video canera was to be used to provide a permanent record of
bowhead behavior. This approach worked well in both years.

[t was assumed that boat-based observers would collect simlar data, but

that their capabilities would be hindered by difficulties in finding
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bowheads, by the |ow vantage point afforded by a rather small boat, and
possibly by the disturbing effect of the boat.

It was hoped that bowheads woul d approach the shore camps ; if they did
so, simlar types of data could be obtained for nearshore areas. Al so, nore
detail ed i nfornation about novenents, including speeds, would be obtained

using the transit method.

Observers on each of the three types of ‘platforns’ were equipped to
listen to and record bowhead sounds. It was hoped that different sound types
could be related to the overall behavioral context. To assist in this task,
a directional hydrophore array sinmlar to that of Cark (1980) was built for
use at the shore canp. The inability to deternmi ne the bearing (and hence the
specific whale) fromwhich a sound is coming has been a main limtation in
many previous studies of the context of whale sounds. We hoped to use the
directional array to minimze this problem but were unsuccessful because of
the rarity with which bowheads approached shore in 1980 or 1981.

2. Boat and Aircraft Disturbance Trials. Boat disturbance trials were
to be conducted via coordinated use of a boat and the aircraft. (bservers
were to be present on both platforns, but the aircraft-based observers were
expected to have the better view The plan for each trial was (a) to observe
undi sturbed behavior for at least 15-30 rein, (b) then to nove the boat past
the whales at a lateral distance of about 500 m (in the initial series of
trials) and continue to observe fromthe air and the boat, and (c) to
continue aerial observations for at least 15-30 additional minutes.
Behavi oral paraneters to be nonitored would be the sane as those |isted above
under ‘Normal Behavior'. Sonobuoys would be deployed to nonitor bowhead and
boat sounds. It was hoped that additional data about boat disturbance woul d
be obtained opportunistically by boat-based personnel in the absence of the
aircraft. To ensure that the aircraft and boat could be closely coordinated,
preci se navigational equipnent was needed on each. The aircraft was equi pped
with a Very Low Frequency (VLF) navigation system and a Navigation Satellite

receiver was used on the boat.

Aircraft disturbance trials of a variety of types were planned. The
intent was to quantify the reactions of bowheads to overflights at various
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al titudes. The sinplest approach envisaged was to observe from the
di sturbing aircraft itself. Shor e-based observations of reactions to over-
flights were planned if bowheads approached shore regularly, and boat-based
observations were planned if it proved inpractical to obtain the needed data
from shore and aircraft, In practice, the aircraft- and shore-based
approaches were used, and underwater sounds below various aircraft were
recorded and studied.

3. Responses to Noi se. Shore-canps provided the best potential for
detai | ed noi se-pl ayback experinents, but we also were prepared to conduct
pl aybacks from the seagoing boat. Underwater sound projectors were available
for use from both shore and the boat. In 1981, we also obtained an airgun
for use as a sinmulated source of seismc survey signals. The pl anned
procedure was analogous to that for the boat-disturbance trials. For each of
several replicated trials, there would be a pre-playback period of contro
observations, a playback period, and a post-playback recovery period. Thi s
approach has been enpl oyed successfully by Clark and Clark (1980) during
pl ayback experinments on southern right whal es. In practice, the limted
nunber of opportunities for playback work were devoted to experinments with
the airgun.

Suppl enentary i nformation about noise characteristics and effects was to
be gathered by recording wat erborne sounds at various distances from

i ndustrial sources in the eastern Beaufort Sea (seisnmic ships, drillships,
dredges, etc.), observing the behavior of any bowheads seen near ongoi ng

offshore exploratory activities, and collecting observations by industry

personnel of bowheads near such activities.

4, Characteristics of Feeding Areas. The main conponents of this task
were to sanple zooplankton and to measure tenperature and salinity profiles
at places where bowheads were observed to feed, and at a limted nunber of
other places. A drop-net system for sampling nobile epibenthic invertebrates
was al so provided. In 1981, we also used an echosounder to hel p locate
concentrations of zooplankton. The equipnent was to be deployed primarily
from the seagoi ng boat. Limted additional capabilities for nearshore
sampling from an inflatable boat were provided
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| MPLEMENTATI ON OF PLANS

A special l y-equi pped Britten-Norman |sSlander outfitted and operated by
NORCOR Engi neering and Research, Ltd., was selected for aerial observations
over offshore waters. This aircraft was used for 5 weeks in 1980 and 6.5
weeks in 1981. The Islander is a high-wing aircraft with two piston engines,
low stall speed, and ot her STOL (Short Take Of and Landing)
characteristics. The NORCCR |sl ander was equipped with a VLF navigation
system for precise position-finding, radar altineter, forward-I|ooking radar
that could be used to neasure distances to large objects (e.g. drillships),
| ong-range fuel tanks, and other specialized equipnent. Sonobuoys could al so

be depl oyed and nonitored from the Islander.

Because the contract was not awarded until 30 June 1980, arrangements
for boat charters in 1980 were less than ideal, and the boat-based operations
in 1980 were not very efficient. Nonet hel ess, sone useful data were
obt ai ned. In 1981, a nore suitable vessel was chartered for the full 6.5

week field period.

Shore canmps were established at two | ocations al ong or near the Yukon
coast from mid-August to md-Septenber in both years. Useful data concerning
normal behavi or of bowheads were obtained froma site on the eastern end of
Herschel Island. However, bowheads were rarely seen near the second site,
which was at King Point along the mainland coast of the Yukon (see Fig. 1 for

| ocations).

The nmethods and results are described in four self-contained but

compl ementary sections of this report:

-Nor mal behavi or of bowheads (Wirsig et al. 1982);

-Di sturbance responses of bowheads (Fraker et al. 1982);
-Characteristics of waterborne industrial noise (Geene 1982); and
-Characteristics of bowhead feeding areas (Griffiths and Buchanan 1982).

These four sections are summarized bel ow.
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SUMMARY OF RESULTS

This study was not designed to document the distribution and novenents
of bowheads in the eastern Beaufort Sea. However, limted distributional
information was gathered, and this is of sone relevance in assessing the
behavioral results. (Separate detailed distributional studies were done in
both 1980 [Renaud and Davis 1981] and, on a w der scale, in 1981 [Davis et
al . 1982].)

The distribution and activities of the whales differed between 1980 and
1981. In August 1980, bowheads were common in shallow water (10-30 m just
off the Mackenzie Delta (especially in early-md August) and the Tuktoyakt uk
Peninsula (especially in late August). The main activity of these whales was
f eedi ng. In 1981, nost bowheads found in early August were far offshore,
near the edge of the continental shelf. These whales were also near or in
the pack ice, whose southern border was near the edge of the shelf in early
August . By md August of 1981, sone bowheads had noved into sonmewhat
shal | ower water closer to shore, but the whales remained farther offshore
t hroughout August than had been true in 1980. Prelimnary results from
August 1982 show that bowhead distribution then was different fromthat in
both 1980 and 1981 (LG Ltd., unpubl. data).

In both 1980 and 1981, some bowheads approached within a few kilometres

of the northeastern shore of Herschel Island, off the Yukon coast, in early
Sept ember . However, contrary to the situation in sone recent years (cf.

Fraker and Bockstoce 1980), bowheads rarely approached the mainland coast of
the Yukon in late August or early Septenber.

Normal Behavi or of Bowheads

The report with the above title (Wirsig, O ark, Dorsey, Fraker and Payne
1982) describes the ‘undisturbed” behavior of bowhead whales sumrering in the
sout heastern Beaufort Sea. Feeding, traveling and socializing were the main

activities of the whales. However, relatively inactive individuals were
occasionally seen, especially in areas with brash or pan ice. Mich of the

following sunmmary is taken fromthe Abstract of the report by Wirsig et al.
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Behavi or of bowhead whal es was observed froman aircraft during 14 of
16 flights on 3-31 August 1980 and 18 of 28 flights on 31 July-8 Septenber
1981, nostly off the Tuktoyaktuk Peninsula and Mackenzie Delta, NWT.,
Canada. Excluding ferry and reconnai ssance time, detailed behavioral
observations were made for 30.4 h in 1980 and 30.8 h in 1981, while flying
di stances up to approximately 200 km from honme base at Tuktoyakt uk.
Observations obtai ned when the behavior of the whales nmay have been affected
by proximty to industrial activities, or by our activities, were not used in

assessing normal ‘undisturbed behavior,

Feeding. -- During 1980, the predonminant activity seen was feeding. At
various times bowheads apparently fed in the water colum, at or near the
bottom and at the surface. An addi tional behavior, ‘mud tracking , also

seenmed to be associated with feeding. Underwat er bl ows al so tended to occur
during periods of feeding, but there was no definite evidence that they were
a feeding behavior. Al five of these behaviors were seen less frequently in

1981, and mud tracking was not seen at all.

Water-colum feeding could not be observed directly, and it was not
al ways possible to determ ne whether the whales were feeding below the
surface. However, series of long dives separated by surfacings with nuch’
defecation and only slow forward notion were considered indicative of
probabl e water-colum feeding. Thi s behavior was seen frequently from3 to
22 August 1980, but rarely thereafter or in 1981.

Near - bott om f eedi ng was evi dent when whales surfaced with |arge streans
of muddy water enanating fromtheir nouths. This was seen on three days in
1980, in water 24-29 mdeep, and on one day in 1981, in water only 10-13 m
deep. W suspect that these bowheads had fed near the bottom on epibenthic

animal s rather than on inbenthos.

Skim feeding at or near the surface with nouths wi de open was observed
directly in 1980 and, less frequently, in 1981. Whal es sonetines skim fed

alone, but nore often did so in well organized groups of 2 to 14 indivi-
dual s. These groups were in echelon formation, each whale sw mming beside
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and slightly behind the precedi ng one. On one occasi on when detail ed
sanmpling of plankton was possible amdst whales engaged in prol onged and
extensi ve echelon feeding just below the surface, copepods were unusually

abundant in near-surface waters.

“Mud tracking’ occurred in 1980 when whales in only 10-12 m of water
stirred up nud as they noved along below the surface. Thi s novenent
sometimes left a trail of nmud over 1 kmlong. Underwater exhalations often
occurred during nud tracking, but were also seen at other tines.

Social interactions -- nudges, pushes, chases, and close proximty--were
observed less often than feeding in 1980, but fairly often in 1981. During
both years social behavior was less predominant in late August-early
Septenber than in early August. The diurnal peak in socializing was from
14:00~-16:00 MDT, which bridges sidereal noon. No sexual interactions were
recogni zed in 1980, but two apparent sexual interactions were wtnessed in
1981. In 1980, there were a few displays of aerial activity (breaches, tail
sl aps, flipperslaps, and associated activity at the surface), nainly by Ione
whales, but in 1981 aerial activity was nore often associated wth
soci ali zing whal es. On two occasions in 1981 whales were observed playing
with logs floating at the surface.

Synchrony. -- Different bowheads, at times spread over tens of knf,
tended to be engaged in the sanme activity and to assune sinmilar orientations,
even when apparently not mgrating. The timng of surfacings and dives
sometimes seemed to be synchronized over a large area, but this was not
substantiated by statistical analysis of the linmted data concerning this
point . The consistency in orientations was often strong; during ‘10 of 14
flights orientations of whales were significantly different from random
However, orientations changed between days. It is not known whet her
consistencies in orientation were attributable to social synchrony or to

i ndependent reactions to environnmental stinmuli, such as currents or wave
patterns.
I ndi vidual recognition. -- A few individuals were readily recognizable

by distinctive features such as unusual white pigmentation or, in one case on
3 August 1980, a harpoon line. In 1980, one group consisting of two
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distinctively marked | arge whales and a calf was resighted after 2 weeks. In

addi tion, detailed observations with binoculars often allowed identification
of subtle and snmall nmarks on the backs of bowheads, and this allowed us to

identify individuals for brief periods during particular observation
sessi ons. Qur experience and work by Davis et al. (1982) show that a
concerted effort to identify individuals from good aerial photographs would

be successful.

Surfacings, respiration and dives. -- Intervals between blows, nunber of
bl ows per surfacing, durations of surfacings, and durations of dives were
measured 2067, 270, 319 and 115 tines, respectively, for whales that were
apparently undisturbed. The variability (day-to-day and hour-to-hour) in the
nunber of blows per surfacing and the duration of surfacing was greater than

the variability in interval between blows. Overall, blow intervals within
single surfacings averaged 13.0 * s.d. 8.38 s. The mean nunber of bl ows per
surfacing was 4.19 + s.d. 2.90, and the overall nean duration of each
surfacing was 1.09 % s.d. 0.79 nin. The nunber of blows per surfacing and
duration of surfacing were highly correlated. The overall nean duration of
di ves by recogni zabl e whales was 3.17 + s.d. 4.535 nin. This estimted nean
is undoubtedly biased and too low, it was easier to tine short than |ong

di ves. The | ongest recorded dive by a presunably undisturbed whal e | asted

17.42 min. A potentially disturbed whale dove for 26.8 nin.

Several factors were related to respiration rate and to the durations of

surfacings and dives. Long dives, during which the whales were often
believed to be water-colum feeding, tended to be followed by long surfacings
with many respirations per surfacing. However, whales did not blow at

briefer intervals after long dives. Fenmales with calves respired |less often
than their calves and other adults, suggesting a lower activity level by the
mat ernal femal es. Socializing whales also respired less often than whal es
ot herwi se engaged. This result may be due in large part to the fact that
di ves of socializing whales tended to be shorter than dives of

non-soci al i zing whal es.

Calves were slightly nore than one-half the |length of acconpanying
adults, and they were usually close to the side of the presuned nother.
However, calves were on one occasion seen 100-300 m from adults, apparently



Rationale, Design and Sumary 21

remai ning at the surface while adults dove. On 8 Septenber 1981, a calf

breached repeatedly while moving away from the accompanying adult, separating
the two by about 1 km at one point.

Calls. -- Analysis of recordings mde via sonobuoy distinguished
approxi mately 9 bowhead call types, with the principal distinguishing feature
being the frequency sweep of the call. Call types were simlar to those off
Point Barrow, Alaska, in spring, but the relative proportions of the cal
types differed between the two areas. Whal es which were resting, sw nmng,
or feeding nmade nostly frequency nodulated calls, usually at a |low rate.
Actively socializing whales had a higher rate of sound production, and nost
of their calls were conplex and pulsive. Bowhead and southern right whal es
have very sinilar call repertoires

Excluding blow and slap sounds, 57% of the sounds were tonal FM calls--

ascending, descending or constant in frequency. Most FM cal I s cont ai ned
acoustic energy between 100 and 250 Hz, but some had frequenci es 400-1200

Hz. Purr-like FM calls had fundamental frequencies of 30-110 Hz plus up to
16 har noni cs. Pulsive calls contained broadband energy, principally at 400-

2000 Hz.

Rel ati onships to behavior in other species and areas. -- There was a
strong overall resenblance between the behavior of bowhead and right whales,

despite the fact that we observed bowheads in summer, whereas right whal es
have been studied mainly in winter. (Both species mate and calve in wnter

and feed prinmarily in summer.)

Bowhead behavior in our study area in summer appears simlar to that in
the Al askan Beaufort Sea in autum. Traveling is probably nmore prominent in
autum and feeding nore pronminent in sumrer, but both activities occur in
both seasons. Behavior in spring is probably less simlar, since--during
spring migration--feeding is infrequent, travel is nore directed, and ice is
a mgjor factor.
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Di sturbance Responses of Bowheads

The report with the above title (Fraker, Richardson and Wirsig 1982)
descri bes the behavior of bowhead whales in the presence of actual or
simulated industrial activities associated wth offshore oil and gas
exploration and devel opnent. The report presents data concerning responses
to boats, aircraft, noise from seismc exploration, dredging and drillships.
Both observational and experimental results were obtained for boats, aircraft

and seismic noise; only observational results were obtained for dredging and

drillships.
The experinental and observational approaches were conpl ementary. (1)
The experinental approach, in which we observed one or nore whal es before,

during and often after a period of sinulated industrial activity, provided
control data from the sanme animals as were exposed to the industrial
activity. This greatly facilitated detection of disturbance effects. (2)
When we observed whal es near ongoing industrial activities, pre-disturbance
data fromthe same whal es generally were not obtainable. However, these
observations near full-scale industrial operations had the advantage of

realism (in terns of both nagnitude and duration), which we could not

simul ate adequately in brief experinents.

Most of the behavioral observations near real or simulated industrial
activity were obtained fromthe Islander aircraft circling high overhead.
Industrial and whale sounds during experiments and other observation sessions
were nonitored via sonobuoys dropped fromthe aircraft. More detail ed
i nfornati on about waterborne industrial sounds was obtained by hydrophores

depl oyed from boats.

W observed reactions of bowheads to cl ose approach by boats or smal
ships on four occasions. In each case, observations were obtained before the
boat approached as well as near the tinme of closest approach. Bowheads
responded in two main ways: (1) Wien boats were nearby, bowheads altered
their surfacing and diving pattern by decreasing the mean time at the surface
per surfacing, the mean nunber of blows per surfacing, and the nean dive
duration. Mean surface tines and blows/surfacing were reduced even in
response to a stationary 16 mboat with its engines idling at a range of 3-4



Rationale, Design and Summary 23

km (2) When boats closed to within 1-3 km the whales, in addition to the
above responses, swamrapidly away from the boat and scattered. Whal es
directly on the boat’s track initially tried to outrun it, but usually turned
to nove off the track as the boat closed to within a few hundred metres.
None of the boat disturbances that we observed resulted in the whal es’
| eaving an area; however, the effects of nore frequent boat disturbance are
unknown. Reactions to boats were stronger in the case of sunmering bowheads
(this study) than in the case of summering gray whal es (LGL unpubl.).

Bowheads typically dove in response to our |slander observation air-
craft when it circled above the whales at <305 m above sea |evel (ASL). They
occasionally dove in response to the aircraft when we circled at 457 m
Considering all data collected in 1980-81, nean surface tinmes were slightly
reduced when the aircraft circled at 457 mrelative to those when it circled
at 610 m, but there was no evidence of an effect on respiration or dive
characteristics. On two days when a group of whales was circled at 610 m and
then at 457 and/or 305 m there were clear effects on respiration when the
aircraft descended. In general, reactions to a circling aircraft were

conspicuous if it was at 305 m minor at 457 m, and absent or undetectable at
610 m.

Underwat er noise froma Bell 212 helicopter was stronger than that from
the |slander. Thus , reactions of bowheads to such a helicopter would
probably be stronger than those to the Islander. However, during straight-
line passes at 152-610 m ASL over a hydrophore, helicopter sound was detect-
able for only 16-27 s.

Noi se from seismc exploration is by far the nost intense noise in the
Beaufort Sea, although it is not continuous, In 1980 and 1981 we saw
bowheads as close as 13 and 6-8 km, respectively, froma seismc ship that
was firing 12 |arge sleeve expl oders. Seismic signal levels at those ranges
were 141 and 150 dB//1 pPa. Surfacing and respiration behavior at 13 and 8
km fromthe seismc ship was simlar to that at corresponding water depths in
t he absence of seismc noise. I ndustry personnel reported sightings of
bowheads 2-7 kmfroma seismc ship that uses airguns. Sonobuoys showed that
bowheads often continued to call in the presence of seismc noise.
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Bowheads may react nore strongly at the onset of seismic exploration.
During a controlled experinment with one 40 in3 (655 cm3) airgun 5 km from
bowheads engaged in echelon-feeding, we found significantly reduced surface
times, blows/surfacing and calling rate, and possibly reduced dive times and
echel on si zes. The airgun was fired every 10 s for 20 rein, and near the
whal es the signal level fromthe airgun was at |east 123 dB//1 pPa. No
unanbi guous behavi oral effects were denonstrated during a second airgun
experiment 3 km from whales, and there was circunstantial evidence of
habi tuation to seism c noise. The source | evel of noise fromarrays of
airguns used in full-scale seisnmic exploration can be about 25 dB hi gher than
that fromour single airgun (248 vs. 222 dB//1 pPa at 1 n). I f bowheads
react to the onset of noise fromone airgun 5 km away, as our resul ts
suggest, they can be expected to react to the onset of full scale seismc
operations 20 km away in our shallow study area, and possibly farther away in
a deeper area where sound propagation is better.

In 1980, bowheads frequently were seen <5 km from an artificial island
that was under construction by a dredge; LG personnel saw bowheads as cl ose
as 800 mfromthe operation, and industry personnel reported that one bowhead
came as close as 16 mfroma barge near the dredge site. Sounds from the
dredge were well above anbient levels, and al nost certainly audible to
bowheads, out to at least 7.4 km

W obtained only limted information about behavior of bowheads near
sites of offshore drilling, and this drilling was from drillships, not from
i sl ands. W saw bowheads as close as 4 kmfrom a drillship, and industry
personnel reported closer sightings. The strongest tonal sound fromthe
drillship (278 Hz) was about 111 dB//1 mPa at 4 km fromthe ship. It is
uncertai n whet her bowhead behavior was affected by the presence of the
drillship. Respiration and diving behavior 4 km fromthe drillship differed
fromthat in its absence, but also differed from behavior with boat or airgun

di st ur bance.
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Characteristics of Waterborne |ndustrial Noise

The report with the above title (Geene 1982) docunents the character-
istics of the underwater sounds to which bowhead whal es were exposed during
the experi nments and observations sunmmari zed above. Underwat er noise from
certain other industrial sources, including a hopper dredge, a Twin Otter
aircraft, and a Bell 212 helicopter, also was studied. 1In addition, the rate
of attenuation of several types of industrial sounds with increasing distance
fromtheir sources was anal yzed. The results are presented in four main
ways: (1) averaged power spectra to describe the average characteristics of
industrial machinery sounds, (2) spectrograns to describe the tenporal
behavi or of industrial machinery sounds, (3) pressure-tinme waveforms to
descri be seisnmc survey sounds, and (4) equations for received level vs.
range to describe the propagation of inportant conponents of sounds from
i n-wat er sources.

Velocity profile. -- All work was in the open water of the eastern
Beaufort Sea generally north of Tuktoyaktuk during August of 1980 and 1981.
The shallow water varied in depth between 11 and 50 m Measured salinity-
temperature-depth data yielded profiles of the sound speed vs. depth. Sound
speed was relatively constant from the surface to 8 or 10 m decreased
steeply fromthere to about 20 m and was then constant to the bottom  Such
a sound speed structure in such shallow water assures that sound will travel
via downward refracted rays that bounce repeatedly between the surface and
the bottom Hi gher frequencies wll be scattered and absorbed, and | ower

frequencies will not propagate significantly in the shallow water.

Ships and boats whose sounds were studied were a sea-goi ng hopper
dredge, two small supply ships, a personnel support boat, and the fishing
boat used to collect nmany of the sound data. The hopper dredge 'Geopotes X,
136 m in length and displacing 17,981 tons, radiated the strongest
signal conponent, a tone varying in frequency between 70 and 92 Hz. The
received level was 138 dB//1 wPa at 460 m and is predicted to be
146 dB at 100 m, based on a regression equation relating received level to
range; this equation was derived from nmeasurements at ranges between 0.46

and 7.4 km  The domi nant tone froma supply ship underway was at 56 Hz. |t
was neasured at an estinmated range of 185 m as 121 dB//1 wPa, and would be
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expected (based on regression estimates for other sounds) to be about 124
dB//1 pyPa at 100 m  The bow thruster on another supply ship nmeasured at 185
mradiated a strong harmonic fanmily of tones whose fundanmental frequency was
at 118 Hz and whose strongest nenber was the second harnonic with an expected
level at 100 m of 132 dB//1 pPa. The hi ghest frequency tone found
consistently was at 1000 Hz and came from the hopper dredge; its level at 100
m woul d be expected to be 130 dB//1 pPa.

Aircraft noise. -- The fundanental propeller blade-rate from a
Britten-Norman | sl ander tw n-engine aircraft at 152 m ASL (500 ft) occurred
at 70 Hz at a level of 100102 dB//l pPa, neasured at 18 m depth and averaged
over 4 s. The strongest tone froma deHavilland TwWin OQtter at 152 m occurred
at 82 Hz at a level of 104-110 dB//l umPa, al so averaged over 4 s but neasured

at 9 m depth. The strongest recorded tone froma Bell 212 twi n-turbine
hel i copter occurred at 22 Hz at a level of 109 dB//1 wPa, nmeasured at 9 m
depth and averaged over 4 s. During the 1 s period of peak noise, the

overal | broadband helicopter sound was nore intense than that fromthe two
fixed-wing aircraft, and the |level decreased with increasing altitude.
However, when averaged over 8 s or 4 s, aircraft noise was not closely
related to altitude. When the Twin Oter or Bell 212 helicopter flew over a
hydrophore in water 22.5-25 m deep under |ow sea state conditions, the
aircraft sound was audible for 16-37 s, depending on aircraft type and

altitude.

Seismic exploration. -= In terms of intensity, the sleeve exploder
signals froma seismc survey ship were much stronger than any other sounds
exam ned in this study. They consisted of a series of high intensity pul ses
separated by several seconds. The length of the signal was 250 nms when.
received at 8 kmand 400 ms at 28.7 km  The effect of the sound transm ssion
properties existing during the neasurenents (which were typical for the place
and season) was to stretch the signal fromthe inpulse present at the source
into a chirp-like signal descending in frequency at ranges beyond about 5
km Signatures froman airgun were chirp-like at 5 but not at 3 km A
regression equation for received |evel of the sleeve exploder signals vs.

range, derived fromthe neasured signatures at 8-28.7 km (R°0.97, n "12),
predicts a |level of 180 dB//l mPa at 100 mfor frequencies near 150 Hz. This

theoretical level is useful as an indication of the very high level of these
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signals relative to those from ot her sources. However, the actual level at
such short range could be substantially different because of the extrene
extrapol ation involved (the closest range at which measurenents were taken
was 8 knj. At the longest ranges studied (28.7 km, the sleeve expl oder
signature ‘chirped’ from about 200 Hz down to 100 Hz, indicating that this
range of frequencies probably propagates best in shallow waters of the
eastern Beaufort Sea. That is also the frequency range of many of the
bowhead calls.

Drillship and dredge sounds were continuous during the periods of
measurenent, but not always very stable in their characteristics. The
dom nant tonal conponent in the drillship signature was at 278 Hz (evidently
from the main power plants) at a predicted |evel of 133 dB//Ll pPa at 100 m
The domi nant dredge tone was at 380 Hz and its predicted level at 100 m was
120 dB//1 pPa.

Transm ssion | oss was exam ned using the equations fitted to received
signal levels vs. range. These equations revealed that a cylindrical
spreading term (10 log R) plus an absorption loss term (linear function of R
provide a good description of received |evels. The absorption |oss term is
frequency dependent but insufficient data prevent us from determ ning the
exact form of the relationship. The absorption loss termfor one type of
signal at 80 Hz was 0.17 dB/km, and that for another type of signal at 1000
Hz was 2.53 dB/km. However, the results at niddle frequencies were
i nconsi stent.

Characteristics of Bowhead Feeding Areas

The report with the above title (Griffiths and Buchanan 1982) docunents
the zooplankton conposition and biomass in |ocations where bowheads were and
were not observed. \Water tenperature and salinity were neasured in relation
to depth and area, and limted information on epibenthic aninmals was al so
obt ai ned.

Physical neasurenents from both years revealed two distinct water
layers in the nearshore shallow water regi on where bowheads were feeding

during August--(1) a warm and bracki sh surface layer, generally at depths O
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to 7.5-15 m and (2) a colder and nore saline |layer bel ow Wthin the
general feeding area, no differences were evident in either year between the
tenperature and salinity profiles in locations where bowheads were and were
not observed. Waters in the general study area appeared to be a few parts
per thousand (ppt) less saline in 1981 than in 1980. Vertical zooplankton
haul s taken of f Richards Island, NNWT., and King Point, Y.T., in 1980 showed
that hydrozoans and copepods were the domi nant groups in terms of biomass
(range for total biomass: 1302-12 mg/m3 wet wt). Horizontal zooplankton tows
taken of f Tuktoyaktuk and Richards Island in 1981 al so showed that copepods
and hydrozoans were the dom nant groups, in terms of biomass, with a minor
contribution from anphi pods (range for total biomass: 2456-0.06 mg/m3 wet
wt). Highest biomasses typically occurred bel ow the thermocline (10 m and
deeper) and usually were found just above the bottom In both 1980 and 1981,

five species of hydrozoans (Halitholus cirratus, Euphysa flammea, Sarsia

princeps, Aglantha digitale, Aeginopsis laurentii) and five species of

copepods (Calanus hyperboreus, C. glacialis, Limnocalanus macrurus,

Pseudocalanus minutus, Derjuginia tolli) accounted for nost of the bionass.
However, the copepods contain nmuch nore energy per gramof wet weight. Drop
net sanples of epibenthos collected fromthree stations suggest that mnysids

(Mysis litoralis), isopods (Saduria entomon) and to a | esser extent copepods

and hydrozoans conprised al nost all the biomass on or near the bottom (1980:

1313-424 nmg/nmiwet wt.; 1981: 350 mg/mZ wet wt.).

The results fromboth 1980 and 1981 suggest that bowhead whales tend to
occur at locations with a significantly higher bionass of copepods than
present in surrounding areas. In 1981, when bowheads were observed feeding
at or near the surface, horizontal tows showed copepod bionass near the

surface to be an order of magnitude greater in those areas than where whal es

were not observed.

The average zooplankton biomass found in areas where bowheads were
observed was 0.558 g/nB8 wet weight in 1980 and 0.449 g/nmiwet weight in 1981.
| f bowheads are to consune their estimated daily caloric requirenent each
day, they must feed on aggregations of zooplankton that contain a sonmewhat
| arger average bionass than was found in either 1980 or 1981. (bservations
during this study ('’ Normal Behavior’ section, Warsig et al. 1982) suggest

t hat bowheads get portions of their daily food requirement (1) from surface
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waters , (2) fromthe water colum, and (3) near or at the bottom The
abundance of hydromedusae within the areas where bowheads feed suggests that
these animals are an inportant part of the bowhead diet even though they have

not been reported in bowhead stomach contents.

During the open water season, bowheads travel fromthe Bering Sea to the
Beaufort Sea, Annual primary production and zooplankton bi omass are hi gher
in the Bering Sea, and in addition the turnover rate of carbon is faster in
the Bering Sea. A detail ed cost/benefit analysis for the mgration would
have to consi der seasonal variation in zooplankton bi onass in each area,
effects of depth and plankton patchiness on food availability in each area,
the energy cost of swinmming, and the effects of different thermal regines.
Avail abl e data are inadequate for such an anal ysis. However, the generally
greater productivity of the Bering Sea suggests that factors unrelated to the
total anmounts of food in those two areas nay cause bowheads to move into the

Beaufort Sea in sunmer.

Neither this study nor any other has investigated the overall
distribution, biomass and productivity of plankton in the eastern Beaufort
Sea in a systenmatic or quantitative way. This type of information would be
needed to assess the effects of the potential exclusion, by industrial
activity, of summering bowheads from certain feeding areas. As yet, it is
uncertai n whether such excl usi on would actually occur, but the denpnstrated
reactions to boats, aircraft and the start-up of seismc exploration suggests
that the possibility is real, at | east on a local basis. The inportance of
exclusion from specific areas with intense industrial activity would depend
on food availability there and el sewhere. 1In particular, the availability of
unexploited ‘patches’ of concentrated food in alternate areas would be
inportant if bowheads were excluded from favored areas. Neither the

occurrence nor the factors controlling plankton patchiness has been studied
in the eastern Beaufort Sea.

Di stributional studies in 1980-1982 have shown consi derabl e year-to-year
variability in the novements and concentrati on areas of summering bowheads.
It is not known whether there were corresponding variations in food
availability. This uncertainty confounds any attenpt to relate changes in
bowhead activities to changes in industrial activity. This study has shown
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t hat bowheads sonetimes show pronounced short-term reactions to transient
industrial activities such as boats, aircraft and start-up of seismc
sounds . However, bowheads al so show considerable tol erance of ongoing
activities such as dredging, drilling and prolonged seismc exploration.
Whet her any of the year-to-year variations in distribution can be attributed

to these industrial activities is unknown.
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ABSTRACT

Behavi or of bowhead whal es was observed from an aircraft during 14 of 16
flights on 3-31 August 1980 and 18 of 28 flights on 31 July-8 September 1981,
nostly off the Tuktoyaktuk Peninsula and Mackenzie Delta, N WT., Canada.
Excluding ferry and reconnai ssance time, detailed behavioral observations
were made for 30.4 h in 1980 and 30.8 h in 1981, while flying distances up to
approxi mately 200 km from honme base at Tukt oyakt uk. During 1981, whales
were, in general, less concentrated and farther fromshore than in 1980.

During 1980, the predom nant activity seen was feeding. At various
ti mes bowheads apparently fed in the water colum, at or near the bottom and
at the surface. An additional behavior, ‘nud tracking , also seened to be
associ ated with feeding. Underwater blows also tended to occur during
periods of feeding, but there was no definite evidence that they were a
feeding behavi or. Al five of these behaviors were seen less frequently in
1981, and mud tracking was not seen at all.

Social interactions--nudges, pushes, chases, and close proximity--were
observed |ess often than feeding in 1980, but fairly often in 1981.  During
both years social behavior was |less predonmnant in late August-early
Septenber than in early August. The diurnal peak in socializing was from

14:00-16:00 MDT, which bridges sidereal noon. No sexual interactions were
recogni zed in 1980, but two apparent sexual interactions were wtnessed in
1981. In 1980, there were a few displays of aerial activity (breaches, tail

slaps, flipperslaps, and associated activity at the surface), mainly by |lone
whales, but in 1981 aerial activity was nmore often associated with

soci alizing whales. On two occasions in 1981 whal es were observed playing

with logs floating at the surface.
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Different bowheads, at tines spread over tens of km? | tended to be
engaged in the sane activity and to assune similar orientations, even when
apparently not migrating. The timng of surfacings and dives sonetinmes
seemed to be synchronized over a large area, but this was not substantiated
by statistical analysis of the limted data concerning this point. The
consistency in orientations was often strong; during 10 of 14 flights
orientations of whales were significantly different from random However ,
orientations changed between days. It is not known whether consistencies in
orientation were attributable to social synchrony or to independent reactions
to environmental stimuli, such as currents or wave patterns.

A few individuals were readily recognizable by distinctive features such
as unusual white pignentation or, in one case on 3 August 1980, a harpoon
l[ine. In 1980, one group consisting of two distinctively nmarked |arge whales
and a calf was resighted after 2 weeks. In addition, detailed observations
with binoculars often allowed identification of subtle and small marks on the
backs of bowheads, and this allowed us to identify individuals for brief
periods during particular observation sessions

Intervals between bl ows, nunber of blows per surfacing, durations of
surfacings, and durations of dives were neasured 2067, 270, 319 and 115
times, respectively, for whales that were apparently undisturbed. The
variability (day-to-day and hour-to-hour) in the nunber of blows per
surfacing and the duration of surfacing was greater than the variability in
i nterval between blows. Overall, blow intervals within single surfacings
averaged 13.0_+ s.d. 8.38 s. The nean nunber of blows per surfacing was 4.19
+ s.d. 2,90, and the overall nean duration of each surfacing was 1.09 + s.d.
0.79 mn. The nunber of blows per surfacing and duration of surfacing were
highly correlated. The overall mean duration of dives by recognizable whales
was 3.17 # s.d. 4.535 min. This estimted nmean is undoubtedly biased and too
low, it was easier to time short than long dives. The longest recorded dive
by a presumably undisturbed whale lasted 17.42 min. A potentially disturbed
whal e dove for 26.8 min. There was no consistent relationship between time
of day and any of the respiration and surfacing characteristics

Several factors were related to respiration rate and to the durations of
surfacings and dives. Long dives , during which the whales were often
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believed to be water-colum feeding, tended to be followed by |ong surfacings
with many respirations per surfacing. However, whales did not blow at
briefer intervals after |ong dives. Fermal es with calves respired | ess often

than their calves and other adults, suggesting a lower activity |level by the
mat ernal fenal es. Socializing whales also respired Iless often than whal es
ot herwi se engaged. This result may be due in large part to the fact that
dives of socializing whales tended to be shorter than dives of non-
socializing whales. Surface tines, blows per surfacing and dive tinmes tended
to be short when water depth was very shallow (<15 m, but otherw se there

was no clear relationship between these variables and water depth.

Calves were slightly nore than one-half the | ength of accompanying
adults, and they were usually close to the side of the presuned nother.
However, calves were on one occasion seen 100-300 m from adults, apparently
remaining at the surface while adults dove.

Anal ysi s of recordings made vi a sonobuoy di stingui shed approximately 9
bowhead call types, with the principal distinguishing feature being the

frequency sweep of the call. Call types were simlar to those off Point
Barrow, Alaska, in spring, but the relative proportions of the call types
differed between the two areas. Whal es which were resting, sw nmng, or

feeding made nostly frequency nodulated calls, wusually at a low rate.
Actively socializing whales had a higher rate of sound production, and nost
of their calls were conplex and pulsive. Bowhead and southern right whales
have very simlar call repertoires.

In addition to aerial observations, shorebased observations using a
theodolite were obtained in both years from Herschel |sland, Yukon Territory,
Canada. The mean water depth over which whal es travelled near shore was 32.0
+s.d 10.24 m n = 179, in 1980, and 36.3 + s.d. 9.36 m n =78, in 1981.
Blow intervals (14.6_+ s.d. 9.56 s, n = 60) were slightly I onger than those

seen fromthe air during the study as a whol e. During 1980, the average
swinming speed was 5.1 + s.d. 2.93 kmlh, n = 18. On 8 Septenber 1981, a calf
observed from shore breached repeatedly over a period of 20 min. Its average

speed between breaches was 5.5 + s.d. 3.98 kmih, n = 10, and it noved up to
22.7 kmih as it headed back to its presuned nother 1 km distant.
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Ringed seals, white whales, phalaropes, and gulls at times were seen near
bowhead whal es. Birds may have been feeding on prey stirred up by the
whal es.

There was an overall strong resenbl ance between the behaviors of bowhead

arid southern right whales, despite the fact that we observed bowheads in
sumer and right whales in winter.
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| NTRODUCTI ON

The nornal, undi sturbed behavior of the bowhead whale, Balaena
mysticetus, has not been the specific object of any previous study. Limted
infornmati on about various aspects of its behavior has been obtained during
several studies wth nore general objectives. The present study was
conducted as part of a broader analysis of the potential effects, on
bowheads, of offshore oil and gas exploration and devel opnent in the Beaufort
Sea. In order to assess these effects, and in particular to plan and
interpret experinmental studies of the effects of industrial activities on
behavior, it was necessary to obtain a nore conprehensive and quantitative
under st andi ng of the nornal behavior of the bowhead.

This ‘normal behavior’ study is one of several tasks conprising the
overal | study. The other tasks are studies of the responses of bowheads to
boat, aircraft and noise disturbance (Fraker et al. 1982; Greene 1982) and a
study of the characteristics of bowhead feeding areas (zooplankton,
epi benthos, tenperature, salinity, etc.; Giffiths and Buchanan 1982). The
work on all tasks was planned as a two-year study and the present report
presents final analyses of the results from these two years.

Obj ecti ves

The general rationale for the overall study is given in the preceding
‘Project Rationale, Design and Sunmary’ section (Richardson and Fraker
1982) . The specific objectives of the ‘Normal Behavior’ task have been
defined by the Bureau of Land Managenent in the follow ng way:

-“ldentify and describe, qualitatively and quantitatively, the daily
and seasonal behavior (e.g., feeding, breeding and calving) and
activity patterns of the various age and sex classes of bowhead whal es

that occur in the eastern Beaufort Sea, and as it relates to the U S.
Beaufort Sea |ease sale area...
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-“Provide reliable baseline information which, in conjunction with long-
termnonitoring prograns, can be used to detect changes in bowhead
whal e distribution, nmovements , activity patterns, etc. that may be

caused by offshore oil and gas devel opment in the Beaufort Sea.

-“Assist and coordinate with other BLM investigators in collecting

informati on needed to: (a) deternmine the seasonal distribution and
nmovenents of bowhead whales in and adjacent to the Beaufort Sea Lease
Sale Area; and (b) identify and characterize bowhead whal e feeding
areas, breeding/calving areas, or other areas of sinilar biological
significance that may occur in or adjacent to the Beaufort Sea Lease
Sale Area.”

After discussions with BLM it was agreed that our work should be in the
eastern part of the Beaufort Sea, off Canadian shores, and that the studies
of normal behavi or should be oriented toward devel oping a general (as opposed
to site-specific) understanding of bowhead behavior in the Beaufort Sea.
Anal ysis of feeding, social and reproductive behavior and other general
aspects of behavior were to be enphasized in this study, and studies of
di stribution and seasonal novenents were to be de-enphasi zed*. CGener al
know edge that could best be obtained during this study in the eastern
Beaufort, together wth results from site-specific studies of bowhead
activities in and near the lease areas in the Al askan Beaufort (e.g.
Ljungblad et al. 1980b; Ljungblad 1981), would then be used to assess
potential disturbance effects in the lease areas.

The underlying basis for this study is the concept that know edge of
normal behavior is a prerequisite for understanding the biological signifi-
cance of responses to disturbance. It is widely assuned that waterborne
sound is of great significance to marine mammals, and noi se from offshore
industrial activities has the potential to mask natural sounds or otherw se
to disturb bowheads. Hence, an analysis of the characteristics and
significance of bowhead calls is an inportant objective of the project.

* Separately funded studies of distribution and novenents of bowheads in the
eastern Beaufort Sea were performed, however, in both 1980 (Renaud and
Davis 1981) and 1981 (Davis et al. 1982).
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Revi ew of Previously Existing Knowledge

The behavi or of bowhead whal es has never been described in nmore than a
general way. Fraker and Richardson (1980) summarize previous know edge of
t he behavi or of the bowhead. Scoresby (1820), Scammon (1874) and Bodfish
(1936) discussed behavior of bowheads while the whal es were under stress
during capture, but systematic observations of undisturbed behavior
commenced only recently. Davis and Koski (1980) and Koski and Davis (1980)
measured durations of dives, surface tines and sw mming speeds for migrating
bowheads in the eastern Canadi an arctic. Braham et al. (1979), Rugh and
Cubbage (1980) and Carroll and Smithhisler (1980) did simlar work in the
western arctic on whales nmigrating along the northwest coast of Al aska.
Everitt and Krogman (1979) described six interacting whales during the spring
mgration past Point Barrow. One whale of this group had its penis extended,
and the authors suspected that the group was involved in mating. There are
other informal and anecdotal accounts of bowheads engagi ng in precopulatory
behavior in the Bering and Chukchi Seas (e.g., Carroll and Smithhisler 1980;
Johnson et al. 1981; Ljungblad 1981), and it is believed that mating occurs
during the spring migration or just prior to it. During the present.study in
the eastern Beaufort Sea during sumrer, nmuch socializing and traveling and a
smal | anpunt of apparent precopulatory activity were seen although, as
hypot hesi zed by Fraker and Bockstoce (1980), bowheads spent nobst of their

time feeding.

Only in the last several years has there been reliable docunentation of
bowhead sounds, and no detailed analysis of those sounds has been published
until very recently (see ‘Bowhead Sounds’ section, below).

The right whal es (Eubalaena glacialis and E. australis) are the cl osest
living relatives of the bowhead. Their appearance and behaviors are simlar
to those of the bowhead. Right whales have been studied extensively by Payne
and his co-workers off southern Argentina (for exanple: Payne and Payne
1971; Payne 1972, 1974, 1976; Payne et al. 1981), and there have been
additional studies by other workers (Cummings et al. 1972; Saayman and Tayler
1973; Watkins and Schevill 1976, 1979). W drew on this know edge of right

whal es and conpared themto bowheads. Thi s conparative approach will becone
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nore fruitful as southern right whale data are anal yzed in greater detail,
and as bowhead whal e studies continue. Mich of the field work, analysis and
interpretation for the present study were carried out by researchers

intimately familiar with right whal e behavior.

Approach

Qur approach to the normal behavior task (and other tasks), and also the
rationale for choice of the eastern Beaufort Sea as the study area, is
outlined in the previous section on ‘Project Rationale, Design and Summary'
(Richardson and Fraker 1982). The following is a brief sunmmary.

Responsibility for the norms 1 behavior work was assigned on a
subcontract basis to the New York Zool ogi cal Society (NYZS; task supervisor:
Dr. R. Payne). Responsibility for other tasks and for |ogistics remained
with LG Ecol ogical Research Associates, Inc, (the prine contractor) wth
assistance from Pol ar Research Laboratory, Inc. (PRL; subcontractor for
underwat er  acoustics) . Field work on all tasks was conducted in a
coordi nated way by LGL, NYZS and PRL.

The date of contract award was 30 June 1980. Fi el dwork began in early
August 1980 and late July 1981, and continued to m d Septenber of both
years. Fieldwork was based at Tuktoyaktuk, Northwest Territories (Fig. 1), a

coastal settlement with facilities for personnel, aircraft and boats.

Qbservations of normal behavior were conducted by aircraft-, boat- and
shore-based observers. Aircraft-based observers had the advantage of high
nmobility and a good vantage point and consequently collected the najority of
t he data. Sonobuoys were dropped fromthe aircraft to allow us to hear and
record bowhead sounds; boat- and shore-based observers had hydrophores for
this purpose. Sonobuoys also allowed us to deternmine when industrial noises
were present in the water; observations of bowheads under such conditions may
not represent undisturbed behavior, and have been excluded from the ‘ Nornal

Behavior’ section of this report.
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METHODS AND DATA BASE

Aerial Observations

We made aerial observations froma Britten-Norman | sl ander aircraft
based at Tuktoyaktuk. The I|slander has two piston engines, high wng
configuration, |low stall speed, radar altineter and forward-|ooking radar.
The plane was al so equi pped with an OnTrac VLF/ Orega navigational system
whi ch continuously conputed the position of the aircraft, usually within 1.8
km of the real position. Positions and flight tracks were recorded fromthe
VLF/ Orega system by an onboard conputer (HP 9835A) in 1980 and manually in
1981. Sonobuoys (AN/SSQ-41B or AN/SSQ-57A) could be depl oyed and nonitored
fromthe aircraft (details in ‘Characteristics of Waterborne Industrial
Noi se’ section, Geene 1982). A handhel d col or video canera (JVC-CV-0001)
connected to a portable videocassette recorder (Sony SLO-340) was used

t hrough the side windows to record oblique views of bowheads.

On board were three or four observers and a pilot. In 1980, the
observers included two biologists reading behavioral observations into
cassette recorders and one operator of the electronic equipnment. The
bi ol ogists were seated in the right front (co-pilot’s) seat and in rear
seats. \Wile circling over whales, the rear observer was usually also on the
right side. In 1981, biologists seated in the co-pilot’'s seat and in the

seat directly behind it described behavioral observations, which were usually
recorded onto audiotape, and also were immediately transcribed onto data

sheets by a biologist sitting in the left rear. This arrangenent worked
well, for it allowed feedback from the person filling out data forns to the
observers if descriptions were unclear or inconplete. The person taking

notes was also responsible for readying and | aunchi ng sonobuoys and dye
markers, and for nonitoring sound recordi ng equiprent. A fourth researcher
in the rear right seat was mainly responsible for videotaping behavioral
sequences. The biologists were in constant communication via intercomto
avoid duplication of their observations, and in 1981 the intercom audio was
recorded onto the voice channel of the video recorder whenever bowhead
behavi or was vi deot aped.
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In 1980, we made 16 flights between 3 and 31 August and nade behaviora

observations during 14 of the flights, Total flight duration was 101 hours,
and we were within sight of bowhead whales for 30.4 h. In 1981, we made 28

flights between 31 July and 8 Septenber. Total flight duration was 116.8 h

and we were wthin sight of bowhead whales for 30.8 h. Behavi or a
observations were rmade during only 18 of the 28 flights in 1981, because
whal es were nore difficult to locate than in 1980. In 1980, our flights were

usually within a radius of 130 km of Tuktoyaktuk. In 1981 bowheads were nuch
| ess numerous near Tuktoyaktuk, and we often flew 200 km or nore to the west,
north or northeast. W usually did not fly when wind speed exceeded 25 knih
or when the waves exceeded sea state 3; whales are difficult to detect and
behavior is not reliably observable in nmore severe conditions. Wi | e
searching for whales, we usually flew at 457 to 610 m (1500 to 2000 ft) above
sea level (ASL), and at 185 kmih. Wiile circling over whales, we usually
reduced speed to 148 kni h. Bowheads rarely appeared to be disturbed by the
aircraft when it remained at or above 457 m (see ‘Disturbance’ section,

Fraker et al. 1982).

Qur usual strategy was to search until we encountered bowheads and then
to circle over them as long as possible while naking observations. Once con-
tact was lost, we searched for another group. W created a fixed reference
poi nt about which to circle when bowheads were bel ow the surface by depl oyi ng
a dye marker (l1-2 teaspoons of fluoroscein dye in about 2 liters of water in
a plastic bag 1-2 mil thick which burst on inpact with the water).

On four days (9, 11, 12 and 22 August 1980) we conducted a systematic
grid survey of a 33.3 by 51.5 km area centered on Issungnak, an artificial
island located in about 19 mof water north of the Mackenzie Delta (Fig. 1).
A dredge was being used to build up the island during this period. During
these four surveys we did not circle bowheads to observe their behavior over
prol onged periods, but sone behavioral information was obtained. These four
flights are included in the 101 h total flight duration for 1980, but (wth
one exception noted below) not in the 30.4 h total for ‘tine within sight of

bowheads’ . Results of these surveys are discussed in the *'Disturbance
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section. Simlarly, on 13 August 1981 we conducted a grid survey enconpas-
sing an area 55.5 by 85.1 km around Issungnak. This survey is included in
the 1981 total flight duration, but not in the 30.8 h total tinme wthin sight
of bowheads. The purpose of the 1980 flights was to study bowhead
di stribution around the dredging operation at |ssungnak; the 1981 flight was

to locate whales for experinmental study and to docunment their distribution in
an area of industrial activity.

W encountered bowhead whales during every day we flew in 1980, and
during the nmgjority of the days in 1981. Nurmbers usually were sufficiently
large for us to make an assessnent of their basic behavior patterns.
Al though there were many situations and observabl e behaviors, we usually were
able to obtain consistent records of 15 variables and types of behavior:

Location of sighting (and therefore water depth);

Time of day;

I ndividual l'y distinguishing features (if any) on whales;
Nunber of individuals visible in area; nunber of calves;

1
2
3
4
5. Headings of each whale in degrees true;
6. Distances between individuals (estimated in whale |engths);
7. Length of tinme at surface and sonetimes length of dive;

8. Timng and nunber of respirations, or bl ows;

9. Muth open or closed;

10.  Underwater blow (releasing large clouds of bubbles underwater);
11. Defecation;

12. Coming to the surface with nud streanming from the nouth;
13. Socializing and possible mating;

14, Aerial activity: breaches, tail slaps, flipper slaps, Ilunges ,
rolls;

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

Descriptions of the various behaviors nentioned above appear later in this
report.

The 16 flights of 1980 are summarized in Table 1, and the 18 flights of
1981 (considering only those with behavioral observations) are sunmarized in
Table 2. The resulting behavioral observations were distributed by hour of



Table 1. A smmary of aerial observations Of bosheal behavior, 1980

Est.
Tine OVEl Bowheads Estimated  area

Distance frm Depth Of Number under

Dat e start stop Tot al Shore (lm) & Water* of abs

(1980)  @OI)  (OI) howrs  Location (n Whales (a?)  General Behavior Caments

Ang 3 1612 1815 2.0 8 Km north Of 18-20 m 10-15 100 long 0i Ve times and Whales are in the mddier Water aot 2-3 ko
Tuktoyaktuk & meh de fecat im, 2 from @ md tO Clear water interface, recog-
5-18 kmeast of to 5 whales dive in nizable whale W 1N hampoon | iN€ 0N back
Issungnak synchrony

Aug4 1910 1931 1.2 80 m north of  18-20 m 10-15 100 Rapid di VES upon Lov clowd cower, airplane @l titude of
Tuktoyaktuk & airplane approach, 200250 M

1943 2036 5-18 1 east of cannot di stern

Issungnak wdisturbed Dehavi or

Augb 0939 1112 2.0 90 km north of  30-38 m aout 50 100 thales Often within
Tuktoyaktuk & several meters Of

e #1 1127 1155 1520 km & sash other, meh
Of  Tssungnak pushing and other

Interactions

Augb 2017 2226 2.2 9% lam north of  30-38 m aoet 50 100 As shove - also a

it . # Tuktoyaktuk ard lore wale Dreaches,
15-20 @ N of flipper and tail S| aps
Issungnak for 40 minutes

Aug 7 1408 1w 2.0 85 kmnorth of 31-36 m 20-30 100 Whales C1OSS together 2 recopnizable adult whales; ON€ has a t.hite
Tukroyaktuk & as on 6 August tail, the other has a snite triagle m the
15 km east Of pducle (and is with tige calf 1/3 size of
Issungnak adult )

awg 12 1632 1652 0.3 % km northwest  24-29 M Shout 20 80 nd streams aut Of Thi s observation Was made durimg SYS tematic
of Tuktoyaltuk mouths @S whales surveys around Issungnak
& 22 tm west of surface
| ss-

Continued. . .
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Table 1. Cont irmed

Est.
Time OVEl Bowheads Estimated area
Di stance fron Depth Of  Number under
Dat e S art stop Tot al shore (km & Water* of ohs
(1980) MOT) MOT) hours  LOCA i (n Whales () CGeneral Behavior Coment: S
Aug 14 1357 1405 0.2 90 lm northwest about ' m  only 2 Two whales dive Low cloud cover, airplane altitude Of
of Tuktoyaktuk seen as airplane appoaches, 200-250 m
§ 20 im west Of camot 0l SCErn udis-
Issungnak uobed Dehavi or
Aug 19 1919 2036 2.1 56 KM northwest  10-12 M 20-30 25 thales in very shal | ow A boat wwes through these wales and
of Tuktoyakruk water StIT up md @S scatters the group (see 'Distrbance ' S€Ction)
2243 2330 & 18l east of they wowe, ad exhal e
Pullen TIsland often w ile undervater
Aug 19 2137 2229 0.9 13 ku west Of 10 o 20-30 50 thales do net churn
McKinley 8ay Up md, and are bl owing
on the Tukeo- underwat er very little,
yaktuk Perin. soe wouths open at
sur face
ag 20 1040 1140 1.0 25 im rortheast 10m 20-30 25 Wales i n very shal low
Fit, #1 of Ppullen Island water Stir up md as
they mwe, ad exhal e
often wile underwat er
ag 20 1140 1306 3.3 25 tm northwest 12m 20-30 25 Whales chum up some Recognizable whales seen again—hite tail,
Ao . #0132 1358 of Vérren mud K.bite triagle o peduncle and (small) calf
Fle, #2192 2018 Poi nt
ag 20 2021 2058 0.6 18 tm rorth Of 18m 20-30 25 Mouths possibly open
Fli, #2 MeKinl ey Bay

Contimued...
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Table 1.

Contimed.

Est.
Time WEr Bowheads Estimted area
Distance from Depth Of  tumber uder
Date start stop Total Shore (lm) & Water* of obs Hk
(1980) (MoT) (MDT)  nours Location n vhales (kn®) General Behavior Comrents
ag 21 2229 2330 1.0 20 kmnorth of 12-13 m about 7 9 Short periods at
Wrren Point surf ace
fg 22 1043 1119 0.6 20 km north of 12 m gbout 10 9 thales at surface
warren Point singly OF N small
groups, no specif | C
behavior discernible
Ang 72 1124 1415 2.9 18 ko north Of 12-14 m 20-30 50 Vhales' muths open
MKinley Bay as they mwe slowy
at Surfs% often 2
Or more staggered
sick by side, ome lme
whale breaches, 11 pper
and tail slaps
Aug 23 1027 1203 1.6 dout 24 lm 18-22 m 20- 30 50 Mouths open; slowly
wrth Of wving at surface, dive
McKinley Bay synchrony DYy 5710 vhales
g 27 12% 1317 2.6 22-27 km north 17-19 m 15-20 50 thales' mouths NOt  open, Disturbance trials with boat ad 4 shales
1408 1627 of MRinley Bay mlling at surface (see 'Disturbance’ SeCtion)
Ayg 29 1212 1222 1.9 0 km west- % m about 50 Whales MAINlY N small Recogni zabl e shales - hi gh swite chin and @
1241 1420 nortivest  Of 8-10 grimips of tw o three, white peduncle
1436 1438 Baillie Island much interact ing

Contimed...
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Tsble 1. Conc luded

Est.
Time over Bowheads Est i mat ed area
Distance from Depth Of tir under
Dat e Start stop  Tot @ Shore (lad s Waterk of obs #*
(1980)  @or) (o)  hours Locarion () Whalea () Gereral Behavi or Camments
Aug 31 1215 1437 2.7 50 to 65 km 23-28 ' m more 650 Whales mainly in small VMl €S spread owr large area, far fon shore
1451 1459 north of the than graups Of o £ O three,
1511 1523 Tuktoyalduk 20 sre | Nteracting
Penin. , spreal
frm WArTeEN
Point to Cape
Dalhousie

* Location was determined fram the VLF navigation system on the aircraft, and water depth for the corresponding latitude and longitude was taken from hydrographic

charts.
** This is the approximate area over which the aircraft circled and within which the 'Estimated Number of Whales' were found.
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Table 2. A sumary Of aerisl cheervations Of howhead bebavior, 1981.

Time over Bowheads

Est.
Estimated ar ea

Depth of Number under
Date start stop  Total Distance from Shore Water* of ohs 2.** _
(1981) (m (MOT)  hours (kn) and |ocation (m) Whales  (kp®) General Behavi Or and Comments
5 Aug 1005 1158 1.9 85km N of Pullen Isl. 68 5 25 Sme soclalizing; def ecating; _ possible subsurface
feeding; seismic pinging throughoat
6 Aug 2250 2255 0.1 98 km NW of Pullen Isl, 69 1 25 Subadult, very active at surface
8 Aug 1920 1930 0.2 139 km Nof Atidnson Pt. 65 l 25 A recognizable whale; inactive near the surface
off Tuktoyaktuk Pen.
1957 2116 1.3 139 km N of Atidnson Pt. 65 2 25 Inactive near the surface; amorg loose | CE
of f Tuktoyaknk Pen.
2124 2128 0.1 139 km N of Atldnson Pt. 65 l 25 Slowly travelling
of f Tiktoyaktuk Pen.
10@ 1243 1,255 0.2 176 m N of Atidmsm Pt., 690 2 25 Slow of no movement
FIt . #1 - - Pen.
1424 1431 0.1 148 % N of musselt Inlet, 152 5-10 25 Slow Of M movement. Apparent precopulatory
Tuktoyaktuk Pee. interaction; two animals
1448 1518 0.5 148 km N of mwssenn Inlet, 152 10-15 25 Slow or no movement
Tuktoyaktuk Pen.
10 4y 2027 2041 0.2 70 km MV of Pullen Isl. 38 1520 25 swe socializing
Fit. ®

Continuad...
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Tabl e 2. Concluded

Est.
Time over Bowheads Estimated area
Depth of Number under
Date start stop Tot al Distance fram Shore Water* of obs ok
(1981) (MOT) (M)  hours () and Location (m Whales  (ko®) General Behavi or and Coments
24 ayg M5 1739 3.6 3346 km M4 of Pullen 28-39 30-40 300 A little echelon feeding; possible Wat €r cohmn feeding;
Isl. calves stay at surface while adults dive
25 Aug 1121 1418 3.0 19-22 km W of Pullen 10-13 15-20 300 Mo streaming out of vhale muths; | 0 playing; apparent
precopulatory  pehavior
3 Sept 1118 1147 0.5 110 km fren shore of ? 6-10 25
At . #l Rerschel Isl,
1157 1206 0.2 1-10 km fran ghore Of ? 6-10 25
Berschel Isl.
1215 1314 1.0 1-10 W fran ghore Of ? 6-10 25
Herschel Isl.
3 Sept 1824 1831 0.1 1-10 ko frcm shore Of ? 6-10? 25
Fit, #2 Herschel 1s1.
6 Sept 1753 1940 2.1 4l km N of Komakuk 53 6-10? 3007 Mouth open by one whale one time
Beach, Y.T.
7 Sept 1148 1302 1.2 7-9 tm Wof Herschel Isl. 22-30 6-10? 3007
8 Sept 2112 2216 11 11-13 km w Of Herschel 26-30 10-15? 3007

Isl.

%, %% Defined as in Table 1.
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day as presented in Figure 2. These observation tinmes are divided into
peri ods when there was no known potential man-made disturbance in the
observation areas, and periods when there was potential disturbance. In this
section of the report, we will describe only the behavior observed with no
known potential disturbance. Data collected during the periods of potential
di sturbance are described separately in the ‘Disturbance’ section (Fraker et
al. 1982). The nunbers of hours of behavioral observation over different
wat er depths are shown in Figure 3; observations in 1981 were usually in
deeper water than in 1980.

Shor e- Based Observations

Shor e- based observations were obtained in both 1980 and 1981 fromthe
sout heast bluffs of Herschel Island, Yukon Territory (69°35'N; 138°51'W),
about 210 km west of Tuktoyaktuk. To obtain horizontal and vertical bearings
for each whale sighting, a surveyor’'s theodolite was used from a high point
(50 mASL in 1980 and 90 mASL in 1981) on the coast. In 1980 we used a WId
theodolite, Mdel Tl, with 6 sec accuracy and 30-power optics. In 1981 we
used a Nikon theodolite, Mbddel NT-2A, with 20 sec accuracy and 30-power
optics. The bearings could later be translated to x and y coordinates on a
map of the area. Behavi oral observations by the theodolite operator were
al so recorded. This technique, developed by R Payne, is described by Wirsig
(1978a). The station was in use from 19 August to 11 Septenber 1980, and 23
August to 13 Septenber 1981.

Cbservers on the bluff took turns at the theodolite. Figure 4 shows the
watching effort from the theodolite site by hour of day for each year.
Usual |y one observer |ooked through a tel escope or binoculars and reported
blows to the theodolite operator, who then |ocated the whal e making the bl ow
and determined its horizontal and vertical bearings. Locations of nost
whales within a 10 km radius of the theodolite station during fair weather
and dayl i ght hours were docunent ed, Unfortunately, whales rarely approached
Herschel Island closer than 5 km during the 1980 field season, so details of
behavior were difficult to discern. In 1981, fewer whales were seen, but
they were closer to shore, allowing nore detailed behavioral observations.
In both years the whales seen often appeared to be lingering in the area
rather than migrating rapidly through.
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A second shore canp--at King Point along the mainland coast of the Yukon
(69°04'N, 138°00'W)-~was manned from 16 August to 13 September 1980, and from
19 August to 3 Septenber 1981. In sone previous years bowheads appeared
close to shore at this location in late sumer (Fraker and Bockstoce 1980).
However, in 1980 only one bowhead was sighted from King Point; this was on 18
August . In 1981, blows, probably from bowheads, were heard offshore in fog
on 18 and 19 August. These probably represented one whale on each day. The
18 August blows indicated that the whale making themwas traveling
west war d. On 3 Septenber 1981, a bowhead whal e that appeared smaller than a
full -grown adult was observed fromKing Point traveling toward the northwest

about 1 km from shore.

Boat - Based (bservations

Three boats in the 12-16 m class were used for various purposes in this
proj ect. During 1980, some behavioral observations were obtained from the
'Ungaluk' and the ‘Inperial Adgo’. The 'Ungaluk' is a 14 msailing vessel
with auxiliary diesel; it was used off the Mackenzie Delta from7 to 14
August 1980. The ‘Inperial Adgo', a 16 m vessel, was used to obtain
behavi oral data from 23 to 27 August 1980. It is fast (up to 40 km h) and
thus very efficient in approaching whales and obtaining information,
especially on whale orientations relative to the boat. During 1981, the 12 m
di esel vessel ‘Sequel’ was used to observe whales from 31 July to 6
Septenber. Because observations from the boats pertain nostly to experinental
di sturbance trials, they are detailed in the ‘D sturbance’ section of this

report.

RESULTS AND DI SCUSSI ON

Descriptions of Behaviors

The behaviors of bowheads that we saw can be described as follows:

Bl ow

A blow is an exhal ation of air by a whale; it usually occurs when the
whal e’ s nostrils are above the surface, but can occur with nostrils bel ow t he
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wat er surface as well. Blows are of variable detectability, probably ow ng
to differences in the force of the exhalation and in the ampbunt of water
accumul ated near the bl owhol es. It is alnbst certain that not all blows are

detectable. Blows by calves sometimes are especially difficult to see. The
blow interval is the tinme between visible blows while whales are at the
surface. We had no nmeans of estimating the volume of air exhal ed, but
differences in height of the spout indicate that considerable variation in

volunme or force occurs.

Surface Bl ow

The surface blow is usually forceful and short, |asting about one
second. It Iooks very much like that of the southern right whale, although
we never saw bowheads produce the extended exhalations lasting 2-3 s which
right whales sonetimes give on their breeding grounds. The first blow after
a dive often appears nore forceful than others, possibly because nore water
may be collected over the blowhole at that tine. Blows in calm water and by
animals lying quietly at the surface can be difficult to see

Def ecati on

Defecation usually consists of a cloud (2-3 min dianeter) of red-orange
feces near the surface. Whales alnobst invariably noved forward or dove upon
defecating, and well over 50% of the bowheads observed defecating in 1980 did
so while the tail was arched up high out of water just before the dive. The
anus was thus very close to or even at the surface, and no part of the body
appeared to touch the feces cloud. This cloud was visible at the surface for
up to 10 nin. When whal es noved forward whil e defecating, the feces were
more dispersed, and disappeared within 1-2 min. Brown (1868) noted that the
feces of eastern arctic bowheads were also red, and Renaud and Davis (1981)
observed red clouds of feces off the Tuktoyaktuk Peninsula in 1980. Although
23 defecations were observed during 30.4 h over whales in 1980, only 11 were
seen during 30.8 h over whales in 1981. The difference is statistically
significant (chi-square = 4.39; df = 1; 0.025<p<0.05), and may be related to
year-to-year differences in feeding patterns
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Tai|l Beats

A whale noving rapidly at or slightly below the surface often |eaves
a trail of circular surface disturbances representing the |ocations where the
fl ukes change direction fromtheir upward to their downward sw ng, These
circles, termed fluke tracks and caused by upward noving water, are seen in
all species of whales when they are swinmming close to the surface and can be
used to count the nunber of strokes the whale uses to propel itself a given
di st ance. I n bowheads, each tail beat near the surface propelled the animal

forward by approximtely one whale length, or about 15 m

Pre-di ve Flex

The pre-dive flex is a distinctive concave bending of the back seen just
before many bowhead dives. The whale flexes its back by about 0.5 to 1 m so

only the snout and tail are visible at the surface. This action usually
creates considerable whitewater along the back, especially at the tail. The
whal e then straightens its back and lies nonentarily still at the surface

before commencing its dive. This pre-dive flex occurs about 3-7 s before the

actual dive

The pre-dive flex was seen nore often during 1980 than during 1981.
Althoﬁgh it occurred previous to dives well over 50% of the time in 1980, it
occurred only 8% of the tinme (before 29 of 352 dives) in 1981. One maj or
difference in observation circunstances during the two years was water depth
(Fig. 3); this may have influenced the frequency of pre-dive flexes.
However, analysis of 1981 data shows no relationship between frequency of
this behavior within that year and either depth of water or type of behavior
(socializing, feeding, or aerial activity). W have no explanation for why a
behavior that was so consistently present during one year was seen much |ess
often (by the same observers). during the subsequent year.

Di ve

During the dive, which can often be predicted by the pre-dive flex, the

whal e makes its back convex and forces the head underwater: the whale
pitches forward while the flukes either lift out of the water or stay just
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bel ow the surface. As in other species, the angle at which the whale
subnerges correlates with whether or not the tail appears above the surface;
when it does, the whale dives steeply, Only rarely did a bowhead just sink
bel ow t he surface w thout visibly arching its back. Qur observations of
behavi or preceding and during dives are simlar to the description given by
Scoreshy (1820) for eastern arctic bowheads:

“When it retires fromthe surface, it first lifts its head, then
plunging it under water, elevates its back like the segnent of a
sphere, deliberately rounds it away towards the extremty, throws
its tail out of the water, and then disappears.”

The length of a dive was nmeasured fromthe tine a whale left the surface
and di sappeared from view underwater to the tine it re-appeared at the
surface. Di ves could be neasured only for whales that were in sone way
individually recognizable. Brief submergence when the whale renained
visible from the air were not scored as dives or as interruptions of

surfaci ngs. Thus , dives were defined as periods when the whales were
i nvi sibl e bel ow the water. These periods ranged in duration froma few
seconds to many nminutes (details in a later section). Sonetimes whales were
just below the surface and clearly visible fromthe aircraft. Such peri ods

were not considered to be dives except on the few occasi ons when whal es were
vi si bl e but underwater for >I mn.

Aerial Activity

Bowhead whal es at tines |eaped or breached fromthe water, so that one-
hal f or slightly nmore than one-half of the body was clear of the water. The
whal e conmes out of the water head first and at a small angle from the
vertical, wusually with the ventrum down. It then twists slightly and falls
back onto the water on its side or back, creating a large splash. A series
of breaches by one whale on 6 August 1980 were spaced an average of 45.5 s
apart (n = 12, s.d. = 11.89).

Whal es also ‘forward lunged” by conming out of the water at an angle and
not twisting the body, but instead recentering belly first. During forward
lunges, the whale propels itself a few nmetres forward at the surface. In
contrast, the breach does not have any appreciable forward conponent.
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Tail slapping was another form of aerial activity. During tail
slapping, the whale's head and npst of its torso are below water, and the
tail is rapidly and usually repeatedly lifted high into the air (often as

much as 1/4 of the body length) and then slammed forcefully onto the surface
of the water. Usually the tail was parallel to the surface when it hit the
water, but at tinmes the tailstock was twisted a bit and the tail hit
obliquely, recentering the water with one fluke tip first and ending in a
welter of foam  The whale that we observed breaching repeatedly on 6 August
1980 had 3 bouts of tail slapping at a rate of one tail slap every 7.5 s (n =
30, s.d. = 6.15) within the bouts. Al t hough we saw sone tail slapping
wi t hout other aerial activity, forceful tail slapping was usual ly

interspersed with breaches

W also saw pectoral flipper slapping, wherein the whale would lie on
its side and forcefully slap the water surface, wusually with the ventra
surface of a flipper. Fl i pper sl apping occurred once every 4.2 s (n = 5,
s.d. = 1.48) in a short sequence observed on 6 August 1980; this was by the

sane active whale noted above.

Al three aerial activities involved violent disruptions of the surface
and probably produced sounds underwater, as they are known to do in southern
right whales (C ark 1982b). Breaches at times ended in a tail slap; after
the whale fell back into the water and before it subnerged conpletely, the

tail was forcefully slapped onto the surface.

In 1980, six bouts of aerial activity were seen fromthe air. These
were all on different days, and presumably were by different whales. In
1981, we observed 14 such bouts, but the difference between years is not
significant (chi-square = 3.20, df = 1; 0.05<p<0.10). In 1980 nost of the
aerial activity consisted only of the forceful breaches, tail slaps, and
pectoral flipper slaps discussed above, whereas during 1981 approxi mately
one-third of the aerial activity occurred while one or two aninmals at the
surface actively turned on their |ongitudinal axes. Thi s behavior, terned
rolling, was often associated wth pectoral flipper slapping or tai
slapping, but rolling itself presumably does not create nmuch underwat er
noi se. Rol l'ing was done while one or nore other whales were nearby, and it
appeared to have a social function (see ‘Possible Miting below). Rugh and
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Cubbage (1980) witnessed breaching by 23% of all bowheads (n = 280) that they

saw at Cape Lisburne, AK, in spri ng. Thi s suggests that breachi ng may be
more frequent during spring migration than in sumrer.

Head Slamming

Thi s behavior was only seen once during approximately 61 h of aerial
observations, but it was very noticeable. The whale, while pointed away from
the aircraft, alternately flexed and relaxed its back while the head pounded
the water surface three tines. W have seen head sl amming in aggressive
situations in right whales (Payne 1976), but we have no other reason to
suspect that this incident was al so an aggressive action. The behavi or
| asted for about 5 s.

Pushing

When bowhead whales touched, they often appeared to push each other,
although it was rarely possible fromthe aircraft to be sure that one of them
actually propelled the other through the water. Pushing or touching is
usual 'y done with the head and with the whales oriented head to head or head
to tail. Sonetimes other parts of the body are involved. W witnessed
whal es of adult size diving under the bellies of other whales and apparently
nudging or pushing the other whales near their genital areas. At ot her
times, whales dove under each other at very close range without any
indication that they were touching,

Possi bl e Chases

Apparent chase sequences involved two or three whales in a line, usually
only 2 body lengths apart. They stayed at the surface while moving rapidly,
and often dove or surfaced al mbst synchronously, with the |ead animal doing
so slightly before the next one and so on. Apparent chases al so often
involved the first animals abruptly turning left or right, and the second

(and third) followi ng. During ‘chases’, novenment was appreciably faster than
it was at all other times when we saw whal es at the surface.
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Aggressive Tail Thrashing

Perhaps the clearest exanple of intraspecific aggression that we
observed occurred on 24 August 1981, approxinmately 40 km northwest of Pullen
Island. An adult with a calf was approached rapidly and closely by two other
adult whales. As they approached, the presumed female turned away from the
two other adults and thrashed its tail violently within about 5 m of the head
of one of the adults. Both of the approaching adult whales turned and noved

away. The calf was not at the surface during this brief interaction.

Possi bl e Mating

In 1981 in tw different instances we observed social behavior that
appeared to be copulation or attenpted copulation--two whales rolling ventrum
to ventrum at the surface with associated behavior that |ooked very simlar
to courtship and mating in southern right whales. In one case, one bowhead
appeared to be attenpting to avoid the other aninal, while in the second “case
the inclination to copul ate appeared to be mutually shared. More detail ed

descriptions are given in ‘Social Behavior', below
Log Playing

During 1981, we witnessed two incidents of whales touching |ogs that
were floating on the water. On 10 August, a whale briefly nudged the niddle
of a long (about 20 m) log, propelling it about 5 mforward. The whale then
dove under the log and we did not see that whale again. Al though the inter-
action lasted only 5 s, it was apparent that the whale did not sinply bump
into the log accidentally; it oriented toward the log and pushed it. A nore
dramatic incident occurred on 25 August 1981. A smal | (possibly yearling)
whal e was first observed just underneath a | og approximately 10 m | ong. The
whal e nudged and pushed the log and lifted it onto its back so one end was

perhaps 3-5 m above the surface for 1-2 s. This snall whale was then joined

by two adults that surfaced close to the |og. At |east one of the adult
whales let the log roll over its back, and on two occasions in the 10 nmin
during which we witnessed the behavior, the whale rolled ventrum up

underneath the log and clasped the log with its flippers. During this tineg,
there were some nudges and close associations between the whales not touching
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the log. The apparent |og playing seened to be associated with a high |evel

of social activity.

Qur observations do not represent isolated instances. Ot her personnel
from LG Ltd., while conducting |arge-scale aerial surveys, saw bowheads

apparently playing with logs on at least two other occasions within the sane
general vicinity (18-20 km northwest of Pullen Island) and within the sane

week.

Al'though playing with logs has, to our know edge, not been docunented
previously for bowhead whales , association wth objects other than
conspecifics has been described for many mari ne mammals. R ght whal es play
with objects tethered in the sea and with kel p (Payne 1972, 1976, Reeves
1975), and some gray whales associate with boats for long periods of tine
(Swartz 1977). There is a report of a hunpback whal e breaking up log boons
i n Puget Sound, but what activity by the hunpback resulted in the break upis
not known (Couch 1930). There is also a report of a sperm whale apparently
biting a | og while several other sperm whal es appeared to chase the first
whal e (Nishiwaki 1962).
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Synchr ony

At times whal es surfaced, dove, and even blew in synchrony or near-
synchrony. Sonmetimes entire groups of about one dozen whales in an area with
a dianeter of several kilometres appeared to be alnost all at the surface or
bel ow the surface at any given time. \Whales that surfaced together and were
within about one or two whale lengths of each other sonetinmes blew

synchronous 1y as well.

Oientations

Wthin groups of whales, there often appeared to be a predom nant
orientation. \hether this was a social synchrony or whether the whales were
i ndependently reacting to environnental stimuli (such as currents or wave
patterns) is not known. Most bowheads noving through an area while mgrating
are headed in the same direction (Braham et al. 1980b; Davis and Koski 1980;
Fraker and Bockstoce 1980; Renaud and Davis 1981), but whal es observed during
nost of the present study did not appear to be mgrating (see bel ow).
Patterns of seasonal novenent in our study area in 1980 are discussed in
Renaud and Davis (1981); nmovenents in 1981 are presently being anal yzed as

part of a separate project (LG Ltd., in prep.).

Adult-calf Pairs

Cal ves seen during the present study were lighter in color than adults
and about one-half the length of the associated adult. Si x cal ves measured
from vi deot ape sequences were a nean of 0.57_+ s.d. 0.052 adult lengths. We
assunme that the adult conpani on of each calf was its nother. Adul ts and
their calves were usually within one adult-length of each other. An analysis
of videotape sequences gives the mean distance between adult and calf as 0.61
adult whale lengths (s.d. = 0.564, n =8, range = 0.1 to 1.5), or about 9 m
The cal ves spent nost of the tine |lying beside the adult and facing in the
same direction as the adult. At tinmes the calf strayed up to two whal e
lengths fromthe adult and then oriented toward the adult. While the adult
lay at the surface, the calf often subnerged near the belly of the adult,
with its tail close to the adult’s tail. This position nay be indicative of
nur si ng. The calf then often swam under the adult, surfaced on the other
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side, respired several times, and submerged again on the new side. Wen this
happened, the calf alternated sides wth each surfacing. The calf also
appeared at times to rest, lying quietly on the back and tail of the adult.

On 24 August 1981, we witnessed three calves separated from each other
and fromthe closest adults by 100 mto nore than 300 m It was therefore
often not possible to assign calves to particular presumed cows. The nearest
adults spent much tine subnerged but the calves remained stationary at the
surface, At one point we videotaped an adult that surfaced 4.9 adult |engths
froma calf which was |lying stationary at the surface. During anot her
vi deot ape sequence, an adult-calf pair, 0.2 lengths apart, was separated from
a lone calf by 7.6 adult lengths. W obtained the inpression that the adults
were feeding in the water-colum and that the calves were ‘waiting for them'
at the surface. There have been other observations of calves at the surface
in the absence of any detectable adult (Renaud and Davis 1981}, so
synchronous diving by the cow and calf is not an invariable rule. Furt her -
nore, we observed a calf off Herschel Island that was aerially active
i ndependently of its presumed nother for almpst 30 mn and becane separated
from her by about 1 km during that time (see ‘Shore Chservations’, below),

The aerial observations of behavior were not suitable for obtaining an
unbi ased estinmate of the proportion of the popul ation conposed of cal ves, but
observations during systematic aerial surveys were nore suitable for this
pur pose. Two sets of systematic surveys were done in the eastern Beaufort
area during 1980. O the 126 bowheads seen on-transect (within 0.8 km of the
survey route) during our four systematic surveys around Issungnak, five
(4.0% were calves. O 209 bowheads detected on-transect during three
systematic surveys off the Tuktoyaktuk Peninsula, six (2.9% were calves
(Renaud and Davis 1981). The latter surveys were conducted on 6-7 and 21-24
August and on 3-4 Septenber 1980. The single survey on 21-24 August 1980
found 6 calves in 158 animals, or 3.8% cal ves, If the results of the two
studies are pooled, 11 of 335 bowheads (3.3% were calves. Each of the above
studies contained significant chances for double- or nultiple-counting of
individuals, sothe sanple size of independent animals is probably smaller
than 11 of 335. Cubbage and Rugh (1981) and Davis et al. (1982) provide
addi tional data concerning calf : adult ratios in this area.
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Qur results are simlar to percentages recorded off Point Barrow, AK in
spring (1.6-3.5% Brahamet al. 1980b; Johnson et al. 1981). Al t hough
results from both areas have linitations, there is to date no evidence from
cal f-count data that significant numbers of calves are born after bowheads
pass Point Barrow. Simlarly, Durham (1979, 1980) has reported that only
very small enbryos, not near-term fetuses, have been recovered from femal e
bowheads taken during the spring hunt; however, the sample size is small.

These results, and simlar |ow percentages for the bowheads of the

Davi s Strait/Baffin Bay popul ation (Davis and Koski 1980), indicate that the
present-day productivity of the bowhead populations in the North American

arctic is low compared to the productivity of bal een whale populations in
general (4-8.5% Ohsumi 1979).

Feedi ng Behavi or

Feedi ng appeared to occupy nuch of the tine of the bowheads that we
observed, and we identified four types of behavior that were definitely or
possi bly associated with feeding. The evidence for classifying various
behavi or patterns as feeding was largely circunstantial. W could not kill
an animal and examine its stomach contents to determine whether it had been
feeding recently. W had to rely on clues, such as observations of sw nming
with open nouth and the presence of feces in the water, to indicate that
feedi ng had taken pl ace. The possible types of feeding behavior that we
identified are

1. Water-colum feeding;

2. Near-bottom feeding;

3. Skim feeding;

4, Mid tracking.

O these categories, the first three rather clearly represent feeding,
whereas the function of the last is uncertain. Another behavior, underwater
bl owi ng, showed some association with feeding but the connection is
uncertain. Hence we treat it in a separate section.

In 1980, we found that certain feeding behaviors occurred in particular

areas: only water-colum feeding was seen near the Issungnak artificial
island site, whereas only skimfeeding was seen off the Tuktoyaktuk Peninsula
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near MKinl ey Bay. In 1981, feeding was seen less often than during the

previ ous year.

Wat er - col um Feedi ng

Wat er-colum feeding could not be observed directly, and it was not
al ways possible to determ ne whether the whales under observation were
feeding below the surface. \Wales were scored as feeding in the water colum
when they dove for |ong periods and when, between |[ong dives, there was nuch
defecation and only slow forward noti on, Oten conditions were good enough
for us to see that their nmouths were open while engaged in this behavior
Def ecation alone is sinply an indication of prior feeding. However,
particul ar behaviors--such as a series of long dives--usually continued for
many hours, so occurrence of defecations between |ong dives was consi dered
i ndi cative of ongoing feeding in the water col um.

The frequency of water-colum feeding was not constant. In 1980, we saw
bowheads water-colum feeding from 3 August, the date of the first flight,
until 22 August. Thereafter it appeared that few whales were present in the
areas where we had observed this behavior. In 1981, when we saw | ess
def ecation, we only scored as water-colum feeding some adult whal es on 24
August that dove for prolonged periods while calves remained at the surface.
Because feeding below the surface cannot be observed directly, it may have
occurred during many other dives besides those that we classified as dives

with water-colum feeding

Observations on 3 August 1980 typify water-columm feeding behavior. On
this date, bowheads were north of Kugmallit Bay in “an area where the water
depth varied from 18 to 38 m  The surface water was turbid, fresh water from
t he Mackenzie River, but beneath this surface |ayer there was probably a
second layer of clearer, saline Beaufort Sea water (see ‘Characteristics of
Feeding Areas’ section, Griffiths and Buchanan 1982). The whales occurred in
groups of 2-10 ani mal s and occasional ly as individuals without any physically
close associ at es. The menmbers of groups showed a high degree of synchrony,
often surfacing very close together and remaining close at |east until they

di ved agai n. Not only did the nenbers of a group surface and dive
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synchronously, but various groups spread over an area several kilometres in

di ameter tended to all be at the surface or beneath it at the sanme tine.

VWile the animals were at the surface, they noved slowy forward while

taking a series of breaths. As each individual dived, it raised its tai
clear of the water and di sappeared fromview in the turbid water. Thus
these dives must have taken the whales well below the surface. When the

whal es were at the surface, they often disturbed the turbid surface |ayer,
exposing dark patches of sea water from deeper depths; however, while

subnerged after a dive that was preceded by raised flukes, they did not
affect the thin surface layer, indicating that they were probably feeding in

the underlying clearer ocean water. Defecation was frequent, suggesting that
feeding nay have taken place recently. The feces clouds were red-orange in

col or.

Bottom Feedi ng

On 12 August 1980, during a systematic survey of the Issungnak area, we
noticed clouds of nud suspended in the water “about 25 km west of |ssungnak
artificial island (Table 1, Fig. 1). W believe that nud was involved, and
not clouds of plankton, because the material was of the sane color as nud
dredged up by oil-related activities. As we circled above this area, whales
surfaced streaming large ambunts of nuddy water from their nouths, indicating
that they had been feeding from or near the bottom (W had observed simlar
mud clouds in this same area during a systematic survey on 9 August; at that
time we could not remain in the area to nake observations.) Thi s behavi or
occurred in approxinmately 24-29 m of water and seened to be very Localized

We saw no indication of bottom feeding in the same area on 22 August 1980

On 12 August 1980, we watched with particular care to be sure that the
mud cloud we saw was issuing fromthe whales’ nouths and not from nud
adhering to their heads. W were convinced that the nud cane directly from
the nouth. The nouths of these whales were open slightly, allowing water to
flow through the baleen. At tines the whales appeared to wash their bal een
by repeatedly opening and closing their nouths. A tendency toward synchrony

of surfacing was apparent with these whales; sonetinmes no whales could be
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seen, but at other times there were many whales at the surface, all wth
muddy water issuing from their mouths.

On 25 August 1981, whales again surfaced with nmud streaming fromtheir
mouths.  The location of this bottom feeding was approximately 15 km south of
the position where we observed such behavior in 1980; water depth was only
10-13 m

These are, to our know edge, the first reported behavi oral observations
of apparent near-bottom feeding by bowhead whal es. However, Lowy and Burns
(1980) remarked that “The presence of pebbles and bottomdwelling species
indicates that all the whal es taken at Kaktovik had fed at |east partially
near the sea floor".

Bottom feedi ng whales were usually separated from other whales by 10 to
20 body lengths (150 to 300 m) when at the surface. From an altitude of 610
m on 12 August 1980 we could see, within an area of 3 km radius, at |east 10
whal es that had been bottomfeeding. \Whether they were feeding on inbenthic
or epibenthic invertebrates we do not know, In the eastern Beaufort Sea, the
average biomass of inbenthic animals greatly exceeds that of epibenthic
animals (see ‘Feeding Areas’ section, Griffiths and Buchanan 1982). However,
the latter may occur in dense swarnms in certain places. Such swarms woul d
seem to be, for a balaenid whale, a nore suitable type of food than
inbenthos, and nud m ght be taken inadvertently along With the epibenthic
ani mal s.

Skim Feedi ng

The only feeding type that we observed directly was skim feeding. In
the third week of August 1980, we observed whales noving slowly and
deliberately at the surface with their mouths open w de, The rostrum j ust
broke the surface of the water and was parallel to it. The | ower jaw was
dropped to varying degrees, as could be seen fromthe depth cf the white chin
patch. In 1980, skim feeding was observed along the Tuktoyaktuk Peninsula in
water ranging froml1l2 to 22 min depth. Whales occasionally skimfed al one,
but nore often they did so in groups of 2 to 10 or nore individuals. Duri ng
any one observation period, they stayed in the same general area and did not
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appear to make any net geographic nmovenent.  However, we found groups of skim
feeding whales in different |ocations on different days.

During 1981, we witnessed skim feeding on a large scale only on the
evening of 18 August, approximtely 32 km NNW of Pullen Island in 25 m water
depth. About 20 to 30 whales in the 25 knfarea were all engaged in apparent
feeding. They had nmouths open and were traveling slowy, usually just bel ow
the surface (approx. 2-3 m. Food availability on this occasion is descri bed
in the ‘Feeding Areas’ section (Griffiths and Buchanan 1982). On 23 and 24
August 1981 we saw one isol ated exanple on each day of a whale feeding at the

surface briefly (observed for less than 1 rein) in approxinmately the sane area

as on 18 August.

Frequently the skimfeeding whal es swam in echel on fornati on, each whal e
swimming j ust behind the preceding whale, put offset laterally by one-half to
three body widths, reniniscent of geese in V formation. At other times, t hey
swam abreast and parallel to one another. An anal ysis of videotape sequences
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of this echelon feeding on 18 August 1981 showed that whales were a mean of
0.53 whale lengths (s.d.70.599, n “66), or about 8 m apart within the
echel ons. The mean distance to the nearest neighboring echelon on this day
was 3.81 whale lengths (s.d.”2.148, n = 9), or about 57 m These distances
were neasured from different echelons or from the sane echelon at intervals
of at least 5 mn. W vi deotaped a recogni zabl e whale al nost conti nuously
for almost 3 h on this day as it skimfed in changing echelon formations,
usual ly taking the |ead position. Details of this observation are presented
in the “Disturbance’ section (Fraker et al. 1982: Appendix 6).

Echel ons of feeding whales were, in general, larger on 18 August 1981
than in 1980. While the | argest such formation observed in 1980 cont ai ned
five individuals, the largest in 1981 contained 14 aninals. In 1981, the
mean ‘undisturbed echelon size was 4.7 animals (s.d. = 4.05, n” 23).
During 1980, all echelons were observed when our aircraft flew at a | ow
altitude of about 300 m and thus could have disturbed the whal es.

We suspect that echelon feeding increases the feeding efficiency of
those animals staggered behind and to the side of other individuals, perhaps
by hel ping themto catch prey that escape or spill fromthe nouth of the
whale in front. Skim feeding in echelon may allow nore effective
exploitation of concentrated patches of small prey than would be possible if
whal es were feeding al one. If so, the change in efficiency that accrues when
echel on sizes change nay have an inportant cost/benefit effect on energy
expended per whale. This highly coordinated activity nerits further study.

Typical ly, the skimfeeding whales were oriented with their backs at the
water’'s surface. However, occasionally they swam on their sides wth nouths
open at an angle of about 60°, and once we saw two whal es separated by three
body widths swinming on their sides, belly to back. In one instance, a whale
swam on its back for at least 3 rein, with the underside of its chin at the

surface.

During this study, observers in aircraft were not able to detect
| ocalized, dense patches of plankton at the surface. In contrast, Watkins
and Schevill (1976, 1979) saw northern right whales skim feeding at the
surface on patches of plankton that were visible to observers in aircraft;
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these right whales appeared to adjust their courses to remain within the
densest parts of the patches. Although we did not see broad patches of dense
pl ankton, we saw |inear concentrations of what was probably zooplankton,
apparently along boundaries or ‘fronts’ between water nasses (see ‘Feeding
Areas’ section, Griffiths and Buchanan 1982). Al though bowheads occasionally

were seen near these linear concentrations, none were observed to feed al ong
the ‘“front’. On one occasion, a |one bowhead passed at right angles through

a ‘front’, but it made no attenpt to swimalong it.

Mud Tracking

Mud tracking occurs when whales swimmring in shallow water (<12 m depth)
disturb the bottom sedinents with each fluke beat, producing clouds of nud
joined by a narrower trail of nuddy water. These clouds of nmud were
distinctly different from the nud clouds produced in bottom feeding.
Al though we often could not see the whales, in at least a few instances their
mout hs were open. W saw rmud tracking only during three flights in the third

week of August 1980 (see Table 1).

The significance of mud tracking is not clear, but we suspect that it is
a node of feeding. In at |east sone cases, it may represent incidental
di sturbance of bottom sedinents by a whale that is water-colum (or skim)
feeding near the bottom in shal |l ow water. W saw no evidence that bowheads

ever turned and swam back along a nud track nmade previously. The nud tracks
tended to be straight and sonme extended for well over 1 km At certain

times, clouds of nmud streaned fromthe whal e’ s body as it swam near the
surf ace. I n this case we suspect that the whales had contacted the bottom
and that the nmud had stuck to their bodies. Someti mes nud-tracking whal es
exhal ed while submerged, producing a characteristic burst of bubbles (see

“Underwater Blow ).

Salinity Gradient as a Possible Food Concentrating Mechani sm

Qur data on feeding behavior and characteristics of feeding areas
(Griffiths and Buchanan 1982) suggest that an inportant phenonenon related to
the hydrographic structure of the water |eaving the Mickenzie River may be
acting as a concentrating nechanism for the food of bowheads. The fresh
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water coming out of the river tends to over-ride the nore saline ocean water,
confining marine prey species to a wedge near the bottom I'n recent years
work on a variety of bal een whal e species has shown that they enploy an
impressive array of techniques to concentrate their prey, and that
concentration of prey may be as inportant to filter feeders as finding it in "’
the first place (Nemoto 1959, 1970).

These concentration techniques include bubble nets, clouds of bubbles,
rows of bubbles, echelon feeding in pairs, trios, etc. (e.g., Jurasz and
Jurasz 1979; Hain et al. 1981). In gray whales there is now evidence that
the entrances of breeding |agoons nay serve as concentration areas for prey
species that go close to the bottomto avoid strong outflowing tidal currents
(Norris et al. in press) . There is little tide in the Beaufort Sea, but the
interaction of salt and fresh water in estuaries and adjacent areas, |ike
those near the mouth of the Mackenzie River, may prove to be another means of
concentrating prey. Further discussion of food availability appears in
Fraker and Bockstoce (1980) and the ‘Feeding Areas section of this report
(Griffiths and Buchanan 1982).

Under wat er Bl ow

The underwater blow is a burst of air emtted underwater; it consists of
bubbl es of many sizes. The total bubble burst is circular and about 2-5 min
dianeter when it arrives at the surface, but it quickly grows to show a white
area of disturbance up to 15 min dianeter. Rel ease of air underwater was
recorded about 10 times via nearby (<1 km away) sonobuoys; the noise |asted
about 3-4 s, but the white water and expandi ng concentric wave created by the
blow were visible nuch Ionger. On one occasion the air was definitely seen
to exit fromthe blowhole rather than the nouth. W presume that the whales
exhal ed forcefully and sharply underwater to create the disturbance. The
underwat er bl ow can occur at any tinme while the whale is under water; we saw
it inmmediately after whales dove and just before they surfaced, but nore
usually at sone tine in the mddle of the dive, when the whales were out of

si ght.

Cccurrence of frequent underwater blows seened to be associated with
periods of pronounced feeding activity. During 1980, the nunber of
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observations of whales exhaling underwater increased abruptly on 19 August
(Fig. 5). This was also the first day during which we observed al nost all
whal es nud tracking in shallow water just below the surface. The next day,
during the first flight of 20 August, we observed sinmlar but not as
wi despread nud-tracking behavior, and the incidence of underwater blow ng was
al so sonewhat |ower. On 21 August whal es renmined at the surface for brief
periods, and nuch underwater blowi ng occurred; it is possible that whal es
were water-colum feeding during this day. On 23 August, skim feeding
occurred and the frequency of underwater blows was al so higher than the 1980
mean, which was 5.2 bl ows/observation hour. In 1981, the highest incidence
of underwater blowing occurred during the evening of 18 August during the one

1981 flight when nuch subsurface skim feeding was seen (Fig. 5).

Because underwater blows rarely could be ascribed to a particul ar
i ndividual for which we had behavioral data, we cannot directly conpare the
relative frequency of underwater blowing in feeding and non-feedi ng whal es.
But the coincidence of high underwater blow rates with strong evi dence of
f eedi ng strengthens our original suspicion that this phenomenon is in sone
way related to feeding. Furthernore, we wi tnessed less feeding in 1981 than
in 1980, and there were fewer underwater blows in 1981 than in 1980 (1980,
158 bl ows seen in 30.4 observation hours; 1981, 57 blows in 30.8 observation
hours; chi-square = 48.77; df = 1, p<<0.001). This behavior occurs often
bot h when whal es are skimfeeding at or near the surface and when they are
mud tracking. This is consistent with the view that nud tracking may be a
nmet hod of subsurface skim feeding in which the whales roil up nud as they

move forward in very shallow water.

Underwat er bl owi ng occurred nore often in the norning and evening than
around the solar nidday (about 15:00 MDT) in both years (Fig. 6). The midday
low point in underwater blow ng coincides with a peak in the frequency of
soci al i zi ng, the main non-feeding behavi or observed  (see  ‘Social
Behavi or’, bel ow). Nemoto (1970) suggested that bal een whales in general
show a high level of feeding activity in the norning and a |lower |evel during

mi dday.

During 1980, underwater blowing was nore frequent in shallow (less than
14 n) than in deeper (20-40 m) water (Fig. 7). In 1981, when we nmde
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behavi oral observations on whales in water less than 20 m deep only once (on

25 August), there was no obvious relationship between frequency of underwater
bl ows and water depth. In 1981 several underwater blows were observed in

wat er 150-160 m deep (Fig. 7) near the southern edge of the offshore pack

i ce.

We have not included underwater blows in our listing of possible feeding
techniques; there is at best only a general simlarity to bursts of bubbles
associated with feeding hunpback whales in the North Atlantic (Hain et al.
1981). It is not certain if or howthe air released by bowheads is useful
for catching or concentrating prey. W saw no indication that bowheads
turned to swi mback through the |ocation of an underwater bl ow. As noted
above, however, there is circunmstantial evidence of some form of association

bet ween underwater blow ng and feeding.

Synchrony of Behavi or

On many occasions there was an inpressive degree of synchrony of basic
behavi ors anpng nmenbers of quite widely spaced groups. W observed apparent

synchroni zation of behaviors on time scales ranging from seconds to days.

Synchrony in General Activity

During 1980, on a tine scale nmeasured in days, we found that all or
al nmost all aninals in a particular area usually were doing essentially the
same thing for up to several days. Some days later the whales were sometines
gone from that area, and whales were then found elsewhere engaged in
different activities (Table 1).

V¢ made our first observations of bowheads in 1980 during the first week
of August (3 and 5 August). These whales were generally north arid east
of Issungnak artificial island and were mainly engaged in water-colum
feeding--diving for relatively long periods where turbid Mackenzie River
wat er overlay the denser saline water of the Beaufort Sea. W frequently saw
whales defecate during this period. By 6 and 7 August, whales in this
general area shifted to nore surface-active behavior, with groups of animals
close together and individuals interacting by pushing each other and by
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apparent chases. We saw little defecation at this tinme. On 12 August, at
least 15 animals about 30 to 40 km west of this group were all apparently

bottom feedi ng.

In the third week, whales were encountered in two additional areas: east

of Pullen Island (19 and 20 August 1980) and just west of MKinley Bay (19-22

August 1980). In the Pullen Island group, all whales were nud tracking as
descri bed above. In the second area, mud churning was evident, but there was
much | ess underwater bl ow ng. Sone animals, but not all, had nouths open at

the surface.

Early in the fourth week in August 1980 (22 and 23 August), alnost all
whal es we encountered were skim feeding in groups of 10 to 30 animals north
of McKinley Bay. On the same days, skimfeeding was also reported by Renaud
and Davis (1981) in hundreds of animals spread over a nuch larger area north
of the Tuktoyaktuk Peninsul a. However, in the general Issungnak area there
were still substantial numbers of whales that were water colum feeding.

At the end of August 1980 (27, 29, and 31 August), whales spent nore
time at the surface and interacted in small groups of 2-5 individuals. Al'so

during this period, such snmall groups were sonetimes oriented toward the SSW

perhaps indicating the beginning of mgration.

In summary, during 1980 we encountered a series of behavioral events,
with whales in an area doing much the same thing for up to approxinmately five
days. During 1981, however, there was no clear pattern to the behaviors
observed (Table 2). A partial explanation for the synchrony of behavior seen
in 1980 may be that whales noved to exploit new food resources, and that the

most appropriate feeding node changed according to site-specific conditions.

Synchrony in Dives and Surfacings

Wil e observing bowhead whales fromthe air, we sonetinmes had the
inmpression that all the whales in an area were synchronizing their surfacings
and dives. Furthernore, nmany of these were too spread apart to have been in
vi sual contact and were presumably synchroni zi ng their behavi or acoust -
ically. None of the data that we collected in 1980 were appropriate to test



Nor mal Behavi or 81

this hypothesis, so in 1981 we tried to obtain nore information on this kind

of synchrony.

On 8 occasions during 4 days in 1981, we recorded tine series data on
the nunmber of groups of whales (regardless of group size) at the surface in
the area under observation from the aircraft. G oups were defined as whal es
within five adult body | engths of one another (about 75 nj, a distance which
assured that animals in different groups were not in visual contact. Any
synchrony observed mght therefore be the result of acoustic conmunication.
The nunber of groups visible at the surface was counted every 20 or nore
seconds, the length of tinme required for the aircraft to conplete a circle
around the observation area. We tested the resulting data by scoring each
count as an increase or decrease from the previous count (ignoring repeated
observations of the same value) and then doing a runs test on the trends. In
no cases were there significantly fewer runs than expected by chance (a
result that would have indicated synchrony), and in two cases there were
significantly more runs than expected by chance.

Al t hough we have not been able to substantiate statistically our
i mpression of synchrony, we were certain that it does occur. Ljungblad et
al. (1980b) al so reported synchrony anong whal es engaged in water-column
feeding in an area about 75 km east of Kaktovik, Al aska. They reported that
" whales were observed on the surface alnost at regular intervals and gave
the inpression of resting between dives; then, suddenly, no whales would be

seen in any quadrant for several mnutes.”

Synchrony in Oientations

Anal ysis of the orientations of whales spread over |arge areas provides
additional evidence that groups of whales at tinmes synchronize their
behavi or. The best data that we collected to test for non-randommess in
orientation were the observations fromtw of the systematic survey flights
in 1980 and part of the 31 August 1980 flight when we were flying in a
straight line. At these tines we were sure that we counted each individual
only once. Rayl ei gh tests and chi-square tests of these observations show
that the whales chose orientations that were significantly non-random (Tabl e
3).



Table 3. Bowhead orientations, judged relative to true north fromthe air., Only during the direct flights was
each observation known to represent different animals. During the circling flights, each whale was scored an

unknown nunber of times (but only once per surfacing) . All observations were of presunmably undisturbed
ani mal s.
# of animals with these orientations Vect or chi-square
mean Ray! ei gh test*
Dat e N NE E SE S SW W N W total direction test® P

DI RECT FLI GHTS

11 Aug 1980 16 1 3 0 5 2 10 6 43 321" <0. 001 <0. 001
12 Aug 1980 7 5 16 5 7 6 9 57 bimodal n.s. <0. 025
31 Aug 1980 1 1 1 3 8 8 0 1 23 189° <0.001 /
CI RCLING FLI GHTS

31 Aug 1980 4 4 6 3 11 1 0 2 31 121° <0. 05 /
10 Aug 1981 0 3 0 2 0 4 0 1 10 n.s. /
10 Aug 1981 3 1 7 2 1 6 0 1 21 bimodal nos. /
13 Aug 1981 12 9 11 1 1 0 1 1 36 430 <<0. 001 /
18 Aug 1981 2 5 10 5 6 1 2 1 32 111° <0. 001 /
18 Aug 1981 3 0 0 0 0 1 6 0 10 2890 <0. 005 /
23 Aug 1981 0 4 1 1 0 0 0 0 6 62° <0. 02 /
24 Aug 1981 1 0 3 2 5 8 10 5 34 2430 <0. 001 /
6 Sept 1981 1 7 2 | 0 2 3 3 19 n.s. /
7 Sept 1981 2 5 1 1 0 2 2 3 16 n.s. /
8 Sept 1981 1 8 3 1 1 0 0 0 14 62" <0.001 /

* In both the Rayleigh and chi-square tests, the null hypothesis is that the orientations are random The
alternate hypothesis in the Rayleigh test is that there is a single ‘preferred’ direction (Batschelet 1972),
whereas the alternate hypothesis in the chi-square test is nore general—that the orientations are
non-random  (During some of the flights, the data were collected in degrees true to the nearest 10° instead
of the eight conpass directions, and the Rayleigh tests were done on the original data.)

/ means cell sizes too small for a chi-square test.

78 10TABUDY TPULION
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For the flights when we were circling over certain areas to make
detail ed behavioral observations, we analyzed the orientations using the
first heading noted for each surfacing of a whale. Because we were making
repeat ed observations on the same ani mal in sone cases, any consistency in
orientations during those flights is attributable in part to different whales
and in part to subsequent surfacings of the sane whal e. There were 10
frights in 1981 and one in 1980 with enough data for such an analysis on
undi sturbed whal es. During seven of the flights the whales were oriented
significantly toward a single direction (Table 3). The headings changed from
day to day, however, and bore no apparent relationship to the activity of the
whal es.

The headings on the latest day on which we nade observations in each
year usually were not in the direction to be expected at the beginning of
the westward migration. On 31 August 1980, bowheads observed while we were
circling in waters north of the Tuktoyaktuk Peninsula were oriented toward
t he southeast (121° T). However, later that day on a direct flight, we found
ot her bowheads to be significantly oriented toward the south (189° T). In
this same general area, Renaud and Davis (1981) also recorded an eastward
tendency for bowheads seen on 21-24 August 1980, but a significant south-
westward tendency (236° T) on 3-4 Septenber 1980. On 8 Septenber 1981,
whal es west of Herschel Island were oriented toward the northeast (62° T),
again not the direction to be expected at the beginning of westward

migration. These results support our inpression that nost of the whales we
observed were not mgrating

We do not know whet her these consistent orientations represented a type
of  social synchrony or whether the whales independently reacted to
environnental stimuli (such as currents or wave orientations). Norris et
al. (in press) observed gray whales that may have been feeding by stationing
t hemsel ves against the current in a bay in Mexican waters, and Shane (1980)
has reported a simlar stationing against the current for bottlenose dol phins
in Texas. Gay whales in |agoons have been observed to nove in the sanme

direction as the tidal current (Norris et al. 1977), but in that case
moverment nmay have been related to avoiding shallow water as the tide receded
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I ndividual |y Distinguishing Features

Bowhead whale adults are mainly black, with white chin patches which lie
nostly below the waterline while the whales are at the surface, but which can
be seen partially fromthe air. Distinctive variations fromthis col or
pattern sonetimes permt the recognition of individual whales. Southwell
(1899) reports whalers’ observations of distinctively nmarked bowheads

returning to the same locations in subsequent years. I dentification of
i ndi vidual s has been a key to making significant advances in the study of the
bi ol ogy and behavi or of a nunber of other cetacean species (Darling 1977,
Wirsig 1978b; Katona et al. 1979; Payne et al. 1981) , so we attenpted to

identify individuals whenever possible.

A few bowheads had dramatically larger chin patches than the majority,
and on one occasion, one such animal in a small ,group could be reidentified
upon subsequent surfacings. Because many whales in the popul ati on appear to
have simlar chin patches, this trait cannot be used alone to reidentify

i ndi vidual s over long periods.

Sone bowheads exhibit a diffuse ring of gray or white around the
peduncle, or tailstock, just anterior to the tail flukes. QG hers, less

commonly, have various amounts of white on the dorsal surface of the tail.
There are also often small white spots and lines on different parts of the

back. The |l ocations of these white pignentation patterns nmay be used to
identify whales, at least over short periods (within a single observation
session), and over longer tinmes if good photographs are obtained. One

noteworthy case of reidentification of a group of distinctive bowheads after
about 2 wk is described in the ‘Social Behavior’ section, below During the
present study we were hanpered in obtaining clear photographs by the
airplane’s high altitude (usually 457 mor nore) and, in 1980, by the absence
of a window that could be opened for photography. Lower altitudes can be
used only if disturbance of the whales is acceptable. Because of ot her
priorities, we made no serious effort to obtain high resolution vertical
phot ographs of bowheads, but that approach proved successful in recording
individually recognizable animals during a separate but simultaneous study in

the sane area in 1981 (Davis et al. 1982).
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ne bowhead, seen on 3 August 1980, was identified by a yellow rope that
was attached just in front of the blowhole on the right side of the head and
extended to nore than one whale | ength behind the animal. This aninmal had
probably been harpooned on the Al askan whaling grounds and had nade its way
to the eastern Beaufort Sea with other mgrating whales. It was easily and
unm stakably reidentified upon subsequent  surfacings. W noted two
peculiarities in its behavior. First, it repeatedly turned to its left,
describing a sem -circle while at the surface during 4 of 5 surfacings. It
never interacted in any obvious way wth another whale. By way of
conpari son we saw 27 surfacings of the 5-8 other whales in the inmrediate
area during the same period. In only 7 of these surfacings did the whale
turn at all, and all but 3 of the turns (11% of the surfacings) were obvious
interactions wth another whale. Furthernore, of the 8 turns nade by the
other whales (1 whale nmade 2 turns in a single surfacing), half were
clockwi se and half counterclockwi se. The second peculiarity of the harpooned
whal e was that during all 3 of its dives that we could see well, the animal
failed to lift its flukes out of the water. For conparison, of the 28
closely observed dives by other whales in the same period, only 4 dives were
not acconpani ed by raised flukes. W computed the nean interval between
bl ows for the harpooned whale and found it to be 10.4 + s.d. 2.55 s (n = 17),
whi ch was shorter than the means both for the other whales in the area that
day (12.2 +s.d. 6.73 s, n = 107) and for all other whales seen in this study

(13.0 + s.d. 8.38 s, n = 2067). In both cases the difference was
statistically significant (t’° = 2,01, p<0.05, and t' = 3.98, p<0.001,
respectively; t' 1is the t statistic for heterogeneous variances--Sokal and

Rohlf 1969). W conclude that the novenents and respiration patterns of the
har pooned whal e were abnornal.

The bodi es of many bowheads exhibit large areas of slightly gray patches
that can be seen fromthe air only in good photographs or with binoculars.
These patches are probably areas of recently-sloughed skin, as in southern
right whales (Payne et al. 1981), where such patches change rapidly, even on
a daily basis. They can be used with difficulty during observations within

one day, but--if the analogy with right whales is correct--not over a longer
term
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Bowheads may al so have white blazes or spots on their ventral surfaces.
In the present study, only one feeding whale and two breaching ones showed
the ventral surface, and thus identification by ventral blazes was not

possible. One of the breaching whales had such a ventral mark.

Respiration and Surfacing Characteristics

Four characteristics of a surfacing 1lend thenselves to repeated
quantitative sanpling. The bl ow interval, nunmber of blows per surfacing
surface tine (length of surfacing), and down tine (length of tinme between
surfacings) were neasured 2067, 270, 319, and 115 times, respectively, for
presumabl y undi sturbed whal es. These results are discussed in some detail.
Because the variables involved are conparatively easy to assess
guantitatively, they are suitable for use in analyses of responses to
di sturbance. A detailed understanding of respiration and surfacing behavior
under undi sturbed conditions is a prerequisite for interpretation of the

di sturbance responses.

Figures 8 to 11 present the frequency distributions of all observations
of these four variables under presumably undisturbed conditions in each
year. The distribution of down time (Fig. 11) is very highly skewed; over
hal f of the dives had durations <l rein, but dives as long as 17 min were
recor ded. The down time distribution is also affected by sanpling bias: we
were less likely to record long than short dives because of the difficulties
in keeping track of recognizable individuals and follow ng the novenents
underwater of animals we couldn't see. Because of the skewed distribution of
down tinmes, we have not provided 95% confidence intervals for the neans of

this variable and have applied only non-parametric statistical tests.
Figures 12 to 15 summarize the distribution of each of these variables for

each of our observation flights. Again only the data coll ected during
presumably undisturbed conditions are included. Table 4 presents the summary

statistics for each of these variables

Blow Intervals

The interval between blows within a single surfacing was the nost
constant of the four variables among dates (Fig. 12), and the neans for the
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two years were nearly identical (Table 4), despite the considerably different
frequencies of feeding and social behavior in the two years (overall nmean ~
13.0 + s.d. 8.38 s, n = 2067, range 1-113 s). In conparison, Koski and Davis
(1980) found that bowheads of the Davis sStrait/Baffin Bay popul ation
mgrating along the coast of Baffin Island in the autum of 1979 had a bl ow
interval of 16.11 + s.d. 8.29 s (range 4-68 s; nedian 14 s; n ~399 blows
by 31 whal es). The difference in blow intervals between whal es migrating
past Baffin Island in autum and those that we observed engaged in other
activity in the Beaufort Sea during summer is highly significant (t ~6.80,
df = 2464, p<<0.001).

Bl ows per Surfacing and Duration of Surfacing

The mean nunber of blows per surfacing (Fig. 13) and the nmean tine at
the surface per surfacing (Fig. 14) were nore variable anong dates than was
the mean blow interval. While sone of this variability nmay be a reflection
of smaller sanmple sizes, we believe that these two characteristics are in
fact nmore variable than blow interval. Due to the relative stability of bl ow
intervals, the nunber of blows per surfacing and the surface tinme are very
highly correlated (r = 0.718, t = 16.89, df = 268, p<<0.001).

During 1980, both blows per surfacing and surface times were |ower
during the middle of August than during the beginning and end of August. The

decrease in md August occurred during the time when whal es were feeding with
open nouths at or just bel ow the surface. Al't hough we recogni zed too few

i ndi vidual whales to allow collection of many dive tinmes, we received the
i npression that surface-feeding whal es dove nore often and thus reduced the
length of the periods spent at the surface, but that they surfaced very
qui ckl'y again. We do not know why these brief surfacings are interspersed
with relatively brief dives. Each one may represent the end of a feeding
run; the whales closed their nouths for unknown reasons and subnerged briefly

before beginning to surface again.

In 1981, the nunber of blows per surfacing and the time at the surface
per surfacing are again closely related by date because of the relative

invariability of blow intervals. The data are not as clearly related to



Table 4. Smmary statistics for the principal surfacing, respiration and dive variables in presumably wdisturbed bovheads.

Nutber of blows Surface tine

Blow Interval (S) per surfacing per surfacing (rein) Dom Time (rein)
X s.d. n X s.d. n X s.d. n X s.d. n
Al whales 1980 12.9 8.55 %0 4.9 2.78 68 1.25 0.867 100 2.22 3. 442 29
1981 13.0 8.24 1127 4.0 2.90 202 1.02 0.743 219 3.50 4.823 86
1980 + 1981 13.0 8.38 2067 4.2 2.90 270 1.09 0.790 319 3.17 4.535 115
Cal ves 13.4 9.21 61 1.5 1.99 14 0.69 0.552 20 1.28 1.588 9
Adults with calves 15.8 8.56 132 3.5 2.70 17 1.15 0.948 21 6, 90 7.522 15
All others 12.8 8.30 1874 4.4 2.88 239 1.11 0.787 278 2.75 3.763 91
Socializing vhales 14.0 10. 54 426 3.9 2.46 58 11 0.762 70 2.69 3,213 28
Yorsoc i al izing whales 12.7 7.70 1641 4.3 301 212 1.06 0.755 249 3.33 4,890 87
Skim feeders 15.0 12.09 83 2.9  2.23 13 0.68 0.641 14 2.35 3.478 11
Water-colum feeders 12.0 5.01 175 6.8 231 17 1.56 0. 658 25 10. 31 6. 800 2
Non-feeding vhales 12.7 7.62 1704 4.0 290 223 1.03 0.784 261 3.01 4,493 100
Depth (m 0-15 12.5 6.97 % 2.9 1.62 19 0.67 0. 406 27 1.02 1.425 12
16-30 13.2 10. CM 539 4.8  2.93 61 1.17 0.675 78 4.09 4.413 17
31-60 12.7 7.44 951 3.9  2.78 128 L(X 0. 704 141 3.58 5.088 59
61- 152 13.5 6. 52 145 5.1 2.85 23 1.25 0.586 23 5.40 4.478 10

6 I0TABUag TPUWION
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feeding as in 1980. Nonethel ess , the nunber of blows per surfacing on the
eveni ng of 18 August 1981, when whales were feeding in echelon formations
just below the surface, is conparable to that on the evening of 20 August

1980, when whales were in echelon formations at the surface.

Overall, the nmean nunber of blows per surfacing was 4.19 + s.d. 2.90
(n 270, range 0-12). In contrast, Carroll and Smithhisler (1980) reported
6.53 + s.d. 2.84 (n = 41) blows per surfacing during the 1978 spring
m grati on of bowheads around Al aska. Simlarly, Rugh and Cubbage (1980)
reported 2-9 blows during nost surfacings at Cape Lisburmne, AK, in spring,
(nmean at |east 6.38 per surfacing). Thus, the nean nunber of blows per

surfacing appears to be sonewhat less in summer than in spring.

In our study, the nean surface tine per blow sequence for both years was
1.09 + s.d. 0.79 min (n = 319, range 0.03-5.87 rein). Davis and Koski (1980)
found surface tinmes of 0.2 to 6.0 mn (nmean 1.2, n = 16 surfacings by 5
whal es) for bowheads in Baffin Bay during the fall migration of 1978, and
Koski and Davis (1980) found surface times of 1.69 + s.d. 1.01 mn (range
0.02-6.25 rein; n = 93 surfacings by 27 whales) during the fall of 1979.
Carroll and Smithhisler (1980) reported the nean surface time during spring
mgration around Alaska to be 1.52 rein, although this was deternmined in a
somewhat indirect manner. Rugh and Cubbage (1980) report surface tinmes per
blow, but not surface tines per surfacing. The avail abl e data suggest that
surface times tend to be sonewhat |onger during mgration than in sunmer.
This is consistent wth the sonmewhat |arger nean nunmber of blows per
surfacing observed in spring than in sunmer.

Duration of Dives

Overall, dives between blow sequences lasted 3.17_+ s.d. 4.53 nin
(n = 115, range = 0.02 to 17.42 rein), considering only occasions when the

whal es were presumably undisturbed. A dive of duration 26.8 min was recorded
on 23 August 1981 during a period of potential drillship disturbance.

Because of snmll sanple sizes, comparisons of dive tinmes in different

circunstances are difficult. Neverthel ess, some consistent results were
obtained (Fig. 15). When undisturbed whales were skim feeding at or near the
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surface on the evenings of 20 August 1980 and 18 August 1981, their mean down

times were very simlar and relatively short. On two days when water-col um
feeding was suspected, 29 August 1980 and 24 August 1981, the mean down tines
were simlar and relatively |ong. Qur suspicion that water-colum feeding

was occurring is in part founded on the occurrence of |onger down tinmes, and
we cannot confirmthat feeding was occurring below the surface out of sight.
Thus the coincidence of down tine with feeding node is partly based on a

circular argument.

Qur results are not directly conparable to those of other workers
because different observers define ‘dives’ differently. Braham et al. (1979)

reported dives of durations 1.7 to 28 min during spring migration past Cape
Lisburne, AK Rugh and Cubbage (1980) and Carroll and Smithhisler (1980)

di vided dives of spring migrating whales off A aska into short dives between

long soundings, and the |ong soundings thenselves. Rugh and Cubbage found
t hat the. short dives were 11.6 + s.d. 2.40 s (n “50), while Carroll and
Smithhisler reported a simlar 10.8 + s.d. 5.20 s (n = 30). Long, or

soundi ng, dives were quantified too infrequently for analysis by Rugh and
Cubbage, but Carroll and Smithhisler reported values of 3.0-26.7 mn with
mean 15.6 + s.d. 5.0 min (n = 63). Davi s and Koski (1980) reported dives
lasting 2 to 20 min (n = 16 dives by 5 whales, nean = 9.6 rein) during the
1978 fall mgration of the Davis Strait/Baffin Bay popul ation, and Koski and
Davis (1980) reported dive times of 8.65 + s.d. 2.73 min (range 1.03-27.50, n
= 88 dives by 29 bowheads) during the fall of 1979.

The dive tines that we neasured for sumrering whal es were consistently
lower than the neans for migrating bowheads in Baffin Bay as reported by
Davi s and Koski (1980) and Koski and Davis (1980). The water in their study
area, even directly below their coastal vantage point, was very deep. The
briefer dive tines found in the present study may be partially attributable
to the shallower water depth, but they may also be attributable to our bias
toward short dives because of the difficulty of reidentifying individual
bowheads. Recognition of individuals was not a problemin the Koski and
Davis (1980) study, where the nunber of individuals was very [|ow and
observation conditions were good. W cannot conpare our dive time data with
those obtained in Alaska in spring because short and |ong dives have been
treated separately by nost Al askan workers.
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Effects of Water Depth

To determine whether surfacing and dive characteristics changed with
depth of water, we calculated product-nmonent correlation coefficients for
I ength of surfacing, nunmber of blows per surfacing, and dive tine ia
relation to water depth. W al so cal cul ated nean val ues for each of these
variables for whales in four categories of water depth (Table 4).

Surface times and blows per surfacing tended to be short in the
shal | owest water depths, but were unrelated to water depth when depth was
>15 m During 1980, Ilength of surfacing was significantly correlated wth
depth (r =0.292, t = 2.88, n =91, p<0.01) (Fig. 16). During 1981, however,
when we observed whal es in deeper waters, no significant trend was evident
(r 70.092, t ~1.23, n ~180, 0.20<p<0.40), nor was there a significant
trend for both years conbined (r °0.044, t °~0.72, df 269, p>0.50).
During 1980 we also found a significant correlation between depth and nunber
of blows per surfacing (r = 0.272, t = 2.19, n = 62, p<0.05), but not during
1981 or for both years conbined. The simlarity in results for these two
variabl es was to be expected given the correlation between nunber of blows
and surface tinme. As shown in Table 4, nean surface times and bl ows per
surfacing were lower in waters <15 mdeep than in deeper water, but there was
no consi stent trend across the next three depth categories (16-30, 31-60 and
61-152 m. Analysis of variance based on those four depth categories showed
a significant depth effect for both surface times (F = 4.96,df = 3, 267,
p<0.005) and blows per surfacing (F = 3.66, df = 3,227, p<0.025), doubtl ess
because of the shorter values in the shallowest depths

Blow intervals were unrelated to water depth (Table 4; F = 0.73, d4df =
3,1725, p>>0. 1).

The few dive tinmes recorded in very shallow water were all short (Table
4), but there was no significant correlation between |length of dive and depth
of water during either year (Fig. 17). This is perhaps not surprising;
because of the relatively shallow water, the distance to the bottomis short
even in the deepest area where we nmeasured dive durations (152 m. | ndeed,
nmost depths over which we watched whales were less than three tines the
length of a whale.
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Ef fects of Tine of Dav

The interval between b lows varied little with tinme of day, again
denonstrating the relative stability of blow intervals (Fig. 18). Surface
time and nunber of blows per surfacing were nore variable, but did not
di splay a consistent diel pattern (Figs. 19 and 20). The variability of
these latter two variables is no doubt largely attributable to the particular
behavi or in which the whales were engaged, and not to the tinme of day (see
bel ow) . The nean dive times were relatively uniform through the day (Fig.
21).

Dive Duration vs. Surfacing Characteristics

We | ooked at the relationship between the length of a dive and the
characteristics of both the preceding and the subsequent surfacing. The
| ength of dives was positively correlated with both the nunber of blows and
the length of the subsequent surfacing (r ~0.556, df 88, p<0.00l; r =
0.436, df = 95, p<0.001l; respectively). Length of dive was not significantly
correlated with the value of either of these variables during the preceding
surfacing, although the tendency was positive (r ~0.190, df = 68, p>0.10 for
the previous nunber of blows; r = 0.137, df~ 74, p>0.10 for the previous
surface time). There was no indication that blow interval changed with the
| ength of dive.

The mean dive tinme was considerably longer during fall migration in
Baffin Bay (8.65 + s.d. 2.73 nin in 1979, n - 88) than in this study (3.17 *
s.d. 4.53 rein, n = 115), but the surface time during that fall nigration was
only slightly longer (1.69 + s.d. 1.01 rein, n "93) than our observations on
the feeding grounds (1.09_+ s.d. 0.79 rein, n “319) (mgration data from
Koski and Davis 1980), Thus , whal es overall spent about 25.6% of their time
at the surface during summer in the eastern Beaufort, conpared to about 16%
during fall mgration in the eastern Canadian arctic. As not ed above, the
25.6% figure is somewhat biased owing to the probable tendency for |onger
dives to be underrepresented in our sanple, and the actual figure is probably
somewhat | ower.
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The above results show that blow interval is less closely related to
date, depth of water, hour of day, and duration of preceding dive than are
the nunber of respirations per surfacing and the duration of surfacing. This
appears to be so in other marine manmals as wel | . Dusky dol phins, for
exanmpl e, show remarkable differences in duration of dive and surface tine on

a diurnal and seasonal basis (Wirsig 1976), but their respiration rate
changes relatively little.

Ef fect of Status and General Activity

W have al so examined the respiration and dive characteristics of five
definabl e categories of whales: calves, adults with calves, socializing
whal es, skim feeders and water-col um feeders. W will describe each in
turn.

Cal ves and Mdthers. --We saw adults with calves on six dates in 1980 and on

five dates in 1981, and we collected quantitative data on nine of these dates
(Fig. 22). The nmean blow interval was longer in the maternal females than in
other whales (t = 4.10, df = 2004, p<0.001), and the blow intervals of calves
were conparable to those of other (non-nmaternal) adults. The | onger bl ow
intervals of the mothers suggest a |lower activity level than that of the
ot her whal es. Recent work on nother-calf behavior in southern right whales
found the nothers to be relatively inactive (Thomas and Taber in prep.). The
surface time of calves (per surfacing) was significantly |ower than that of
adults without calves (t = 2.37, df = 296, p<0.02); this may be related to
frequent dives below the nmother in order to suckle. A correl ated neasure
the nunmber of blows per surfacing, was also significantly |ower for calves
than for adults without calves (t' = 5.46, df = 251, p<0.001). There were no
significant differences between the down times of the calves, the nothers,
and the other whales (Kruskal Wallis test, H = 1.614, df = 2, p>0.25).

Carroll and Smithhisler (1980) present sone conplenentary data for the
spring migration period. At that time, as in summer, calves tend to surface
for briefer periods than do other bowheads, and often blow only tw ce per
surfacing. In contrast to our results, Carroll and Smithhisler found that
calves and their nothers tend to dive for shorter periods than do other

bowheads.
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Socializing vs. Non-Socializing Wales. --The surface tinmes and nunber of

bl ows per surfacing were not significantly different for socializing and non-
socializing whales (Fig. 23). However, the blow intervals of socializing
whales were significantly longer than those of non-socializing whales
(t'" = 2.39, df = 2065, p<0.02). Although the difference is statistically
significant, the neans differ by only 1.3 s (socializing nean "14.0 + s.d.
10.54 s, n = 426; non-socializing nean "12.7 * s.d. 7.44 s, n = 1641), and
thus the blow intervals were not widely disparate. Neverthel ess, those
whal es which interacted on a close basis with others were breathing |ess
of ten than whal es ot herwi se engaged. Since sone of the non-social behavior
consisted of water-colum feeding, nore rapid breaths during this feeding

activity may be responsible for these results (see bel ow).

Feedi ng and Non- Feedi ng Wal es. --We conpared whal es that were skim feeding

or classified as water-colum feeding with non-feeding whales (all whales
without any of the indications of feeding described above and w thout
underwat er bl ows) . Skimfeeding whales (Fig. 24) had a nean blow interva
margi nal ly |1 onger than the means for non-feeding and water-colum feeding
whales (t' = 1.69, df = 1785, p<0.10; and t = 2.20, df = 256, p<0.05,
respectively) .  The nean blow interval for whales classified as water-colum
feeding was marginally shorter than that for non-feeding whales (t’ ~1.80,
df = 1877, p<0.10). The nunber of blows per surfacing and the surface tine
per surfacing varied in a consistent fashion for the three feed ing

categories. \Whales that were water-colum feeding blew nore often and stayed
at the surface longer than did non-feeding whales (t ~3.82, df 238,

p<0.001; t = 2.87, df = 284, p<0.0l, respectively). Ski m f eedi ng whal es
tended to blow |l ess often and stay at the surface a somewhat shorter tine
than did other whales, but the differences are not statistically
significant. W have no data on surfacing and respiration characteristics of

undi st urbed bottom feeding whal es.

Soci al Behavi or

Behavi or was terned social when whales were within one-half body |ength
of one another or appeared to be pushing, nudging, chasing or obviously
orienting their activities toward one anot her. Certainly animals very far
apart could be interacting> and we assume that our observations of possible
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synchronous dives over an area many kilometres in dianmeter represented a form
of social interaction. However, only close interactions were unanbiguously

recogni zabl e. Interactions between nothers and calves were not included as
social interactions in this analysis. In 1980, we observed | ess soci al
behavior than in 1981 and no apparent mating. In 1981 we observed mating or

attenpted mating at |east twice. Because groups of whales usually could not
be reidentified positively fromone dive to the next, we treated observations

of social behavior at intervals >5 min as independent for the purpose of
counting nunber of interactions. Conversely, we did not score social

behavior in the sane area nore than once in 5 mn when counting its

frequency.

Frequency of Socializing

Soci al behavi or appeared to occur |ess frequently in late August-early
Septenber than in early August both in 1980 and 1981 (Fig. 25). In the first
10 days of August in 1980 and in 1981, we saw three or nore social
i nteractions per aerial observation hour during 5 of the 8 flights with
dat a. This frequency of socializing was observed only once during the 17
flights with data after 10 August. Rugh and Cubbage (1980) and Carroll and
Smithhisler (1980) report a higher incidence of social interactions during
the spring mgration around Al aska. The apparent waning of social activity
that we observed as sunmer progressed may be part of a continuous decrease

from the higher spring |evel

There was sone indication of hour-to-hour variation in anount of social
activity (Fig. 26). There was a peak around 14:00-16:00 MDT, which is the
noon period by sun time because MDT in the study area is about 3 h advanced
relative to sun tine. This peak was evident in both years. There was a
possi bl e secondary peak after 20:00. Wy whal es should engage in nore soci al
activity around noon (and possibly in the evening) than at other tines is
unknown, but diel rhythms are well known in several species of nmarine manmal s
(e.g., Saayman et al. 1973 for bottlenose dol phins; Matsushita 1955 for sperm
whal es; Schevill and Backus 1960 for hunpback whal es). It is possible that
the increased |level of socializing that we saw around noon is a reflection of
a lowered | evel of feeding at that time, which Nenoto (1970) suggested for
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FI GURE 25. Nunber of observations of socializing per aerial observation

hour during each airflight in 1980 and-in 1981. The nunbers at
the top of each column are nunber of social interactions/nunber
of observation hours.
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bal een whales in general. The daily nidday peak in socializing coincides

with the daily minimumin underwater blowing (Fig. 6).

We found whales socializing in nost of the water depths where whal es
were observed. There appeared to be a peak in rate of socializing between 30
mand 40 m (Fig. 27), but |low sanple sizes and inconsistencies between 1980
and 1981 preclude definite conclusions.

In the course of interacting with nearby whales, socializing whales
often turn while at the surface. In contrast, non-socializing whales often
cone to the surface and dive again wthout changing direction. To conpare
this quantitatively, we calculated the incidence of turning for socializing
and non-soci alizing whal es:

Soci al i zi ng Non- Soci al i zi ng
Surfacings with turns 44 105
Surfacings wthout turns 77 324
Total surfacings 121 429
%z surfacings with turns 36% 24%

The socializing whal es made significantly nore turns than the non-socializing
whal es (chi-square = 6.75, df = 1, p<0.05).

Group Structure and Stabilitv

Two observations of recognizable bowheads provided some evidence about
group structure and stability. W observed a distinctively nmarked pair of
adults, one of which was acconpanied by a calf, at about 7010 N, 133°50'W,
on 7 August 1980. One adult ('white tail’) had a large amount of white al ong
the trailing edge of its tail; the other ('triangle’ ), which was acconpanied

by a calf, had a large triangular white patch on the peduncle and adj acent

part of the tail. W saw a simlarly marked group of two adults and a calf,
almost certainly the sane whales, on 20 August at 70°07'N, 131°30'w, which is
about 100 km from the place they had been seen two weeks earlier. This

observation suggests that bowheads sonetines have sone sort of stable group
structure that is maintained for at |east a few weeks, The observation al so
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suggests that females with calves nmay sonetinmes be acconpanied by escorts, as

has been observed for hunpback whales (Herman and Antinoja 1977).

Apparent Mating Activity

In 1981, we observed apparent mating activity on two occasions. The
nost prol onged observation of apparent copul atory behavior was on 10 August
1981 about 70 km nort hwest of Pullen Island. Thi s observation” was made

within a 25 knfarea where there were 20-30 whal es whose main activity was
socializing. Two whales interacted for over one hour, wth chases, flipper
caresses, belly to belly orientation, rolls toward and away from each other,

head nudges to the genital area and to the rest of the body, tailslaps, and
flipper slaps. This activity was vi deot aped. It appeared that one of the
whal es, a recogni zable animal that we ternmed 'Whitespot', was about 1-2 m
[ onger than the other whale ('B') and was the nore aggressive. Al t hough B
originally nudged the genital area of Witespot, it was Witespot who
appeared to initiate flipper caressing and rolls toward B. The two whal es
rolled their ventrums together for about 5 s, but B then rolled its ventrum
inthe air in an apparent attenpt to avoid ventral contact with the |arger
anima 1. As it rolled away from Whitespot, B defecated, and when Witespot

noved its head toward the genital area of B, B defecated two nore tines in
rapi d succession. B then dove away from Wiitespot, and Witespot followed it

at the surface in an apparent chase. Wi t espot then stopped and, al one at

the surface, rolled two tinmes and tail slapped while on its back. [t then
dove, and the two appeared together again at the surface 4 nmin later, with no

further energetic surface interactions.

Unfortunately we do not know the sex of either animal, but the observers
had the strong inpression that Witespot was attenpting to copulate with the
reluctant animal. Sonme of us (BW CC, RP) have observed southern right whale
females frequently roll their ventrums away from aggressive males, |eaving
their genital areas above the surface of the water where the nal es cannot
reach them  Qur observations here were highly rem niscent of such behavi or,
and although adult females are slightly larger than adult males in both right
and bowhead whales, we comonly see |arge southern right whale males in

pursuit of smaller fenmales which attenpt to avoid them
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On 25 August 1981, approximately 28 km northwest of Pullen |sland, we
observed a recogni zable whale (' Tan’) in 10-13 mwater depth opening and
closing its nouth at the surface, and enmitting clouds of rmud fromits nouth.
We suspect that it had been feeding near the bottomin the relatively shallow
water, and was cleaning its baleen at the surface. O her whales in the
vicinity, 15 or nore body lengths from Tan, emitted simlar clouds of nud
after surfacing. Approximately 1/2 h after this apparent feeding, Tan was
joined by another whale, and the two rolled their ventrums together, while
clasping each other with their flippers. This lasted for 1 rein; then they
rolled apart sinultaneously, blew, and dove slowy as a third whale
appr oached. The nutual rolling and |eisurely diving behavior of this pair
indicated that, if this was copulatory behavior, it was mutually undertaken
by the two whales, in contrast to the previous exanple.

Apparent sexual activity during spring mgration around Al aska has been
described by Everitt and Krogman (1979), Carroll and Smithhisler (1980), Rugh
and Cubbage (1980), Johnson et al. (1981) and Ljungblad (1981). Al t hough the
eastern Beaufort Sea has traditionally been regarded as part of the feeding
grounds for the bowheads, we have found socializing to be an inportant
component of their behavior there during sumer, perhaps W th occasional
mating. The frequency of this activity may fluctuate fromyear to year, but
both feeding and socializing occur in both the eastern Beaufort Sea in summer
and the Alaskan Beaufort Sea during one or both migration periods

Bowhead Sounds

There are few reports docunenting the types of sounds produced by
bowhead whal es. Poulter's reports (1968, 1971) on purported bowhead sounds
probably describe bearded seal songs. It is only in the last several years
that there have been reliable docunentations of bowhead sounds (Braham et
al . 1979, 1980b,c; Ljungblad et al. 1980a, 1982; Cdark and Johnson in
prep. ) . These studies have all been during migration (spring and fall) or
during late winter, and all have been in Al askan waters. In general, nost of
t he sounds have been described as noans, although pulsive growl s, screanms and
roars have also been recorded. Al reports have concentrated on descriptions

of the sounds and have not attenpted to correlate sounds w th behaviors.
Thus, although we are beginning to docunent the types of sounds these whal es
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produce, we have no clear understanding of the biological significance of the

various sound types.

Intensity levels for bowhead sounds have been estimated to be in the
range of 135 to 145 dBre 1 pPa at 100 m (Clark and Johnson in prep.). These

l evels translate to source |levels of about 175 to 185 dBre 1 pPa at 1 m
which are simlar to source levels estimated for the blue whale (188 dB,

Cunmings and Thonpson 1971) and fin whale (180 dB, Payne and Webb 1971) and
nmeasured for the closely related southern right whale (181-186 dB, Cdark

unpubl.).

In this section we describe types of bowhead sounds recorded via sono-
buoys deployed in the eastern Beaufort Sea during the sumers of 1980 and
1981. The hydrophore was usually deployed to 18 m or the bottom whichever
was | ess. These sounds are conpared to those recorded in May of 1979 and
1980 of f Point Barrow (d ark and Johnson in prep.). Sone attenpt will be
made to place the sounds in a functional perspective by comparing themto the
calls of southern right whales (Payne and Payne 1971; Cummings et al. 1972;
Cark 1982a,b).

Al sounds were listened to at normal speed, and a general description
of each sound, its relative intensity, and time of occurrence were noted.
Sounds judged to be of sufficient intensity to permt analysis were converted
into hard copy spectrograns using a Spectral Dynamics (SD 301C) real-tine
anal yzer or a Kay 6019A Spectrograph. From the spectrograns we nmeasured the
sound’s initial, final, |owest and highest frequencies (+ 10 Hz), and its
duration (+ 0.1 s). The types of sounds were deternined by visual inspection
of the spectrograns, or fromthe aural inpression of the sound, or both.
Because of the frequency response characteristics of the sonobuoys (G eene
1982: Fig. 2), hi gh frequencies are sonmewhat overenphasized in the
spectrograms. However, this does not affect the analyses reported here.

Table 5 lists the dates and times during which bowhead sounds were
recorded in 1980 and 1981. Next to each date is a listing of any industrial
noi se (seismc inpulses, ship noise, etc.), the approximte nunber of whales

within a 3-4 kmradius of the sonobuoy, the general behavior of the aninmals
the rate of call production in calls per whale-hour, and a tabulation of the



Table 5. Daily sumary Of various types Of bowhead sounds recorded 1N 1980 and 1X1.
# Sourds of Each Type
calls Other
(bservat ion ) doubl e
Tiie I ndustrial # , @ 1 rate or . ham-
Date () noise animals Behavi or (calls/*ale-h) up down const .  inflected Ni GO onic pulsive blows  slaps

7 fug 1980 1432- 15431 mone 7 mld s it 9.1 8§ 2 1 0 0 20 0 1 0
22 ag 1980 1333- 1420 rone 12-15 skim gt ing 1.0 4 5 ! ! 0 0 0 56 0
22 ug 1980 *1 935-2035 geiamic 7 w cheervat | ONS 5.6 7 6 ! 3 9 3 3 0 0
23 fug 1980 1058- 1145 me 5 skimfeed i 2.6 6 1 0 0 0 3 0 3 0
27 hug 190 %1919-2230 ship disturbance ? m cbservat ions ? 3 1 | 0 l 0 1 0 0
29 Ag 190 1316- 1442 me 8-10 mild social 13 23 0 8 0 1 0 8 0
5 wg 1981 0956- 1029 me 5 swinming 30.5 %7 N 8 10 2 2 4 0
5 ag 1981 *1029-104 | seiamic 5 swinming 13.0 5 0 0 0 2 0 6 2 0
10 ag 1981 130$- 1359 none 2 rest ig 0.0 0 0 0 0 0 0 0 0 0
10 ag 1981 1439- 1424 none 5 mld scia 11 0 0 0 0 ! 0 3 0 0
18 ug 1931 1030- 1332 rone 10 swinming 1.4 AU 5 l 1 3 3 5 2 4
18 ag 1981 1821- 1949 faint sip mise 20-30 feeding 0.3-0.4 4 3 0 0 0 1 3 43 0
18 ae 1981 *1949-2009 airgun 20- 30 feed i 0.0 0 0 0 0 0 0 0 0 0
18 g 1981 2\8-2215 farnt sip mise 20-30 feed ing 0,9-1.3 33 3 l ! 5 12 2 83 0
19 up 1981 *1250- 1346 Ship disturbance 5-6 feed ing 0.0 0 0 0 0 0 0 0 9 1 -
19 ag 1981 *1 346-1426 ship - disturbance 5-6 mld social 1.0-1.2 30 0 ! 0 0 0 2 0
19 g 1981 *1426- 1445 airgm 5-6 mld secial 0.5 L0 0 0 0 0 0 0 0
19 ag 1981 1445-1533 farnt simic 4 mid sc il 0.3 ! 0 0 0 0 0 0 2 2
23 ng 1981 1109- 1156 faint seianic 5-6 mld secisl 2,1-2.6 5 3 l 0 l 0 0 2 0
23 up 1981 1826- 2125° sip noi se briefly 12 active social 10.1 68 19 7 6 46 114 103 i b

ad faint seismic
23 ng 1981 WU RANE) ship moise i) active social 0.0 0 0 0 0 0 0 0 0 0
24w 1981 *1439- 1535 shi P mie ad 12 swimming 0.9 3 4 0 0 ! 0 2 0 0

S¢ 14nic
25 g 1981 *1 1251224 seismc 15 swimming 0.5 T 0 0 0 0 0 0 | 0
25 mg 1981 *1224-1238 seiamic 4 mld secia 4.2 4 0 0 0 0 0 0 1 0
25 ag 1981 % 240-1250 Ship mise ad 1 lg Pl aying 15 [0 0 0 0 0 0 ! 0

seismic 3 m social
25 wy 1981 1 250- 1435 @ lanic 46 swimming 3.0-4.4 17 1 0 0 1 5 1 0 0
3 s 1981 * 1521301 airplane distubae 6 M observ. 1.1 9 0 0 0 ! 0 0 0 0
3 sep 1981 1853-1914 me 5 w0 chserv . 0.0
8 sp 1981 2129-2233 none 6 et IV-8 acial 224 10 3 1 0 il 10 10 5 4

* Potentially distubed condition.

a__ b
and’ represent to sombuoys deployed avd monitorel simltaneousl Y.

SI1 i°lABYSI TBWION
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nunber and types of sounds recorded. Call rate was conputed by dividing the

nunber of calls by the duration of the observed behaviors (see 'Tine’
colum, Table 5) and by the nunber of whal es involved. Bl ows and slaps are

excluded fromthe call rate.

Bl ow and Slap Sounds

The data in Table 5 reveal a striking difference between the number of
bl ow sounds heard from feeding whales and whal es engaged in other behaviors.

Feedi ng whal es produced between 1.0 and 9.2 bl ow sounds per whal e-hour

conpared with 0.0 to 1.4 blow sounds per whale-hour for any other

behaviors.If bl ow sounds on 18 August 1981 are assuned to have been detected
only from the 10 whales that were within approximately 2 km of the
hydrophores, then the m ni num bl ow sound rate for feeding whales was 2.5
instead of 1.0. This difference in blow sound rates between whal es engaged
in feeding and other behaviors does not appear to be attributable to a
difference in respiration rates or to greater distances between the
hydr ophores and the non-feeding groups; blow rates and distances fromthe
sonobuoys were generally the sanme on all 14 days of recording. There are
several other possible explanations for these differences in the nunber of
audi bl e bl ow sounds. Rel ative to the non-feeding whal es, feeding whales
m ght have been blowing nore forcefully and/or they might have had their
nostrils closer to the air-water interface when bl ow ng. However, in our
obl i que-angl e video recordings nade from the air, feeding whales do not
appear to be blowing nore forcefully (as judged by the height of the blow),
and observers did not’ note any differences between the exhal ations of feeding
and non-feedi ng whal es. There is evidence from the behavioral observations
that feeding whal es blew while underwater nore often than did the non-feeding
animal s. Al though we have no good explanation for the difference between the

nunber of bl ow sounds heard from feeding as opposed to non-feeding aninals,
we wonder whether the |ouder blows may help to synchronize surfacings

whal es and may explain the possible synchrony in surfacings discussed above

Bowhead sl ap sounds, which are best described as short (<0.2 s),
broadband (O 1 kHz) signals with sharp onsets, were difficult to identify
because of their simlarity to certain ship noises. In Table 5 slap sounds
are tallied only if they were loud and relatively undistorted, and occurred

of
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when nearby ships were quiet. These counts are probably underestinates of

the actual number of slap sounds produced by the whales

Call Types and Their Characteristics

Table 6 gives the neans and standard deviations of several acoustic
paraneters for each of the eight call types that were recognized. Table 6A
i ncl udes sounds recorded during both undisturbed and potentially disturbed
conditions, while Table 6B includes only sounds recorded during undisturbed
condi tions. This tabulation includes only those sounds that were of
sufficient quality for reliable measurenents. In the remainder of this
section, sounds that were not blow sounds or slap sounds will be referred to
as calls.

Not including blow sounds and slap sounds, the najority of sounds (57%
were tonal, frequency nodulated (FM calls lasting 1-2 s (see Fig. 28)
These tonal calls were usually a single note that was ascending (Fig. 284,B),
descending (Fig. 28D), or constant (Fig. 28C) in frequency. Most FM cal | s
cont ai ned acoustic energy between 100 and 250 Hz (see Table 6) but there were
sone relatively high FMcalls (Fig. 281) with frequencies between 400 and
1200 Hz. Cccasionally FMcalls were inflected (Fig. 28F), conposed of two
notes (Fig. 28E), or lasted up to 3 s (Fig. 28G). These rarer types of
calls were typically restricted to frequencies bel ow 400 Hz, although a few

inflected calls and |long calls were above 400 Hz.

Another FM call type was characterized by its rich harnonic spectrum
(Fig. 28H) which gave the call the aural quality of sounding like a ‘purr’,
Fundanental frequencies were between 30 and 110 Hz. |In any one sound the
fundamental renmined relatively constant, never varying by nore than 30 Hz.
These sounds contained. as many as 16 harnonics, with the harnonic bands being
integral multiples of the fundanental. Det ai | ed oscillographic anal ysis of
these calls revealed that they were not pulsatile (see Broughton 1963;
Vatkins 1967). This evidence strongly suggests that the nultiple harnonic
spectrum is generated at the anatomi cal sound source (see Geenewalt 1968)
and is not the result of spectral shaping by resonance cavities



Table 6. Acoustic parameters Of bowhead call types during (A) all

Mean + s.d. are shown.

conditions and (B) presumably undisturbed conditions, 1980- 1981.

Call Type
. = ';‘.“.- R

—_— | - e |~ ] = )
Aeoustic Par amet er up down constant | inflected double high | pulsive
A, ALL OONDITIONS
Initial frequency (Hz) 137 +55 | 184 + 52 225 + 24 243 + 48 210 + 45 720 + 295 68 + 16
Final frequency ( Hz) 173471 | 130+33 | 228+24 | 240425 | 250 +.115 [ 666 .+ 216 | 66 + 16
Lowest frequency (Hz) 137 + 55 184 + 52 225+24 157+48 146 + 50 590 * 160 — 1026 +_385
Highest frequency (Hz)  |I73+71 | 130+38 | 225 +2 | 242 +45 | 256 .t 8 [793 +182 | — 1536 + 408
Duration (s) 1.3+05]1.3+0.4 1.1+0.4 1.3 -1-0.5 21+02 10.7+0.3 1.4 -1-0.4 1.3 +0.6
Sample Size 96 31 20 17 9 15 50 62
B. UNDISTURBED (ONDITIONS
Initial frequency (Hz) 141 + 56 18 + 52 225 + 24 243 + 48 210: 45 720 + 295 68+16
Final frequency (Hz) 169 + 73 | 130 + 38 228 + 24 240 + 25 250 + 115 | 666 + 216 65 + 16
Lowest frequency (Hz) 141 + 5% | 184 + 52 225 + 24 157 + 48 146 + 50 590 + 160 — 1022 + 387
H ghest frequency (Hz) 169 + 73 130 + 38 225 + 24 242 + 45 256 + 82 793 + 182 t 1536 + 408
Duration (S) 1.3+05] 1.3+0.4 1.1 +0.4 1.3 +0.5 2.1 +0.2 0.7 +().3 1.4 + 0.4 1.3 + 0.6
Sample Size 86 30 20 16 9 15 48 59
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FI GURE 28. Representative bowhead sounds: (A and B) ascending calls, (O
constant call, (D) descending call, (E) two-note call, (F)
inflected call, (G 1long call, (H) harmonically rich call, (1)
high call, (J) hybrid call, and (K) pulsive call. Each

division on the tine axis represents 1.0 second. Note that the
frequency scale in I-K (0-2000 Hz) differs fromthat in A-H

(0-800 Hz).
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The last mmjor call type was a conplex pulsive sound containing
broadband energy principally in the 400 to 2000 Hz band (Fig. 28K). The
pulsive and broadband characteristics of these calls gave them the aura
quality of sounding like a ‘screech’ or high pitched ‘roar’. These conpl ex
pulsive calls have been heard in A askan waters, where they have sonetines
been referred to as ‘elephant-like roars’ (Ljungblad et al. 1982). Pulsive
calls were often produced in a series with as many as 15 calls heard in 27 s.

Three calls were recorded that were internedi ate between a tonal FM call
and a pulsive call (Fig. 28J). Al three of these hybrid type calls began as

a high (>400 Hz) sound and ended as a broadband pulsive sound.

Context of Call Types

From the data tabulated in Table 5 there is sonme indication that the
types and nunmbers of calls produced are correlated with the types of
behavi ors observed. At this point, sanple sizes are too small to test for
the significance of these possible correlations, but general associations are
beconmi ng apparent with increasing amounts of observation tine. It should be
recogni zed that the call rate data are sonewhat confounded by the fact that
it was not known which whales in the area were responsible for the sounds
This potential problem was mninzed by considering only five types of
behavi ors: resting, SW i ng, f eedi ng, mld socializing and active
soci al i zi ng. These categories are not necessarily mutually exclusive.
However, one can consider themto be graded fromlow | evel s of physica

activity (resting) to high levels of physical exertion (active socializing).

On days when whales were either resting, swinmng, feeding or mldly
socializing, the rates of calling (see Table 5) usually were relatively |ow,
while on the two days when whales were actively socializing, calling rates
were high. The elevated calling rates during both days with active
socializing are nostly attributable to the great nunber of high calls and
pulsive calls on those dates. A few high calls were produced on other days
but never to the extent that they were during active socializing. A few
pulsive calls were also heard on three occasions when whal es were sw nmi ng
and there was concurrent seismc activity, and on five other days when whal es
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were swiming, feeding or mldly socializing but there was no seisnic

activity.

The extent to which seismc activity and/or ship noise affects sound
production is difficult to assess with these data because of the linited
nunber of observations and the fact that alnobst all sound recordings
contai ned some ampunt of industrial noise. 1In Table 7, the total nunbers and
the average rates of sounds produced during the five different behaviors are
given depending on whether the observation was considered ‘presunably
undi sturbed’” or  ‘potentially disturbed . For those behaviors where
observations were made under both conditions, the average rates of sound
production were always higher during undisturbed conditions than during
di sturbed conditions. This trend suggests that increases in |ocal ambient
noi se conditions due to industrial activity affect the rate at which whales
produce sounds. There does not appear to be any effect on the character-
istics of the sound types (see Table 6), but the number of sounds that were
measured for acoustic paraneters under disturbance conditions was very snal
(n = 17). For , additional discussion of call rates in the presence of
i ndustrial noise, see the ‘Disturbance’ section (Fraker et al. 1982).

Al'l of the types of sounds recorded during the present project have al so
been recorded during spring mgration past Point Barrow (Ljungblad et al
1982; Cdark and Johnson in prep.). Only a few high frequency FM calls and
conpl ex pulsive calls were heard in August 1980 when only 3.5 h of recordings
were made and there were no observations of active socializing. Mny nore of
these two call types were subsequently recorded in August and Septenber 1981
when 23 h of recordings were nmade and active socializing was observed.
Because our linmited sunmer recordings include all the call types that have
been recorded during the nmore extensive spring work, it is possible that the
entire call repertoire of the bowhead has now been docunented during both the
spring and sumrer seasons.

There were differences between the spring and sunmer seasons in the

relative nunbers and rates of the various calls. In spring 1980, 81% of the
calls were low, tonal FM sounds, 12% were harnonically rich calls, and the
remai ning 7% were high FM and pulsive calls. O the low, FMcalls, 32% were
ascending in frequency while 46% were descending. In summer 1981, 41% of the



Table 7, Sunmary of nunbers and rates of bowhead sounds during presumably undisturbed and potentially disturbed conditions;, * =
potentially disturbed conditions (does not include 23 August 1981, times 1951-2125, observation).

_ inflected
Behavi or al No. Call rate # # and
Activity groups  (calls/whal e-h) hours whale-h up down constant  double hi gh harmonic  pulsive
Rest ing 1 0 0.92 1.8 0 0 0 0 0 0 0
*Resting 0 - - -
Swi i ng 2 3.8 3.58 33.1 49 12 11 9 13 5 27
*Swi mmi ng 4 1.7 3.87 35.7 32 11 0 0 4 5 9
Feed ing 4 11 5.12 85.0 47 6 2 2 5 16 5
*Feeding 2 0 1.10 10.3 0 0 0 0 0 0 0
MId Socializing 5 2.3 4.25 25.8 16 8 2 8 2 21 3
*MId Socializing 4 1.5 1.38 6.5 9 0 0 | 0 0 0
Active Socializing 2 16.0 3.05 30.2 78 22 8 6 73 124 173
*Active Socializing 0 0

OZ1 30TARYSYg TBWION
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calls were | ow FM sounds, 18% were harmonically rich calls, and 41% were high
FM and pulsive calls. O the low FMcalls, 69% were ascending in frequency
and only 17% were descendi ng. Call rates for ascending low FM calls were
simlar for both seasons, but rates for |ow FM downsweeps were about 5.0

calls per whale-hour in spring but only 0.5 calls per whale-hour in sumer.

Al t hough we have no direct behavioral evidence by which to assign
communi cative functions to the sounds of bowheads, we can infer some genera
functions from the data gathered so far and by referring to what is now known
of southern right whale calls (Oark 1982a,b).

Cl ark denonstrated that the up calls (tonal, FM upsweeps) of right
whal es are contact calls. Single animals were nmost likely to produce these
sounds, and two single swinmmng animals were often observed calling back and
forth before joining. The | ow frequency upsweeps from bowheads are
essentially identical to the up calls of southern right whales, and it seens
possible that these simlar signals serve a simlar function as contact
calls.

Clark (1982a) also suggested that, in right whales, the |ow FM down-
sweeps are a form of contact call that helps to keep whales in acoustic range

but do not bring them into physical contact. These calls may have a simlar
function for the bowhead. Production rates for descending calls in the
spring are an order of magnitude greater than rates in the sumrer. [f one
assumes that, during spring migration through largely ice-covered waters, it
is inportant for the whales to remain in contact as an ‘acoustic herd , then
one woul d expect themto produce contact sounds. The descending call is the

predominant sound during mgration and it is produced at unusually high
rates.

On both occasions when bowheads were socially active, high FM and
conpl ex pulsive calls were heard. Al'though a few of these call types were
al so recorded under different behavioral circunstances, it was only when the
whal es were active that the majority of calls were of these types. These
results are very simlar to those docunmented for southern right whales (Qark
1982a,b). dark found that socially active (including sexually active) right
whal es al nost al ways produced a series of sounds that were either high FM
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hybrid or pulsive calls. C ark concluded that high calls were indicative of
excitement and that pulsive calls were aggressive sounds used in agonistic
contexts. The fact that socializing bowheads were heard making simlar
sounds suggests that the active social groups contained both nmales and
females, and that high FM and pulsive sound types have a simlar function for

t he bowhead.

In summary, the sounds recorded from bowheads in the eastern Beaufort
Sea during August 1980 and August and Septenber 1981 were simlar to those
recorded from anima 1s off Point Barrow, Alaska, during their spring
m gration. It is possible that the full repertoire of call types has now
been recorded during the sunmer season. Di fferences between seasons were
found in the relative proportions and rates of the call types, " but no
qualitative differences were evident. The nost obvi ous seasonal differences
were in the production rates for descending calls; these calls were about 10
tinmes nore frequent in spring than in sunmer. Conversely, nore high calls
and pulsive calls were recorded in summer. There was some association

between sound types and the behaviors of the whales. In general, resting,
swinming, feeding and mldly social animals had |ow rates of sound production
and made nostly low FM calls, while active socializing whales had high rates
of sound production and produced nostly high FM calls and conpl ex pulsive
calls. From a conparison with the southern right whale, it appears that the
bowhead and right whal e have similar acoustic repertoires and that many of

their sounds may have similar communicative functions.

Shore (Observations

During late summer of 1980, bowhead whal es usually stayed at least 5 to
15 km from the east end of Herschel Island (69°35'N, 138°51'W). In late
sumrer 1981, whal es were seen somewhat closer to the island, from2 to 10 km
away. Because of the large distances involved in both years, behavioral data
obtained from shore were restricted to the npbst conspicuous attributes.
Breaching and other forms of aerial behavior were especially well docunented
in 1981.
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Water Depth

We determned the positions of whales and calculated the water depth
over which the whales travelled. There is a bias for shallow water in these
data because we could only determine the position of whales while they were
within sight of the observation point. However, the bias is consistent, so
we can look for variations within the data from day to day and from hour to

hour .

From 3 to 12 Septenber 1980, nost whales were in approximtely 32 m of
water, and the nean depth did not change appreciably throughout the day (nean
=32.0 +s.d. 10.24 m n = 179, Figure 29). However, during the evening the
variance in water depths at |ocations where whales were sighted appeared to
i ncrease. Thus , in the nmorning the bowheads strongly favored waters slightly
over 30 mdeep, while later in the day they appeared to spread to shall ower
and deeper water. From 29 August to 10 September 1981, whales were in an
average of about 36 mof water (mean = 36.3 + s.d. 9.36 m n = 78). This
nmean depth did not change appreciably on an hourly basis, and there was no
indication of greater variance in depths during the evening.

Surfacing Characteristics

Because we were not able to identify particular whales fromone dive to

the next, and we often did not observe themfor conplete surfacings, the only
data on surfacing characteristics that we could obtain were on blow
i ntervals. The mean blow interval of undisturbed whal es observed from shore
was 13.6 + s.d. 8.44 s (n = 24) in 1980 and 15.3 + s.d. 10.31 s (n = 36) in
1981. The overall nmean was 14.6 + s.d. 9.56 s (n = 60), excluding an
aberrant whale discussed below. These values were somewhat |onger than those

observed fromthe air (13.0 + s.d. 8.38 s, n = 2067), although the difference
is not statistically significant.

Swi nmmi ng Speeds

Since the theodolite supplied us wth |locations, we were able to
cal cul ate the speed of travel of sone whales. Whal es rarely changed
direction within any one 30 s period, and we therefore calculated speeds from
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theodolite readings taken within 30 s of each other. This criterion was

changed to 60 s periods for 30 August 1981, when a whale was followed at the
surface for a long period, and changed direction relatively little.

For 1980, the average speed of whale travel was 5.1 kmh (n = 18, s.d. =
2.93) at the surface, and 4.3 kmih (n = 4, s.d. = 0.79) below the surface.
Except during several unique situations (see below), we were unable to obtain
average speeds of travel for 1981. The 1980 speeds are conparable to the
most reliable estimtes derived by Braham et al. (1979) and Rugh and Cubbage
(1980) for migrating bowheads, 4.8 to 5.9 kmh and 4.7 _+ s.d. 0.6 km/h,
respectively. However, based on additional data, Braham et al. (1980b)
estimated the mean speed at Point Barrow in spring to be 3.1 _+s.d. 2.7
kn h. The speeds of bowheads in active mgration along the coast of Baffin
Island in fall were 5.0_+ s.d. 1.3 kmih (n = 22) based on theodolite
observations froma cliff, and 4.7 + 1.6 kmh (n = 10) based on aeri al
observations (Koski and Davis 1980).

On 30 August 1981, an adult whal e was observed continuously for 1 h
31 mn. Its behavior was unusual in that it did not subnerge during the
entire tinme, (The longest surfacing that we observed otherwise in both years
was 5.9 mn.) This whale travelled in an easterly direction at an average
speed of 2.3 + s.d. 1.26 kmh, considerably slower than the speeds nentioned
above. Its nmean blow interval was 10.0 + s.d. 13.55 s (n = 420),

significantly | ower than the nmean for all other undi sturbed whal es observed
from Herschel Island (t = 3.26, df = 478, p<0.01).

On 8 Septenber 1981, data were collected by theodolite on a nother-calf
pair for 1 h 49 min. Because we obtained only a few position readings of the
adult during this tine, no speed of novenent could be calculated for the
presuned femal e. However, the average speed of travel by the calf was
8.9 + s.d. 5.57 kmih (n = 28). During this rapid novenent, the calf
exhibited several aerial behaviors: full breaches (exposing nore than half
the body out of water), half breaches (exposing |less than half the body),
forward lunges, tail slaps, flipper slaps, and head rai ses. Because such a
sequence of aerial behavior has not been docunented in detail for bowhead
whal e cal ves, we endeavor to do so bel ow
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Cal f Breaching*

The calf mentioned above was aerially active for 29 min. It breached 23
times, forward lunged 9 times, and half breached 5 tines. These 37 events
occurred in 10 discrete bouts that were separated by a nmean of 1.83 + s.d.
0.66 nmin (n = 9) between the |ast event of one bout and the first event of
t he next. Bouts were defined as series of successive aerial behaviors

uninterrupted by a period of respiration.

The percentage of breaches in the total nunber of breach events
(breaches + hal f-breaches + forward | unges) declined from90%in the first
five bouts (20 events) to 29% in the second five bouts (17 events) (Fig. 30).
Since hal f-breaches and forward lunges are partial breaches, presumably not
requiring as much exertion as full breaches, this decrease in the proportion
of breaches nay have been a result of the calf tiring. Southern right whale
calves and adults also conbine breaches, half-breaches and forward I unges,
with the proportion of breaches varying considerably (O 86% for calves and

40-100% for mothers (P. Thomas and S. Taber, unpubl. data).

The calf’s speed was highly variable during this aerial activity. The
aver age speed between breaches was 5.5 + s.d. 3.98 kmh (n = 10). The
average speed between forward |unges and other aerial activity was 12.1 +
s.d. 6.14 kmh (n =11). The difference in speeds between these two
different behavioral categories was significant (t = 2.90, df = 19, p<0.01).
The highest speeds recorded were 22.7 and 22.1 kmh, respectively, between
breaches 1 and 2 and breaches 2 and 3 of bout 3. A speed of over 22 kmh
was nmaintained for 61 s, during which the calf breached, travelled 190 m
breached again, changed direction by 165°, travelled 190 m and breached a
third tine. These observations denponstrate the strenuous nature of

br eachi ng.

The nmean tinme between aerial events in a bout was 28.1_+ s.d. 6.99 s
(n = 36). The longest tinme between breaches was 43 s and the shortest 16 s.

* This section was prepared by Peter O Thonmas, and may be cited as Thonas,

P.O. 1982. Cal f breaching. p. 126-130 In: W.J. Richardson (ed. ) ,
Behavi or, di sturbance responses and feeding of bowhead whal es Balaena

nysticetus in the Beaufort Sea, 1980-81.
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In contrast, the breaches of an adult bowhead seen in 1980 were spaced an

average of 45.5 s apart, and the nmean tine between aerial events for right
whal e calves ranged from 11-27 s in 8 different aerial sequences observed.

Bet ween bouts the calf was observed to breathe fromOto 4 tines.

Breaths could certainly have been m ssed, especially between bout six and
seven when two surfacings were seen but no breaths were recorded in the 2.12

mn between aerial events. Breaths between bouts were often taken with a
sharp raise of the head. At the end of two bouts the calf slapped its flukes
and at the end of another it slapped a flipper. Sout hern right whal e cal ves

commonly comnbine bouts of breaching with flipper and fluke slapping (Thomas

and Taber, in prep.)

During this period of aerial activity the calf's track was very
convol ut ed. Turns of nore than 90° occurred between 10 of the events and
simlar changes of course occurred in the intervals between bouts (Fig. 31).
In 7 of 10 bouts the calf changed direction after one or nore breaches to
bring it back toward the starting point of that bout. In six of these bouts
the calf’'s last breach event was closer to the starting point than at |east
one of the mddle breach events of the bout. This pattern resenbles that of
ri ght whale calves, which often breached in ‘circles’ away from and then back
toward their nothers (Thomas and Taber, in prep.). By contrast, the course
of a right whale adult during a bout of breaching is usually straighter

The adult thought to be the mother of the calf was within a few whale
lengths of the calf when the calf first began to breach. But toward the end
of the observation sequence, the calf was approximately 1 km from that
| ocation. At that point the calf stopped its aerial activity and rapidly, at
a speed of 22.7 kmh, headed back in the general direction of the adult.
Unfortunately the calf was lost to view because it stopped its aerial
activity, but the novenent toward the approximate adult position indicates
that the two may have been in acoustic contact at a distance of about 1 km

The right whale cal ves observed breaching in simlar series of bouts
were 1-4 months old (Thomas and Taber, in prep.). Calves 4-12 no old were
not observed in that study, so no conclusions can be drawn as to whether the
‘circular’ aspect of calf breaching is limted to an early age, or as to the
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age when a change from breaching in circular bouts to straight bouts m ght

occur. We suspect that breaching in ‘circles’ originally functions to
maintain proximty with the nmother and would probably not be seen after the

calf separates fromits nother.

Strai ghtness of Tracks

In the Herschel Island area, bowheads appeared to remain in the area for
significant periods; they were not migrating rapidly through the area in
either year. An index of mlling (neandering index) was devised in order to
cal cul ate how nuch of an aninal’s nmovenent was on a direct course, and how
much was spent wandering about the sane area. This index, which was simlar
to the ‘swinming score’ of Clark and Cark (1980), was calculated for each
particul ar whale by dividing the distance between the first and | ast known
positions (distance nmade good) during an observation session by the total
length of its track. Whal es traveling in a straight |ine would show an
i ndex approaching 1.0; whales mlling in an area would show an index

approaching 0.0.

In the present case, whales did meander, but also showed appreciable net
nmotion from6 to 11 Septenber 1980 (meandering index = 0.70, s.d. = 0.238,
n ~20). Because we have no conparable data on non-disturbed and nornally
surfacing whales in 1981, we also have no overall neandering index. The
nmeandering i ndex for the |one whale which travelled at the surface for over

1 h on 30 August 1981 was 0.63, a value just slightly below the nean from the
previous year. This whale travelled a rather straight course during the tine

it was transited at the surface. The meandering index for the presumed
female with calf nearby, observed on 8 Septenmber 1981, was 0.50. The highly
active calf (see above) showed a low neandering index (0.12) because it
reversed direction often and ended up only about 700 mfromwhere it first
began its activity.

Rel ationships to Ice

During 1980, whales were usually encountered in open water close to
shore, and we nade few excursions to the |oose ice which was generally >50 km
of fshore. In 1981, especially in late July and early August, bowheads were
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not found close to shore. W often flew far offshore to the edge of the pack

ice, and we often encountered bowheads just south of and in the ice.

In late July and early August 1981, we flew long di stances over open
water north of the Tuktoyaktuk Peninsula and Mackenzie Delta, and saw
virtually no bowheads except in a zone 0-20 km south of the southern edge of
the pan ice (see Davis et al. 1982 for distributional data). Most not ably,
on each of 4 and 5 August we found at |east 40 bowheads near 70°50' N,
135"10 W which was in this zone just south of the ice. At this tinme
bowheads were also present in the partially ice-covered area farther north.
Wthin the ice, the usual ice cover where whales were seen was 10% but on 12
August 1981 we encountered a whale in 55% i ce. This should not be taken as
indicative of the ice conditions preferred by bowheads, since we rarely flew
over the heavier ice. In md and late August 1981, bowheads noved farther
south and well away fromthe ice, and we rarely searched for themin

i ce-covered areas.

Most whal es encountered near pans of ice were quiescent at the surface.
Whal es that were noving anong ice pans usually did not go around the pans,
but instead dove underneath the ice. On several occasions we saw whales dive
bel ow a pan and then cone to the surface on the other side, wi thout an

apparent change in direction.

During the first and second week of September 1980, and during the
entire observation time in 1981, |oose pan ice occurred off Herschel Island.

At tinmes, over 50% of the area was covered by ice, and sone whales were
separated fromice by no nore than several netres.

Interspecific Interactions

A few species occurred in the sane general areas where we observed
bowheads: ringed seals (Phoca hispida), white whales (Delphinapterus leucas),

gulls and phalaropes--probably northern phalaropes (Lobipes lobatus).

Al though ringed seals and white whales were present in the sane general area
as bowheads, there was no obvious interaction. However, the seals may have

been feeding on sone of the sane organisns as the whales, or on other
organisms (e.g. , fish) that were feeding on the same species as the whales.
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It seens unlikely that the seals would feed on copepods, but Lowy et al.
(1978) found |arger zoopl ankton--euphausiids and amphipods—-in the stomachs
of both ringed seals and bowhead whales that had been taken in Al askan

wat ers.

FIl ocks of up to 50 phalaropes were often present near skimfeeding
bowheads. Oten the birds alighted on water that had been disturbed by the
whal es, sometimes only a few metres from the whal es. These birds probably
were feeding on some of the same plankton species that the bowheads were
eating. The whalers often used the presence of phalaropes as an indicator of
where ‘whale feed’ was present, and therefore, where whales were likely to be
found (J.R. Bockstoce, O d Dartnouth Historical Society, pers. comm.). W\
observed gulls near bowheads on three days in 1980, but not in 1981.

Comparisons with Oher Cetaceans

I nasmuch as our task was to assess normal behavior and (in other
sections of the report) disturbance, the observer problem-the effect of the
observer on the natural behavior he seeks to observe--was of particular
concern to us. Thus, our results mght have been affected by the presence of
the aircraft or boat used for naking observati ons. In the case of boats,
this was not a problem when the observation boat itself was used for the
disturbance trials. Wen used for observations of undisturbed behavior, the
boat had to be kept at a distance with the engine off. In the case of the
aircraft, the disturbance problem was nore serious than we expected.
Bowheads often reacted strongly to the aircraft whem it circled at 305 m
ASL.  We found that as long as we stayed at or above 610 mwe did not affect
the whales’ behavior noticeably but that at 457 mthere were at |east sone
subtle effects on surfacing and respiration patterns (see ‘Disturbance’
section, Fraker et al. 1982). Even if 457 mis taken as the. m ninum
usable altitude, this is three or nore times higher than the altitudes
suggested by others for studying undisturbed behavior of other whale species
(Herman and Antinoja 1977; WAtkins and Schevill 1979). Payne (unpubl.) has
found, in detailed studies of the closely related southern right whale, that
light aircraft at altitudes above 100 m do not appear to disturb any but a

very few individuals. Payne had an independent check on the effects of
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aerial observations because he was able to conpare his aerial data with

observations from shore.

Because whal es need to come to the surface to breathe, there are broad
simlarities in surfacing and diving characteristics for all species. During
most activities, whales respire several tinmes (usually about 4-10 tines)
bet ween | ong di ves. Most whal es subrerge for brief periods within the
sequence of respirations between the |ong dives. This is especially true
during directed nmovement such as migration. This basic pattern of surfacing-
dive-surfacing sonetinmes breaks down, especially in hunpback, gray, right,
and bowhead whales during periods of active socializing near the surface.
While the sleek rorquals (Balaenopterid whales) are in general pelagic,
feeding actively on schools of fish in deep water, the gray (Eschrichtid) and
ri ght (Balaenid) whal e types spend nuch tine nearshore, especially during the
mating/ cal ving season. These latter aninmals do not pursue their prey
actively, but instead feed on relatively stationary small prey in generally
shal low waters. Because of these basic sinilarities (and there are
nmor phol ogic simlarities paralleling the ecol ogical ones), we can expect to
find | ess behavioral variation between these species than between bowhead
whal es and rorquals. A review of the literature confirns these inpressions
(for exanple, Gunther [1949] on fin whales; WNotarbartolo di Sciara [in press]
on Bryde's whales; Herman and Antinoja [1977] on humpback whal es; Frazer
[1976], Watkins and Schevill [1979], Lockyer and Brown [1981] on conparisons

of many species).

The simlarities in behavior between bowhead whales and the closely
related right whales are especially noteworthy. Thus, Best (1981) descri bes
the fragnmentati on and amal gamati on of groups of South African right whales on
the breeding grounds in a sinmilar manner as we observed for bowhead whal es on
the feeding grounds. Personal observations by three of us (BW CWC, RSP) of
South American right whales show simlar variations in group structure to
those descri bed by Best. Unfortunately, too few data are available on
surfacing and respiration characteristics of right whales to allow a detailed
conparison of the two species. However, right whales spend |onger tines at
the surface when socializing than at other times, just as bowheads appear to
do.
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Feedi ng by bowhead and right whales appears to be quite simlar.

Wat ki ns and Schevill (1979) described right whales feeding on plankton
concentrations in the North Atlantic by skimmng with nouths open w de just

under the surface; they also believed that feeding occurred well below the
surface at times, as evidenced by acoustic data gathered on whal es diving
down to discrete patches of plankton (Watkins and Schevill 1972, 1976). Cur
observations of bowheads feeding near the surface are simlar, and there was
evi dence of an unusual abundance of copepods near the surface on one of these
occasions. W observed whales feeding near the surface in echelon formation,
a behavior also seen in southern right whal es (RSP, CWC, BW pers. ohs.)
al t hough not reported by Watkins and Schevill in northern right whal es.

We believe that bowheads, I|ike the right whales studied by Watkins and
Schevill, were feeding in the water colum during many of their dives.
However, we do not have direct proof that they did so. W also do not have
information about plankton concentration at the exact mid-water |ocations
wher e bowheads were presuned to feed. However, there was evidence that they
tended to occur in general areas with higher than average bionass of copepods

(Griffiths and. Buchanan 1982).

Best (1981) describes right whales trailing upwellings of bottom sedi-
ment in shallow water, much as we observed during 'mub*tracking-.-' ‘however,
we al so saw bowheads apparently feeding near the bottom as evidenced by
nmuddy water streaming fromtheir nouths, and we saw them bl owing underwater.
These two activities have not been described in right whales (but right
whal es have been little studied during the sunmer feeding period).

Some of the nost dramatic simlarities between bowhead and right whales
i nvol ved socializing at the surface, and possible precopulatory behavior.
Donnel Iy (1967, 1969), Payne (1972), Saayman and Tayler (1973), and Best
(1981) have all described behavior of southern right whales related to court-
ship. This activity is simlar to the few possible exanples of precopulatory
behavi or that we w tnessed. Best (1981) has recently linked the mating
behavior of the two species from his observations of southern right whales
and his interpretation of a bowhead mati ng sequence described by Everitt and
Krogman (1979). The social behavior that we observed--pushing ahd nudgi ng,
chases, apparent mating--1ooked simlar to, although was sel dom as boi sterous
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as, that seen in right whales. W conjecture that the difference in leve
(but not kind) of activity is mainly attributable to seasonal differences
al though both right and bowhead whales engage in social and feeding
activities during nuch of the year, they feed nost often in the summer and
per haps autumm, and probably mate and cal ve at other tines. Al though the
behavi oral conponents of precopulatory activity are sonetimes evident in
bowheads in sunmmer, this activity was neither as frequent nor as intense as
during the primary mating period, which includes spring migration (Everitt
and Krogman 1979; Carroll and Smthhisler 1980; Johnson et al. 1981;
Ljungblad 1981).

W also saw sinmilar aerial activity (breaching and tail and flipper
slapping) in right and bowhead whal es, though not as nmuch as anong right
whal es on their breeding grounds, where breaching can |ead to breaching by
others, and may serve as a conmmuni cation devi ce between whal es (Payne 1976).
These differences in quantity may again be related to the seasonal difference
in the observations of bowheads and right whal es. Gay whales in calving
| agoons of Baja California apparently breach by social influence (Norris et
al. in press). Humpback whal es in southeastern Al aska may do so as well, and
in contrast to bowhead whales, are quite aerially active while feeding
(Jurasz and Jurasz 1979).

Al'l of these observations require anplification in bowheads, but at
their present state they suggest a “strong and not unexpected simlarity to
the closely related right whale. This suggests that it nay prove possible,
as nmore data become available, to predict or extrapolate from the right whale
model to the behavior of bowheads, or vice versa. At any rate, the two can
be profitably conpared and contrast ed. This may be especially true in
assessing the sounds of the two species. Cark (1982a) has catal oged nmjor
sounds of right whales according to different behaviors. In the present
study we have found sinilarities and sone mnor differences between bowhead
sounds and those of right whales. W have also found evidence of
simlarities in the contexts of sone anal ogous call types by bowheads and
ri ght whal es. More information about the significance of each call type to
t he bowhead i s needed before meani ngful conclusions can be drawn, but this

approach should ultimately provide a basis for assessing the effects of
maski ng of acoustic communication.
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Present Results and the Al askan Lease Area

The degree of simlarity between bowhead behavior in the Canadi an
Beaufort Sea in summer and in the Al askan |ease areas during spring and fall
mgration is not well known, but there is now sufficient evidence to allow a
prelimnary conparison. During the present study bowheads appeared to spend
much of their time feeding, but also travelled frequently and for consider-
abl e distances. Bowheads often loiter for considerable periods in the
Al askan Beaufort Sea during autum, and at |east sone feeding occurs in
autumm just west of the Al aska-Yukon border (Ljungblad et al. 1980b; Lowy
and Burns 1980; Ljungblad 1981). Feeding apparently also occurs just east of
Point Barrow and of f the Soviet coast in autum (Braham et al. 1977; Lowy et
al. 1978; Johnson et al. 1981). Nonet hel ess, it is probable that the whales
are feeding less during the autum mgration than when they are sumrering in
the eastern Beaufort Sea, -and it is known that they rarely feed during the
spring migration around northwestern Al aska. Al t hough social and sexual
activities are probably nmost frequent earlier in the year before the animals
arrive in the Beaufort Sea, we did see much socializing and sone evidence for
mati ng behavi or during the summer. Al'so, call types in spring and sunmer
have been shown to be the sane. Thus it appears that the relative
rates of various behaviors differ among spring, sumer and autumm, but that

behavior is qualitatively similar, at least in sumrer and autumm.

Qur observations of bowheads on their summering grounds in the eastern
Beaufort Sea showed many simlarities of behavior to southern right whales on
their wintering grounds (when little feeding but nuch socializing, mating,
and cal ving takes place). This may al so shed some |ight on the question of
applicability of our research to the A askan |ease areas. If we find such
dramatic simlarities in behavior between different species in different
hem spheres during different seasons, it seens likely that we should find at
least as many simlarities between seasons within the sane species.

Based on these prelimnary conpari sons and anal ogi es, we believe that
bowhead behavior is likely simlar in summer (when we have studied it) and in
autum (when bowheads pass through the Al askan Beaufort |ease areas). There

may be less simlarity between spring and sumrer because of the greater
rapidity of the spring migration, the lack of feeding, and the presence of
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ice. To resolve this question, at least a limted program of behavioral
observations should be conducted in Al askan waters in spring and autumm using
techni ques conparable to those used here. Preliminary observations of this
type were obtained in the Alaskan Beaufort Sea in Septenber-Cctober 1981, and
results will soon be forthcom ng (LGL in prep.).
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ABSTRACT

Studi es of the behavioral responses of bowhead whales to activities
associated with offshore oi1 and gas exploration and devel opment were
conducted in the eastern (Canadian) Beaufort Sea during the summers of 1980
and 1981. Both experimental and observational approaches were used. Noi se
is believed to be the by-product of normal industrial operations that may
be nost likely to affect whales significantly. Hence, we recorded and
anal yzed the underwater sounds from several vessels, aircraft, seismc
exploration, and dredging and drillship operati ons. Most of the energy
contained in sounds from the above sources wasbelow 2000 Hz, as is npbst
energy in sounds made by bowheads (see conpanion reports on ‘lIndustrial
Noi se’ by G eene 1982 and on ‘Normal Behavior’ by Wirsig et al. 1982).

Bowheads responded to boats in two nmain ways. (1) When boats were
near by, bowheads altered their surfacing and diving pattern by decreasing the
mean time at the surface per surfacing, the mean nunber of blows per
surfacing, and the nmean dive duration. Mean surface tinmes and bl ows/
surfacing were reduced even in response to a stationary 16 m boat with its
engines idling at a range of 3-4 km (2) Wen boats closed to within 1-3 km
the whales, in addition to the above responses, swamrapidly away fromthe
boat and scattered. Whal es directly on the boat’s track initially tried to
outrun it, but usually turned to nove off the track as the boat closed to
within a few hundred netres. None of the boat disturbances that we observed
resulted in the whales’ leaving an area; however, the effects of nore

frequent boat disturbance are unknown.

Bowheads typically dove in response to our |slander observation
aircraft when it circled above the whales at <305 m above sea |evel (AsL).
They occasionally dove in response to the aircraft when we circled at 457 m.
Considering all data collected in 1980-81, mean surface times were slightly

reduced when the aircraft circled at 457 mrelative to those when it circled
at 610 m but there was no evidence of an effect on respiration or dive

characteristics. On two days when a group of whales was circled at 610 m and
then at 457 and/or 305 m there were clear effects on respiration when the

aircraft descended. In general, reactions to a circling aircraft were



Di sturbance 149

conspicuous if it was at 305 m mnor at 457 m and absent or undetectable at
610 m

Underwat er noise froma Bell 212 helicopter was stronger than that from
the |slander. Thus, reactions of bowheads to such a helicopter would
probably be stronger than those to the Islander. However, during straight-
line passes at 152-610 m ASL over a hydrophore, helicopter sound was
detectable for only 16-27 s,

Noi se from seismic exploration is by far the nost intense noise in the
Beaufort Sea, although it is not continuous. In 1980 and 1981 we saw
bowheads as close as 13 and 6-8 km respectively, froma seismc ship that
was firing 12 |arge sl eeve expl oders. Seismc signal levels at those ranges
were 141 and 150 dB//1 pPa. Surfacing and respiration behavior at 13 and 8
kmfromthe seismc ship was simlar to that at correspondi ng water depths in
t he absence of seismc noise. I ndustry personnel reported sightings of
bowheads 2-7 km from a seismc ship that uses airguns. Sonobuoys showed that
bowheads often continued to call in the presence of seismc noise

During a controlled experiment with one 40 in3 (655 cnB) airgun 5 km from
bowheads engaged .in echelon-feeding, we found significantly reduced surface
tinmes, blows/surfacing and calling rate, and possibly reduced dive times and
echel on si zes. The airgun was fired every 10 s for 20 rein, and near the
whal es the signal level fromthe airgun was at |east 123 dB//1 uPa. No
unambi guous behavioral effects were denonstrated during a second airgun
experiment 3 km from whales, and there was circunstantial evidence of
habi tuation to seismic noise. If bowheads react to the onset of noise from
one airgun 5 km away, as our results suggest, they can be expected to react
to the onset of full-scale seisnic operations 20 km away in our shallow study
area, and possibly farther away in a deeper area where sound propagation is

better.

In 1980, bowheads frequently were seen <5 km from an artificial island
that was under construction by a dredge; LG personnel saw bowheads as cl ose
as 800 mfromthe operation, and industry personnel reported that one bowhead
cane as close as 16 mfrom a barge near the dredge. Sounds from the dredge
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were well above anbient levels, and alnmpbst certainly audible to bowheads, out

to at least 7.4 km

We saw bowheads as close as 4 km from a drillship, and industry personnel
reported closer sightings. The strongest tonal sound from the drillship (278
Hz) was about 111 dB//1 wPa at 4 km from the ship. It is uncertain whether
behavi or was affected by the presence of the drillship. Respiration and
di ving behavior 4 km fromthe drillship differed fromthat in the absence of
the drillship, but also differed from behavior with boat or airgun

di st ur bance.
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| NTRODUCTI ON
Concern about possible adverse effects of offshore oil and gas devel op-

ment activities on cetaceans has increased greatly in recent years,

Uncertainty about the effects on the bowhead whale, Balaena mysticetus,

officially an endangered species, 1is a major concern with respect to the
exi sting and proposed | ease areas in the Al askan Beaufort Sea. This concern
probably will be raised again as other offshore areas in the Chukchi and
Bering Seas are offered for |ease.

Marine mamual s (including bowheads) use sound to conmunicate and to
receive information about their environment. In contrast to light, sound
travels very efficiently in water, day or night, wnter or sumer, and
regardless of the water's clarity. The intense, |owfrequency sounds
produced by bal een whal es, including bowheads, are transmitted considerable
distances in deep water (Payne and Webb 1971). The very advantages of
underwat er sound that have been so useful to marine mammals give rise to
potential problens related to underwater industrial sounds (Acoustical
Society of Anerica 1981). Many industrial sounds are also intense and of |ow
frequency, and consequently are transmtted efficiently over relatively |ong
di st ances. Thus , the acoustical effects of industrial operations may be
mani f ested considerable distances from their sources, and this greatly
expands the area affected. Possi ble ways in which underwater industrial
sounds could affect whales include inducenent of behavioral responses or
stress, and the masking of inportant comunication, echolocation and/or

envi ronnental sounds.

In addition to underwater sound, it is possible that the physical
presence of various sorts of structures mght be detected, visually or by
touch, or that various effluents that are discharged into the water mght be
sensed by the whales. Although it is generally agreed that underwater sound
has the greatest potential zone of influence on whales, other stimuli from

of fshore oil and gas activities may also have sone effect,

This project, as a whole, was designed to gather data that will inprove
t he general understanding of the behavior and ecology of the bowhead whal e,
and its responses to offshore industrial activities (see ‘'Project Rationale,



Di sturbance 152

Design and Summary’ section, Richardson and Fraker 1982). The enphasis in
this conponent was on the behavioral effects of waterborne sound per se, and
on the effects of vessels and machinery that produce waterborne sounds (e.g.,

boats, aircraft and dredges). In the latter cases, responses to sound are
likely to be a major part of the overall response, but response to ‘physical
presence’ usually cannot be ruled out. This section is based on systematic

experiments designed to test the behavioral responses of bowheads to various
sources of potential disturbance, and on observations of the presence and

behavi or of bowheads near vessels and ongoing offshore industrial

activities. Measurenment of the characteristics of industrial noise was an
integral part of the work; the follow ng section on ‘Industrial Noise’
(Geene 1982) describes those results. The preceding section, ‘Nornl

Behavior’ (wiirsig et al. 1982), describes conplenentary studies of the
undi st urbed behavior of the bowhead, and a later section, ‘Feeding Areas’
(6Griffiths and Buchanan 1982), describes characteristics of bowhead feeding

areas in the eastern Beaufort Sea.

For reasons described in the ‘Project Rationale, Design and Summary’
section, the work on all conmponents of the study was conducted in the eastern
(Canadi an) part of the Beaufort Sea. The present report is an integrated
account of results obtained in 1980 and 1981, and supersedes our prelimnary

account of the 1980 work (Fraker et al. 1981).

O fshore Exploratory Activities in the Eastern Beaufort Sea

Qur studies in both 1980 and 1981 were based at Tuktoyaktuk, Nort hwest
Territories--the base of operations for offshore oil and gas exploration in
the eastern Beaufort Sea (Fig. 1). These operations provide opportunities to
observe the reactions of bowheads to full-scale offshore exploration. The
main offshore operators are Dome Petroleum Ltd. and Esso Resources Canada

Ltd.

During the 1980 and 1981 study periods Done, through its subsidiary
Canmar, operated four drillships and a fleet of supply and auxiliary
vessel s. Hel i copters frequently travelled between Tuktoyaktuk and the
drillships. The drillships usually drill in water 20 to 100 min depth.
Three or four drillships have been used during the summer and autumm of each
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year since 1976. In addition, Dome began to drill fromits first artificia

island late in 1981, after our field season ended

Esso's of fshore activities center around the construction of man-nmade

i slands which are used as platforms for exploration drilling. Most i sl ands
have been built during the open-water period, although some were built during
W nter. Initially the islands were built in shallow (I1-9 n) water, but

during 1977-81 islands were constructed in water 13-19 m deep. Most of the
material for the latter islands was dredged from around the island sites
by the suction dredge ‘Beaver Mackenzie'. In 1980, an island at |ssungnak
(19 m depth) was conpleted and another at Alerk (13 m depth) was begun. In
1981, Alerk was conpl eted and another island, Itiyok, was begun, In addition
to the dredge, the operation typically included four tugs, two crew boats,
various barges, and a barge canp. No drilling fromartificial islands took

place during either of our field seasons

In addition to drilling operations, ship-based underwater seismc
exploration took place in the eastern Beaufeort Sea during the open water
season. Dome used an 'airgun' array; each airgun releases a charge of
conpressed air as the energy source (Barger and Hamblen 1980). In 1980 and
1981, Esso used a set of 12 ‘sleeve exploders’ , which are very strong rubber
cylinders into which a ‘charge of propane and oxygen is injected and ignited
by an electric spark. The rapid conmbustion produces the required energy

pulse, and the exhaust gases are vented to the surface through a hose.
Seismi c exploration produces very intense pul ses of waterborne noise (G eene

1982) .

Addi tional information about ongoing and planned offshore exploration
and devel opnent in the Canadi an and Al askan Beaufort Sea, enphasizing aspects
relevant to potential inpacts on bowhead whal es, appears in Fraker and

Ri chardson (1980).

Revi ew of Previously Existing Know edge

The literature on possible effects of offshore marine operations on
whal es is extrenely limted. This is a result of the difficulties inherent
in studyi ng whale behavior and, until recently, the al npst conplete |ack of
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perception of any potential for adverse effects from marine industrial opera-
tions (except, perhaps, a major oil spill or the tropical tuna fishery with
its incidental kill of porpoises). As nentioned above, it is generally
agreed that underwater sound is the by-product of normal narine operations
that holds the greatest potential for affecting whales.

Most situations in which whales may have been disturbed have not been
studied in sufficient detail to show whether or how the whal es have been
affected. The follow ng subsections, largely abbreviated from Fraker and
Ri chardson (1980), summarize the available infornmation.

Effects of Marine Traffic

To date, marine traffic is the main type of offshore industrial activity
that has been inplicated in causing disturbance to cetaceans. The known or
suspected types of proximate effects can be classified into five categories:
(1) fright/flight responses, (2) sonar-reflecting barriers, (3) territorial
intrusion, (4) masking of inportant sounds, and (5) general disturbance
(without any of the above effects).

Fright/flight responses have been reported on several occasions for
white whal es (Del phinapterus leucas) in the Mackenzie estuary, for porpoises

(Stenella spp.) in the tropical Pacific, for dol phins (Tursiops truncatus)

off Florida, and for sperm whales (Physeter macrocephalus), fin whales

(Balaenoptera physalus) and hunpback whal es (Megaptera novaeangliae). In

each of these cases, the animals appeared to be responding to waterborne
sound from vessels.

Norris et al. (1978) studied the behavior of porpoises in relation to
tuna fishing operations. When the seiner approached to within 5-7 km the
porpoi ses responded by noving closer to each other (i.e. the school
‘“tightened’ ) and by moving away from the seiner; when the seiner stopped, the
por poi ses stopped and spread out once nore, At a distance of 5-7 kmthe
seiner probably was not visible to the porpoises and the response nust have
resulted from underwater sound fromthe seiner. It is presumed that the
por poi ses had previously encountered tuna seining operations and associ at ed
the sound of a seiner with an unpleasant experience (W.E. Stuntz, U.S. Nat.
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Marine Fisheries Service, pers. comm.). Irvine et al. (1981) found that
bottlenose dol phins not previously captured did not attenpt to avoid the
7. 3-m tagging/observation boat, but once captured and released they

subsequently began fleeing 400 mor nore ahead of the boat.

In the shallow water (usually <2 m) of the Mackenzie River estuary in
the Beaufort Sea, white whales gather in large nunbers during sunmer.  Fraker

(1977a, b, 1978) and Fraker et al. (1978) have reported instances in which

white whal es responded to boat traffic at distances up to 2.4 km In one
instance, a barge tow passed through a |large concentration of whales,
splitting it into two (Fraker 1977a). Wthout exception, the whales

responded by noving away from the barge track at distances up to 2.4 km from
the. barge tow. The group renmained split for at least 3 h, but rejoined
within 30 h when the next survey was possible.

Conpl ementary underwater sound source neasurements and propagation
studi es indicated that white whal es probably coul d perceive the sounds from
tugs at ranges up to 2.5-3.0 km (Ford 1977). The wat erborne noi se emanat ed
fromthe tug with source levels of up to 164 dB re 1 pPa at 1 m  Anbient
underwat er noi se under calmconditions in the Mackenzie estuary neasured 50
to 60 dB re 1 umPa. Measurenents of sound propagation and attenuation showed
that tugboat sounds declined to quiet ambient levels at 4.0 to 6.0 km
dependi ng on the water depth. (The shall ow water and soft sedinent bottom
resulted in rapid attenuation of sound.) Mst of the sound energy produced
by the tugs was at frequencies bel ow 2000 Hz.

Di sturbance necessarily attends whal e tagging operations. As noted
above, Irvine et al. (1981) found that Tursiops became sensitized to noise
froma boat used in previous capture attenpts. Ray et al. (1978) recorded
t he breathing behavior of fin whales before, during, and at some time after a
chase and tagging operation. The effect of the disturbance during and after
tagging on the breathing pattern was to reduce the tine at the surface for
each surfacing, the nunber of breaths per surfacing, and the ‘down tinge’
bet ween surfaci ngs. Watkins (1981) and Watkins et al. (1981) mention that
fin whales attenpted to evade an approaching boat, but ignored boats from
whi ch observations were being nade as long as the boats renmained >100 m
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away, Watkins et al. also nmention that feeding by hunpback whales (and
por poi ses) was not disrupted by passage of a large oil tanker within 800 m

Similarly, Bogoslovskaya et al. (1981) report that if a vessel is 350-
550 m from gray whal es (Eschrichtius robustus), ‘they nove off but stay in

the sane area; . . when being pursued animals cease feeding and try to |eave
the area
Whal es do not al ways avoi d boats. Among bal een whal es, m nke whal es

(Balaenoptera acutorostrata) seem particularly attracted to boats (Wnn and
Perkins 1976). Dahlheim et al. (1981) report that some gray whales in
calving lagoons in Baja California are attracted by sounds from outboard

not or s. These whales '..actively seek out the sound source and physically
contact slow (2-4 kts) noving small vessels (inflatable Avons, Zodiacs,

wooden and al umi num skiffs). Engi nes kept in idle (running but out of gear)

mai nt ai ned these whales in close proxinmity for periods up to 3 hours. ..This
"ecurious" behavior is prevalent only in areas where whales are repeatedly
exposed to snall vessel activity’ . Dol phins commonly approach boats and swim
in their bow waves, and Brodie (1981) nmentions several situations in which
bal een whales feed in close proximty to boats

The creation of sonar-reflecting barriers is the second category of
proxi mate effects of marine traffic. Stuntz et al. (1977) and Norris et al.
(1978) have reported that porpoises fail to cross the wakes of boats involved
in the tuna fishery. In fact, part of the strategy to herd the porpoises
(and, therefore, tuna) is to maintain a ‘barrier’ of bubbles fromthe boat
wakes. Norris et al. suspected that echolocation was the main sense invol ved
in the detection of the boat wakes. Simlarly, Fraker (1977a) noticed that
white whales failed to cross a relatively heavily used barge route in the
Mackenzi e estuary, and he (1977b) suggested that this apparent interruption
in the novenment of whales may have been due to the persistence of suspended
air microbubbles, even when barges were not nearby. If this effect is based
on echolocation, it probably would not be nanifested in bowheads or other
bal een whal es, Current information on the vocalizations of bowhead whales
(Ljungblad and Thonpson 1979; Ljungblad et al. 1982) and baleen whales in
general (Thonmpson et al. 1979) does not indicate the presence of any

echolocation ability.
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Territorial intrusion effects have been suggested by Jurasz and Jurasz
(1979) as the nechani sm by whi ch hunpback whales in the Qacier Bay region of
SE Al aska have been affected by vessel traffic. Jurasz and Jurasz believe
that the whales defend feeding territories from other whales. Var i ous
behaviors, such as underwater exhalation, [lob-tailing and breaching, may
serve as territorial displays. Jurasz and Jurasz believe that vocalization
is the weakest form of threat display and that breaching is the strongest,
with the others being internediate. [f, through displays, an intruder
establ i shes his dom nance over the defender, the defender will avoid the
intruder and eventually may abandon the territory. Jurasz and Jurasz suspect
that the whal es perceive boats as other ‘dom nant’ whales, and concl ude that
t he hunpbacks of G acier Bay are so frequently confronted by dom nant
‘whales’ (i.e. boats) that they now leave the area earlier in the season than
t hey otherwi se woul d. This interpretation is controversial (MMC 1979), and

additional work on this problemis in progress.

Intense underwater industrial sounds have the capability of masking

sounds that are inportant to whales (Mghl 1981; Terhune 1981). | mpor t ant
sounds would be mainly of three types: (1) conmunication sounds, (2)
echolocation sounds (in toothed whales), and (3) environmental sounds that
are useful to the whales. Loud , high-frequency sounds (not likely to be

produced by nost industrial sources) could interfere with the echolocation
ability of toothed whales; this has been experinentally denonstrated by

Penner and Kadane (1979).

itis al so possible that industrial operations mght result in general
di sturbance that could seriously disrupt inportant activities and/or cause
abandonnent of inportant habitats w thout producing any of the other effects

nmentioned above. For exanple, Herman et al. (1980) have suggested that hunp-
back whales in Hawaii now avoid areas that were formerly used but that now

have considerable marine activity. General disturbances nmight not frighten
whal es in any overt way or nmask their communication signals, but night none-

thel ess adversely affect their nornmal use of inportant habitat.
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Effects of Aircraft

Previous information on reactions of whales to aircraft is very
limted. Bowheads on the Beaufort Sea sumering ground did not appear to
react to a survey aircraft (Twin Qter) flown at 305 m above sea | evel
(ASL), but whales that were being circled and photographed responded in all
cases by diving (M Fraker, unpubl. data). During surveys in the Canadian
eastern arctic (Davis and Koski 1980), bowheads overflown by a Twin Qter at
90 m al nost al ways dove, whereas those overflown at 150 musually did not
dive during the first pass (W.R. Koski, LG Ltd., pers. comm. ); eastern
arctic bowheads overflown or circled at 305 moften showed little or no
di scerni bl e response, but systenatic data are not available. Eastern arctic
bowheads appeared less likely to dive when in pack ice or on sunmering
grounds than when actively mgrating, but again no systematic results are

avail abl e.

In the Mackenzie estuary, aerial surveys of white whales conducted at
305 mASL in a Cessna 185, a single-engine piston powered aircraft, appeared
to result only in very occasional cases in which an animal rolled over in the
water, apparently to follow the aircraft visually. However, circling at the
same altitude, or surveys repeatedly flown over the same survey lines in a
brief period of tine (e.g., at intervals of approximately 0.5 h), resulted in
an obvious response (LG. unpubl. data). In the case of repeated flights
along the same flight lines, white whales apparently became nore sensitive
and began to swmaway fromthe flight track. Animals being circled (at 305
n appear to try to escape the area being surveyed, but the direction of
movenent is not predictable. \Wen circling is necessary in order to observe
the behavior of white whales undisturbed by the aircraft, we have used an
altitude of 457 m

In contrast, Watkins and Schevill (1979) report good success in
observing the behavior of right whales and other baleen whales from |ight,
singl e-engine aircraft off the Massachusetts coast. They were able to study
the whal es’ feeding behavior at altitudes as |ow as 50 m under reduced power
settings (which reduce the engine noise). Sinmilarly, Baker and Herman (1981)
flew at 152 min |ight single-engine aircraft during surveys of hunpback
whal es, and circled them (apparently at 152 m) to observe behavior.
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Ef fects of Stationary Marine Industrial Activities

In general, stationary marine industrial activities appear to have a
smal l er effect on whales than do noving vessels. In several instances in the
Mackenzi e estuary, white whal es were observed noving past a stationary dredg-
ing operation at ranges as close as 400 m (Fraker 1977a, b). However, in one
case, as soon as a barge tow began to nove toward the whal es, they inmed-
iately moved away fromthe barge track. I ndustry personnel also reported
that white whales closely approached the stationary dredge and barge canp.
The waterborne sounds from the dredging operation were generally simlar to
those produced by boat traffic (Ford 1977). Peak source pressure |levels were
estimated to be 164 dB re 1 pPa at 1 m and nost of the energy was bel ow 2500
Hz. The attenuation of these sounds with increasing distance was rapid and

simlar to that of the boat sounds

During their twce-yearly migration, the entire population of California
gray whales is exposed to considerable marine activity as they nove al ong the
west coast of North Anerica. However, gray whal es have apparently been
di spl aced by industrial operations and shipping fromcertain calving |agoons
(Reeves 1977) and it has been reported that gray whal es may now mgrate
farther offshore than they did in the recent past (R ce 1965; Wolfson 1977).
Gay whales have been exposed over nore than a century to gradually
increasing levels of sound from various marine activities. Despite this, the
popul ation size has increased and is now believed to be simlar to the |evel
before commercial whaling. It is not known whether the gradual nature of
this increase in levels of disturbance has facilitated adjustment by the gray

whal es

Qbservers on support ships stationed ‘at or near’ three drillships
drilling in Davis Strait off the west coast of Geenland in the sumer of
1977 saw totals of 59, 20, and 181 bal een whales in 83, 65, and 60 days,
respectively (Kapel 1979). Most of these whales were fin, mnke, and
humpback whal es, but one bowhead was identified. Unfortunately, the

observation procedures, proximty of the whales to the drillships, and
behavi or of the whales were not reported.
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Long-Term Effects

The ultimate effects of disturbance may be the abandonnent of a parti-
cular area, and possibly reduced productivity and population size. There are
a few known instances in which abandonnent of a disturbed area nmay have
occurred, and one in which this alnpbst certainly did occur. The conpar a-
tively well-documented instance occurred in Black Warrior Lagoon, Baja
Cal i fornia. Following an increase in shipping and other activity at salt
works in the lagoon, the nunber of gray whales declined sharply. After
operations ceased, the nunmber of whales using the |agoon increased (Norris
and Reeves 1977; Reeves 1977).

There are other |ess well-docunmented situations in which whales may have
been displaced from certain areas by human activities, usually related to

marine traffic. Spi nner dol phins (Stenella longirostris) may have been
displaced from a bay in Hawaii by marine construction activities
(Shallenberger 1977). Hunpback whal es may have abandoned certain Hawaiian

wat ers because of heavy interference by human activities, but the evidence is
weak (Norris and Reeves 1977; Herman 1979; Hernan et al. 1980). N shiwaki
and Sasao (1977) report what they believed was a displacenent of Baird's
beaked whal es (Berardius bairdii) and m nke whal es from areas of heavy marine

traffic off Japan. However, they base their conclusions on data from
different types and nunbers of vessels fishing for different periods of
time, and there was little evidence of decline in catch per unit effort.

Because so nmany variables changed during the period when their data were
gathered, it is inpossible to interpret their data

Appr oach

The four main conponents of the planned disturbance research were
studies of the reactions of bowheads to (1) close approach by boats, (2)
overflights by aircraft, (3) underwater seismic exploration activities, and
(4) other industrial activities (e.g., dredging and drilling), Field work
during both years was conducted in the eastern Beaufort Sea--a part of the
Arctic Ccean--in August and the first half of Septenber. Bowheads are nore
easily studied in those circunstances than at nost other tines, but even then
the logistical difficulties are considerable. Most observations of bowhead
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behavi or were made from an aircraft circling above the whales, often far
of fshore, but sone were nade by shore-based observers at Herschel |sland,
Y.T., and others from boats that we were using as disturbing objects or for

ot her purposes.

Reactions to boats were exam ned experinentally by observing the behavior

of bowheads before, during and after close approach by boats. These data
were coll ected by observers in an aircraft circling high above the whal es and
by observers on the disturbing boat itself. Addi tional information was

col l ected when aerial observers encountered bowheads near boats that were not

under our control.

Reactions to aircraft were examned opportunistically during our
conpl ementary study of the normal behavior of bowheads (see ‘Normal Behavior’
section, Wirsig et al. 1982) . In addition, we carried out two brief
experinments consisting of a period of observation at an altitude of 610 m
foll owed by periods at 457 mand/or 305 m and we conpared behavioral data

collected fromthe aircraft and from shore.

Reactions to waterborne noise were to be studied by underwater playback
techni ques from shore or from a boat as opportunities allowed. In 1980,
there were no opportunities, and in 1981 we used the limted nunber of
opportunities to test the response of bowheads to an airgun depl oyed from our
boat . (Arrays of airguns are one of the energy sources used in seismc
exploration. ) However, considerable information was obtained about the
presence and behavior of bowheads near noisy industrial operations--seismc
exploration, artificial island construction, drillships, and supply boats.
The observations of whal es near ongoing, full-scale industrial operations had
the advantage of realism (in terms of both nmagnitude and duration), which we
coul d not achieve otherwise, but interpretation is hindered by the |ack of
experimental control, including the lack of pre- and post-disturbance
observations. For this reason, playbacks and related experimental work are a

top priority for any future studies.

To assist in the interpretation Of our observations on the presence and

behavi or of bowheads near boats, aircraft and various industrial operations,
we recorded and anal yzed the waterborne sounds from such sources. \Wenever
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possi bl e, such sounds were recorded near whales that were close to a source
of potential disturbance. Thus we obtained information about the sounds
bei ng recei ved by sonme of the whales that were observed. Qur anal yses of
i ndustrial sounds were conducted primarily because site-specific information
was needed to interpret our data on disturbance responses. These sounds are
described and analyzed in the ‘Industrial Noise section (Geene 1982).

METHODS

Situations when whal es were observed near various sources of potential
di sturbance differed, and the exact procedure for recording these observa-
tions varied correspondingly.

Aerial Observation Procedures

W made aerial observations froma Britten-Norman |slander (BN 2A-21
nodel) , based at Tuktoyaktuk. The Islander has two piston engines (Lycoming
10-540 series), a high-wing configuration (affording good visibility), and a
low stall speed (affording good nmaneuverability). The di nensions of the
I sl ander are wingspan 16 m length 11 m and gross wei ght about 3000 kg. The
I sl ander that we used was equi pped with a forward-1ooking radar that was used
to measure distances to objects, a radar altineter, and a VLF/ Onega
navi gation system for accurate position-finding in the absence of |andmarks.
Sonobuoys coul d be depl oyed and nonitored fromthe aircraft in order to
record waterborne sounds.

Most observations were fromaltitudes of 457 or 610 m This was high
enough to avoid disturbing the whales significantly and to offer a good
vantage point, and | ow enough to enable us to see clearly the behaviors of
the animals. The usual procedure was to circle above the whal es and observe
certain behaviors. These included orientations with respect to true north
(in the absence of disturbance) or with respect to the disturbance source
(e.g. boat) when it was near the whales. The length of time at the surface,
nunber of blows (respirations) per surfacing, intervals between bl ows,
inter-animal distances, and relative speed of novenment were al so recorded.
Orientations, inter-animal distances, interactions, and general activities
were recorded at approximately I|-rein intervals . When distinctively nmarked
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animals were seen, it was often possible torecord durations of dives as

wel |,

The aircraft crew consisted of a pilot and three or four observers. One
observer (in the co-pilot’s seat) used binoculars to follow closely the
behavior of up to three or four ‘focal’ animals, while a second observer in
the second seat on the right recorded behaviors on a broader scale. The
observer who used binoculars had the best opportunity to record respirations
and details of individual behavior. The ot her observer was better able to
record relative posi tions and  distances, orientations and soci al
interactions. One or two additional observers in rear seats were responsible
for deployment of sonobuoys, operation of audio recorders, videotaping of
whal e behavior, record keeping, operation of the radar (to neasure distances
to boats, islands, etc.), and supplementary visual observations. [t was not
possi bl e to conduct disturbance experinments in a ‘blind” or ‘double blind
manner . Observers in the aircraft had to direct the operation of the boat
and of the pilot. In any case, changes in aircraft altitude and (in nost

cases) activities of the boat were visually apparent to observers in the

aircraft.

Whal e behavi or was videotaped intermttently in 1980 (when there usually
were only three observers) and nore regularly in 1981 (when there usually

were four) . A handheld color video canera (JVC-CV-0001) and portable video-
cassette recorder (Sony SLO-340) were used; the canmera was directed through
the side windows to record oblique views of bowheads. Vi deot apes were

exam ned to corroborate and supplenment the dictated description of whale

behavi or.

Boat Di sturbance Experinents and Cbservations

Experinents with the ‘Inperial Adgo'

During a four-day period in August 1980, we had an observer on a 16.1 m
crew boat, the ‘Inperial Adgo'. On 27 August 1980, we were able to use the
boat for experinental disturbance trials involving a group of four whal es off
the Tuktoyaktuk Peninsula. During this period, aircraft-based observers who
were in radio contact with persons on the boat directed boat naneuvers. A
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series of observations of whale behavior was made before, during, and after
di sturbance. A sonobuoy (AN/SSQ-41B) was depl oyed near the whales to nonitor
the boat noise to which they were exposed.

The ‘lInperial Adgo’ is a 16.1 mcrew boat with twin General Mtors
di esel engines. These 8-cylinder engines are run at 2100 rpm for full speed,
which is 22 kt (41 kmh). There is a 2:1 reduction gear box, and each
propel ler has three bl ades.

During systematic boat disturbance experinments and also at other tines
when bowheads were encountered by the 'Adgo', the LG biologist on the boat
esti mat ed boat-whal e di stances and orientations of the whales visually.
These two variables were recorded at each surfacing; it was not possible to
follow individual whales from one surfacing to the next. The orientations of
the whales in relation to the boat were recorded in the follow ng way: A
whale oriented directly away fromthe boat was said to be facing 12 o’ cl ock;
a whale oriented directly toward the boat was facing 6 o'clock; a whale
oriented tangentially was facing 3 o' clock (if headed right) er 9 o'clock (if
headed left); and so on (Fig. 2). In sone anal yses, whales oriented from 10
through 2 o' clock were considered to be facing away from the boat, those
oriented from4 through 8 o' clock were facing toward the boat, and those
oriented toward 9 or 3 o'clock were ‘neutral’ . \ere statistical tests were
required, ‘expected’ values were weighted according to the proportion of a
clock face represented in each category.

Opportunistic Qbservations of Reactions to Boats

On 19 August 1980, the reactions of a group of about 15 bowheads to a
smal | ship, the 'Canmar Supplier 1V, were observed fromthe aircraft. The
ai rborne observers noticed that the ship was approaching the whales, and
recorded whal e orientations and behavior as the vessel approached from about
5 km away, passed through the group of whales, and then departed. The
“Supplier IV is a 65 m 1270 long ton vessel with two main engines totalling
7200 shp; normal running speed is 26 knih.

Simlarly, on 23 August 1981, while we were observing whal es near the
drillship ‘Explorer 11’, we noticed that the seisnmic exploration vessel
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FIGURE 2. Exanples of orientations of whales with respect to the boat.
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“Arctic Surveyor’ was passing through another group of whales. W diverted
briefly (20:29 to 20:40 MDT) to observe the behavior of these whales. The
vessel was traveling and was not ‘shooting’ seisnmic inpulses at this tine.

On 25 August 1981, we obtained information about the increnmental effect
of close approach by a boat when seismc noise was already present in the

wat er . After observing the behavior of bowheads about 6-8 km fromthe
“Arctic Surveyor’, we directed our chartered boat, the ‘Sequel’, to pass
close to the whal es. “Sequel” is a 12.5 mforner fishing boat with one 115

hp di esel engine (GM 471) and cruising speed 14 kni h. Bowhead behavi or was
observed from the aircraft before, during and after the approach by
“Sequel .  Seismic noise was present in the water throughout this period.

Aircraft Disturbance Experinents and Qbservations

In 1980, observations of disturbance of bowheads by aircraft were
limted to those obtained during aerial studies of normal behavior. During
these studies, we believe that our Islander aircraft (described above)
soneti nmes di sturbed whal es. VWhen apparent disturbance took place, we
recorded the circunstances and behavi or of the whal es. In particular, we
noted whether the whales dove imediately after the aircraft arrived
over head. Simlar observations were made in 1981.

Al t hough nost observations were from a height of 457 m (1500 ft), sone
were fromlower altitudes when the cloud ceiling was low, and others were
from higher altitudes--usually 610 m(2000 ft)--when whal es seenmed especially
sensitive to the aircraft. We have summari zed the dive, surfacing and
respiration characteristics that were recorded while the aircraft was at
different altitudes. In addition, on two occasions in Septenber 1981, we
made aninitial series of observations of agroup from 610 m and then
descended to 457 m and/or 305 m for additional observations. Dive, surfacing
and respiration characteristics during the periods athe various altitudes
were conpared.

On 3 Septenber 1981, whal es near Herschel Island, Y.T., were observed
simul taneously fromthe Islander aircraft and from acliff-top observation
post onthe island. (wirsig et al. [1982] describe the shore-based conponent
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of the study.) Observations from Herschel Island before and during this
period of aircraft observation were conpared to determ ne whether arrival of

the aircraft affected the whal es.

We also recorded the waterborne sound from our |slander observation

aircraft as well as a Twin Oter and a Bell 212 helicopter. In each case,
the aircraft flew several passes at 153-610 m ASL over a hydrophore or
sonobuoy., Results appear in the ‘Industrial Noise section (Geene 1982).

Bowhead Behavior Near Seisnmic Exploration

Opportuni stic Chservations near a Seismic Ship

On 21 August 1980, a seismic exploration vessel, the “Arctic Surveyor’ |,

was di scharging a sleeve exploder systemin an area about 13 km (7 n.mi.)
from seven bowheads. This occurred late in the day when the light was

failing, but we obtained some data on surface times, intervals between blows,
and blows/surfacing. Cbservations before and after the incident were not
possi bl e, but behavioral data gathered near the seismic vessel can be
conpared with data gathered in the- same general area on 20 and 22 August in
the absence of apparent disturbance. Limted informati on about seismc
sounds in the water near the whales was also obtained with a sonobuoy.

Simlarly, on 25 August 1981 we agai n observed whal es as close as 6-8 km
fromthe ‘Arctic Surveyor’. Part way through the observati on session, we
directed our chartered boat, the ‘Sequel’, to pass close by these whales.

Thus we obtained data on behavior in the presence of a boat plus seisnic

noise as well as with seismc noise alone.

Airgun Experinments, 18-19 August 1981

Controlled experiments with a full-scale seismic ship were not possible,
but we used a single 40 in’(655 cm3) Bolt airgun fromour chartered boat in
August 1981. According to the manufacturer, the source level of this airgun
is 222 dB//1 pPa at 1 mwhen it is at a depth of 9 m and slightly |ess when
at a depth of 6 mas in our experinents. When airguns are used for
full-scale seisnmic exploration, an array of guns totalling about 1400-2000



Di sturbance 169

ind is used; some guns in the array are smaller than 40 in°, and others are
larger. The source |evel of such an airgun array is roughly 248 dB//1 pPa at
Im(Johnston and Cain 1981). Sound | evel s reaching the whal es fromour one
airgun at a distance of 5 kmwere at |east as high as those that woul d reach
whales 24 km from the ‘Arctic Surveyor’ (G eene 1982).

Each airgun experinment consisted of a pre-airgun control period, an
ai rgun discharge period, and a post—airgun peri od. Throughout all three
periods, the Islander observation aircraft circled overhead and the ‘Sequel’
nmoved slowy (5.6 kmih) in a large circle at a nore or |ess constant distance

from the whal es. This distance was naintained by directions fromthe
aircraft, which could nmeasure the distance to the ‘Sequel’ by radar. Duri ng

the airgun-discharge period, the airgun was discharged every 10 s for 19-20

mn.

The airgun was operated from conpressed air tanks that had been filled
to 3000 psi before the pre-airgun control period began. Thus there was no
conpressor noise during the experinents. By the end of the 19-20 nin

di scharge period, the available air pressure had decreased to about 500 psi,
and the intensity of the waterborne inpulses had decreased. Sounds near the
whal es were nonitored throughout each experiment via sonobuoys.

Qur permt under the Marine Mammal Protection Act and the Endangered
Speci es Act specified that we first carry out an experinent at a distance of

5 km If there was no major response at that distance, we were pernmitted to
approach to 2 km. The first experiment (18 August) was carried out 5 km from

echel on-feedi ng whal es. Because we observed no mmaj or response (the whal es
continued to feed), the second experinment (19 August) was carried out at
about 3 km W had hoped to replicate the experinent several tines; however,
there were no additional suitable opportunities. A group of whales that we
had hoped to work with on 24 August proved to contain three calves, and our
permit obligated us to avoid experimenting with cal ves. Whal es that we had
hoped to work with on 25 August were within an area ensonified by the seismc
vessel ‘Arctic Surveyor’, No other potentially suitable situations were

avail able to us.
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Bowhead Distribution Near an Artificial |sland

During the 1980 open-water season, Esso built up and inproved its
I ssungnak artificial island. The major activity at the site was dredging by
the ‘Beaver Mackenzie' of material fromthe adjacent sea bottomfor the
i sl and. The suction dredge ‘Beaver Mackenzie' is an 86.5 mvessel with a
gross tonnage of about 2200 (detail ed description in Geene 1982). The
sounds of the island construction operation were studied in detail (G eene

1982) .

To study the distribution and relative abundance of bowheads near
construction activities at Issungnak artificial island, we flew systematic
surveys near the island on 9, 11, 12, and 22 August 1980. There were 16
survey lines, each 33.3 kmlong, spaced (in theory) at 3.2 kmintervals;
Issungnak was at the center of the survey area (Fig. 1). (Because of
navigational difficulties the lines were not as straight or as evenly spaced
as planned or desired.) To ensure that the whal es would not be disturbed by
our aircraft, we flew at 610 m ASL. Ai rspeed was 185 kni h. Two observers
were used, one in the right-front (co-pilot’s) seat and the other in a left
seat at the back of the aircraft. Transect width was 1.6 km 0.8 km on each
side of the flight track. Thus about 50% of the 33 x 51 km area was surveyed
during each flight (except when fog precluded conplete coverage).

W recorded the locations and nunbers of whales, the presence of calves,
and the whales’ orientation and general behavior. Al sightings were
classified as ‘on-transect’ or ‘off-transect’ . Because our prinary objective
was to docunent bowhead distribution in relation to distance and direction

fromthe source of potential disturbance at |ssungnak, we rarely interrupted
these surveys to circle and observe the behavior of the. whales.

Anot her LGL survey team al so covered the Issungnak area in 1980 during
studies for Esso Resources Canada Ltd. Their survey lines, which were also
oriented north-south, extended for about 35.4 km north from 69747.5 N
latitude; thus the north ends of these lines were about 8 km north of
Issungnak. The lines were spaced at 3.2 kmintervals, with 6 lines west and
6 lines east of Issungnak. These surveys were at 305 m ASL and airspeed 262
knmih (Fraker and Fraker 1981).
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Because of the higher altitude and | ower airspeed during surveys for the
present study, we woul d have had any given point in view for a longer tinme

than woul d the observers doing the ESso surveys.

In 1981, bowheads were not present near any industry activity |ong

enough to warrant the above kind of systematic survey coverage.

Presence of Bowheads Near a Drillship

On 23 August 1981 we discovered two groups of whales near the drillship
‘Explorer Il (about 15 kmand 4 km away). W observed the first group from
18:17 to 19:11 MDT, and the second group from 19:17 to 21:20, except from
20:29 to 20:40 when we interrupted these observations to record the response
of another group of whales to the passage of a vessel. W observed from an
altitude of 610 m and recorded the usual information about respiration,
surface and dive times, and general activities. Drillship sounds reaching
the whal es were recorded via sonobuoys, and drillship sounds in general were
al so studied in nore detail fromthe ‘Sequel’ (Geene 1982).

Sightings by Industry and Qher Personnel

Many peopl e working offshore in the Beaufort Sea regi on see whales in
the course of their work. These sightings provide informati on about the
seasonal distribution of whales, their directions of novenent, and their
presence near various sources of potential disturbance. To make it possible
for people working on projects for industry, governnent, and universities to
record their observations systematically, we distributed business-reply cards
with spaces for species, location, date, the vessel or island from which the
observation was made, and the nane and address of the observer.

Recording and Analysis of Wterborne Industrial Sounds

Two sound recording systems were used in each year: a boat system

enpl oyi ng hydrophores, and an airborne system enploying sonobuoys that
transmit the waterborne sounds to the aircraft. Both systens are descri bed

in the ‘Industrial Noise' section (Geene 1982).
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RESULTS

Reacti ons of Bowheads to Boats

The observations of bowheads’ reactions to boats involved four different
vessel s. The ‘Inperial Adgo’ was a fast, 16.1 m diesel-powered crew boat;
we observed fromit on three days when it was involved in other work and on
one day when it -was under our control. The ‘ Sequel’ was a slow, diesel-
powered, 12 mfishing boat that we chartered in 1981. (Observations near two
| arger vessels, 'Canmar Supplier IV and the ‘Arctic Surveyor’ (not shooting
its seismic devices), were made during chance opportunities.

Boat - based Cbservations, ‘lInperial Adgo'

W observed the behavior of bowheads fromthe boat ‘Inperial Adgo on
23, 24, 26 and 27 August 1980; fog and rain precluded work on the 25th. On
27 August we used the 'Adgo' and the observation aircraft in a coordinated
way to carry out experinmental disturbance of bowheads. The data coll ected
fromthe boat during this experinment are included here; the data collected
fromthe aircraft on 27 August are presented in the next section. The
underwat er sound of the boat was recorded via a sonobuoy and these results
are presented in Geene (1982). The weather during the four working days was
generally favorable. The light winds (5-9 kmh) resulted in sea states of 1

and 2.

Figure 3 shows the orientations of whales recorded fromthe ‘Inperial
Adgo’ (see Appendix 1 for detailed data). It was easier to record orienta-
tions of whales that were near (<900 m) the boat than those of whal es that
were distant (>900 m. Therefore, the majority of the data concern bowheads
in the nearer category. The whales did not orient in all directions with
equal frequency, regardless of whether the 'Adgo' was cruising -or stopped in

the water with its engines off or idling (Table 1A).

Al t hough whales did not orient uniformy when the engines were off, the
frequency distribution approached uniform nmore closely under this condition
then when the engines were idling or engaged (Fig. 3). The deviation from
uniformwas not statistically significant when the range was greater than 900
m (chi-square 5.06; df = 2; 0.05<p<0.10), but was significant when the range
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FIGURE 3. (Orientations (with respect to boat) of bowhead whales observed
fromthe ‘Inperial Adgo’ when it was (1) stationary with engines
off, (2) stationary with engines idling, and (3) cruising near
whales.  The hypothetical orientations are those that one woul d
expect if the whales were randomy oriented, See ‘Methods' for
expl anation of categories. Nunbers above bars are sanple sizes.



Di sturbance 174

Table 1. Summary of chi-square tests applied to orientations of bowheads
recorded from the boat ‘Inperial Adgo’ on 23, 24, 26 and 27 August 1980. See
Appendix 1 for data and text for explanation of categories.

Boat Engi ne Chi=~
Condi tion Squar e df P

A \Were bowheads oriented
uniformy in all directions?

of f 28. 67 6 <0. 001
I dling 37.53 6 <0. 001
Engaged 152. 58 6 <<0. 001

B. Were orientations simlar
in the follow ng conditions:

off vs. Idling 19. 48 6 <0.01
O f vs. Engaged 66. 84 6 <<0. 001
Idling vs. Engaged 22.26 6 <0. 005

c. Were orientations of bowheads
<900 m and >900 m from the boat simlar?

of f 8. 89 5* >0.1
1dling 14. 16 4* <0. 01
Engaged 6. 89 2% <0. 05

* Adjacent categories summed to elininate |owfrequency cells.
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was 900 mor | ess (chi-square = 11.51; df = 2; p<O 005). In the latter case,
the number of whales oriented away from the boat was the sane as expected, so
the significant chi-square was attributable to the ‘toward’ and ‘neutral’
cat egori es.

The orientations differed fromuniformin a highly significant way when
the boat was noving (engines engaged) and to a |esser degree when the engines
were only idling (Fig. 3, Table 1A). The orientations were statistically
different under the different conditions (Table 1B). Predictably, the
greatest difference was between the engines ‘off’ and ‘engaged conditions.
The orientations tended to be away from the boat when it was idling and
especially when it was noving. The orientations taken by the whal es were
also related to the distance from the boat, except when the engines were off
(Table 1C). Wen the engines were idling, the whales that were beyond 900 m
tended to orient away from the boat nore strongly than did those within
900 m however, the sanple size in the former category is relatively snmall.
Wien the engines were engaged, the whales in both distance categories tended
to orient away fromthe boat, but the close whales did so nore strongly.

On one occasion in August 1980 while the ‘Inperial Adgo was traveling
at full speed (41 kmh), the boat nearly collided with a bowhead calf. Two
experienced whal e observers were actively looking for bowheads at the tineg,
and even so the boat cane very close to the calf before it was seen. This

i ncident indicates that bowheads, or at |east bowhead cal ves, sonetimes nmay
be incapable of avoiding high-speed crew boats. It further indicates that

the boat crew may not always see the whale in tine to avoid it.

In summary, bowheads observed fromthe ‘lInperial Adgo’ showed a strong
tendency to orient away from the boat when it was moving within 900 m  There
was a simlar but less intense response when the distance between the boat
and the whales was >900 m or when the boat was stationary with its engines
idling. Although the pattern of orientations when the boat was stationary
with its engines off was not statistically uniform simlar overall nunbers
of whales were oriented toward and away fromthe boat in that situation.
Al though we did not contact any whales with a boat, one ‘near-nmss’ incident
involving a bowhead calf and a high-speed crew boat indicates that collisions
are possible.
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Boat Di sturbance Experiment, ‘lnperial Adgo'

On 27 August 1980, by nmintaining radio contact between boat and air-
craft, we guided the ‘lInperial Adgo’ toward a group of bowhead whal es, thus
permitting a series of aerial observations before, during, and after the boat

approached the whal es. Observations were made fromthe Islander aircraft
circling at 610-762 m  The experiments took place offshore of MKinley Bay,

NWT., in water 17-19 m deep, sea state 1.

At 14:12, a group of four bowhead whales, nore or less stationary, were
observed about 3.7 kmfromthe 'Adgo'. Two had their nouths open, briefly,
but apparently were not skim feeding as whales in this area had been doing
conmmonly a few days earlier. On 27 August, few whales remained in this area,
where there had been scores recently (cf. Renaud and Davis 1981). Apparently
the four animals that were the subjects in this experinent were anong the

| ast ones remaining in this area.

The disturbance trials were divided into four phases: pre-di sturbance
‘control’ , disturbance with boat idling, disturbance with boat at speed near
whal es, and post-disturbance (boat |eaving area). Two series of disturbance
trials were conducted. The followi ng aspects of the whales’ behavior |ent
themselves to observation and quantitative analysis: (1) time at the
surface, (2) distance to nearest neighbor, (3) proportion of surfacings with
only one blow, and (4) orientation with respect to the boat. It was not

possi ble to recogni ze particular individuals by any distinctive markings, so
dive times and novenents of individuals fromone surfacing to the next could

not be assessed.

Pre-disturbance ‘control’ data were collected as the boat remained 3.7
km away fromthe whales with its engines off (Table 2). There were two
periods when the boat stood-by several kilometres away with its engines
idling: one was before the first pass by the boat through the group of
whales, and the other was between the first and second passes by the boat.
The post-disturbance period followed the second pass by the boat, when the
boat left the area near the whal es.
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Table 2. Duration of various phases of the experimental disturbance of four
bowhead whal es by the boat ‘Inperial Adgo’ on 27 August 1980. See text for
details.

Boat to
VWal es
Di stance Duration
Epi sode Phase (km (rein)
1 pre-di sturbance (engines off) 4 28
2 di sturbance (boat idling) 3-4 30
3 di sturbance (boat at speed near whal es) 0.5-4 8
4 di sturbance (boat idling) 4-9 18
5 di sturbance (boat at speed near whal es) 0.1-4 9
6 post - di sturbance (boat |eaving area) >4 20

Operations of the boat had a clear effect on the length of time that the

whal es renmained at the surface. During the pre-disturbance ‘control’ period
(episode 1 in Table 2) the whales stayed at the surface for |onger periods
that were of relatively constant duration, conpared to whales that had been
affected by the boat (Fig. 4A). The whal es apparently responded to the
boat’'s di sengaged engi nes (episodes 2 and 4) by reducing their nmean tine at
the surface from about 82 to 58 s; this difference was statistically
significant (t = 2.79; df 31, p<0.0l). Wen the boat was operating close
to the whales at cruising speed (episodes 3 and 5), the nmean tinme at the
surface dropped further and the variability increased. While the ‘Adgo’ was
within approximately 1 km of the whales, they actively tried to avoid the
boat. After the boat left (episode 6), the nmean surface time increased, but
the tines renmined nore variable than before disturbance. The difference
between the pre-disturbance ‘control’ surface tines and those seen when the
boat passed near the whales was highly significant (t ~4.47, df 21,
p<0.001); the means during the control period were less strikingly different

fromthose as the boat left (t ~2.67, df 19, p<0.02).

The reduction in tinme at the surface during disturbance was al so
reflected in a reduction in the number of blows per surfacing. During 18
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surfacings before or follow ng disturbance, the whales always blew nore

than once before diving again (episodes 1 and 6, Table 3). However, during
38 surfacings when the boat was either idling or running near the whales, the

whal es bl ew nore than once during only 27 (71% of the surfacings (episodes
2-5, Table 3). The difference between the two percentages is significant
(chi-square “6.48, df 1, p<0.025).

Table 3. Frequency of surfacings with 1 and >1 blow during boat (’'Inperial
Adgo’ ) disturbance experinents on 27 August 1980*.

Experi ment al Nunber of Bl ows/ Surfacing Tot al
Epi sode Condi tion | >1 Surfaci ngs
1 pre-disturbance 0 9 9

(engines off)

2 di st urbance 2 10 12
(boat idling)
3 di st urbance 3 3 6

(boat at speed
near whal es)

4 di st urbance 1 10 11
(boat idling)
5 di st urbance 5 4 9

(boat at speed
near whal es)

6 post - di st urbance 0 9 9
(boat |eaving
area)
TOTALS 1 45 56

* It was possible to determine whether there was 1 or >1 blow surfacing in

more cases than it was possible to obtain the exact nunber of bl ows.
Therefore, this table shows nore events than does Fig. 4B.

Di sturbance by the boat also resulted in the whales’ spreading out
nmore. During the pre-disturbance period, the mean of the estimated ‘distance
to nearest neighbor’ wvalues was 112 m (n = 7), but during and after
di sturbance (episodes 2-6), this increased to 562 m(n = 18, Fig. 5). A
t-test applied to the nearest neighbor data (log transfornmed) shows that the
difference was statistically significant (t ~4.97, df = 23, p<0.001).
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(Di stance to nearest neighbor was estinated at intervals of 1 min or nore in
an attenpt to ensure that each observation was independent of the preceding
observations.)

In summary, the group of four bowhead whal es responded to the boat
“Inperial Adgo’ by spending less time at the surface after each dive, and by
scattering. The effect was apparent when the boat was 3-4 km away and
stationary with its engi nes running. The effect was greater when the boat
cl osely approached and passed the whal es. During pre- and post-di sturbance

periods the whales blew nore than once during each surfacing, but during
di sturbance trials the whales blew only once during 11 (29% of the observed

surfacings. The distance to the whal es’ nearest neighbors increased during
t he di sturbance and remained greater during the observed post-disturbance
peri od. However, after disturbance the tinme at the surface and nunber of
bl ows per surfacing increased toward pre-disturbance |evels, although both

remai ned nore vari abl e.

Responses to a Ship, ‘Canmar Supplier 1V

On 19 August 1980, at about 19:20 h, a group of about 15 bowheads was
di scovered about 18 km E of Pullen Island, in an area with a diameter of
about 2,8-3.7 ion, water depth 10-12 m and near-cal mwinds. Qur observations
were made fromthe plane circling at an altitude of 610 m  The surface water
was turbid throughout the area, but there was an interface separating a nore
turbid froma less turbid area. Most of the whales were in the nore turbid

part.

At 19:20 two boats about 6 km NE of the closest whales were observed
moving southeastward, and another vessel, the 'Canmar Supplier IV, was

located 4.6 km E of the whales and was headed directly toward the whales.
The behavior of the whales in response to the latter vessel was observed.

The whales were diving and noving relatively quickly through the shallow

wat er . The paths that they took were evident fromthe nud clouds that they
created as the tail beats disturbed sedinments from the bottom (see ‘Normal

Behavior’ section). These whales may have been feeding. The whal es appeared
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to be spread out nore or less evenly with individuals separated fromtheir

nearest nei ghbors by about 15 body |engths (225 m. The aninals frequently
exhal ed underwater.

The whal es made no apparent effort to avoid the *Supplier IV until it
was very close. Wen the boat approached to within about 800 m the whales
oriented away fromit and appeared to try to out-swimit. As the boat cane
wi thin about 300 m the whales dove, all bringing their flukes clear of the
wat er . Underwat er exhal ations al so were observed during this tine. \Wales
that were to the sides of the track taken by the boat tended to orient
directly away from the boat as it came abeam of them After the boat was
past the whales by 800 mor nore, they appeared to orient in a variety of
directions, without respect to the boat track.

The orientations of animals at the surface were recorded at 1 min
intervals as the boat approached and |less frequently afterward (Table 4). A
chi-square test for uniformty was applied to the observations. Because of
the limted data, it was necessary to increase the number of observations per
cell by reducing the number of directional categories from 8 to 4. Todo
this, the nunmber of observations in each cardinal direction (N, E S W was
i ncreased by one-half the nunber of observations in the two adj acent
internediate directions*. Before the boat passed through the whale
concentrations, the orientations did not differ statistically froma uniform
di stribution (chi-~square = 7.41, df = 3, 0.05<p<0.10). After the vessel
passed, the orientations did differ statistically from uniform (chi-square =
8.78, df = 3, p<0.05). Oientations before and after the disturbance were
also statistically different from each other (chi-square = 8.34, df = 3, p =

0.04).

The observations were interrupted at 20:32, after 72 mn, but resuned
briefly at 23:24. At this time whales were still located near the muddy-

clearer water interface and were apparently oriented randomy; poor
light conditions nade it inpossible to collect quantitative data on

orientations or inter-aninml distances.

* For exanple, to the nunber oriented N was added one-half of those oriented
NW and NE, to the nunber oriented E was added one-half of those oriented NE
and SE, and so on.
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Tabl e 4. Orientations of whal es observed 18 km east of Pullen Island on 19
August 1980 before and after being disturbed by the 'Canmar Supplier IV'.
During disturbance the vessel passed through the group of whales.

Oientation
Condi tion Time N NE E SE S SW W NW
Bef ore 19: 23- 15 1 9 3 4 3 5 9
Di st ur bance 19:28
After 19: 54- 14 3 4 3 20 3 10 6
Di st ur bance 20:13

In summary, on the evening of 19 August 1980, a group of about 15
bowheads (possibly feeding) were disturbed when a ship passed through their
mdst. They did not react overtly to the ship until it was within about 800
m  The initial response was to try to outrun it, and as it approached nore
closely, to scatter. \Wales directly on the westbound ship’'s track responded
by heading west; those to the sides noved away in other directions. However,
the bowheads did not leave the area, and 3 h after the disturbance, bowheads
(presunmably the same ones) were still present in the area. What ever the
effect of the ship might have been, it apparently did not result in the
animals leaving the area, at least in the short term

Responses to a Ship, ‘Arctic Surveyor’

During a brief period (20:29-20:40) on the evening of 23 August 1981, we
observed the response of a group of at |east seven whal es anong whi ch passed
the seismc vessel ‘Arctic Surveyor’. Water depth was 23 m and the
observation aircraft was at 610 m ASL. The vessel was traveling rapidly and
was not shooting.  (None of the equipnent was |owered over the side, nor were
'shots’ detected by either of the sonobuoys in the water at the tine.) The
vessel’s speed at this tinme is unknown, but its cruise speed is 19.5 km/h.

These observations were nade about 11 km west of the drillship ‘ Explorer |1’

When we arrived, the furthest yhales from the * Surveyor’ were a group of
three approximately 2.8 km ahead of the boat; all were noving rapidly and
were headed away from the boat. This was also true for the other whales,
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which were as close as 1 km but were to the side of the boat’s track. During
this encounter, the ‘Surveyor’ closed on sone of the whales that were trying
to outrun it. Al'l but one changed course to nove at right angles to the
vessel's track as it closed to within approxinmately 400 m The exceptional
animal cut in front of the vessel, which passed within 100 m. \Wales as far

as 1.4 im behind the vessel continued to nove away from the vessel’'s track.

Table 5 shows the surfacing and respiration characteristics that we were
able to record. Clearly, the behavior of the whales near the ‘Arctic
Surveyor’ was affected. O the seven surfacings that we observed conpletely,
there were two blows in one case and only one blow in the six others. The
mean length of surfacing was only 11.0 s, and the nmean |ength of dive was
only 29.4 s. In contrast, average values for presumably undisturbed bowheads
in water depths 16-30 mare 4.8 + s.d. 2.93 blows per surfacing, surface time
70 + 40.5 s, and dive tinme 245 + 265 s (cf. Table 4 in ‘Nornal Behavior’
section, Wiirsig et al. 1982) . Thus , the whales were diving briefly and
surfacing briefly while noving quickly away from the vessel.

Table 5. Surfacing, respiration and dive characteristics for whales observed
near the ship ‘Arctic Surveyor’ on 23 August 1981.

Par anet er Mean s.d. M n Max n
Bl ow Intervals (s) 15 1
Length of Surfacing (s) 11.0 6. 63 2 20 7
Bl ows/ Sur f aci ng 1.1 0.38 1 2 7
Length of Dive (s) 29. 4 37.02 4 90 5

Responses to a Boat, ' Sequel’

After observing bowheads about 8 km from the active seismc vessel
“Arctic Surveyor’ on 25 August 1981, we conducted a boat disturbance test

using ‘Sequel’. \ater depth was 11 m ‘Sequel’ approached a group of four
whal es at a speed of about 16.7 kmih, with the closest point of approach to
the whal es being approximately 300 m Three of the four whales were

socializing and playing with a log (see Wiirsig et al. 1982), The playing
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ended at 12:50:17, when ‘ Sequel’ approached to within about 2.5 km As it
came to within about 2 km all of the whales were nmoving rapidly away from
“Sequel’ , apparently trying to outrun the boat. As ‘Sequel’ closed on the
whal es, they changed course to nove at right angles from the vessel’s track.
At 13:01:50, after ‘Sequel’ had passed the whales but still was within 1.5
km the whales continued to nove rapidly away fromthe vessel’s track. By
13:09, the whales had stopped traveling and were mlling; at this tine,
“Sequel’” was about 5.6 km from the whales and noving away from them at ful
speed. Throughout this period, the ‘Arctic Surveyor', which was about 8 km

east of the whales, was ‘shooting’ its sleeve exploders.

Figure 6 summarizes the surfacing and respiration characteristics for
the whal es under the influences of the ‘Sequel’ and ‘Arctic Surveyor’ (see

Appendi x 2 for detailed data). Bl ow interval s increased when ‘Sequel’ was
near the whales (F = 3.41, d4df = 2,187, 0.025<p<0.05). As expected, the

length of tine at the surface decreased when ‘Sequel’ canme near the whal es
and then increased again afterward (F = 4.09, df 2,69, 0.01<p<0.025). The

trend in nunber of blows/surfacing was consistent with that in surface tines,
i.e. both decreased under the influence of ‘Sequel’ and returned toward the
pre-‘Sequel’ nunber afterward, but in the case of blows/surfacing the
difference was only mrginally significant (F ~2.79, df~ 2, 60,

0.1>p>0.05). The dive tinmes decreased dramatically when ‘Sequel’ was near
the whales (Fig. 6), but the difference based on the small sanples was not

quite significant statistically (2-sided Mann-Wiitney U ~17, n 8,9,
0.05<p<0.1).

These results show that even in the presence of continuous |oud seismic
noise, the approach of a small boat causes a pronounced flight response in

bowheads.

Summary of Boat Disturbance Observations

In 1980, bowheads quickly noved away from the approaching boats after
they came within 0.8 to 1.0 km Initially the bowheads tried to outrun the
approachi ng boats. When this failed, whales that were overtaken changed
course to nove perpendicularly away fromthe boat’'s track. The whal es al so
spent a reduced anount of time at the surface and blew fewer tines during
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each surfacing; in some cases the whales blew only once. The di sturbance
caused the whales to becone nore wi dely separated. The whales did not
continue to nove away after the vessel passed, and disturbance apparently did
not cause whales to vacate any specific areas. However, the increased
i nter-aninal distances and any social disruption that this may have caused
did persist for at least an hour, and possibly for several hours. The sound
froma stationary boat, with engines idling but propellers disengaged,
produced nmore subtle effects; whales tended to orient away fromthe boat and
surface times were reduced.

In 1981, responses to the two vessel disturbance incidents that we
observed were simlar qualitatively to the responses in 1980. However,
flight responses were noticed at a greater distance fromthe vessels than we
observed in 1980 (up to 2.8 kmvs. 1 km or |ess). The reasons for this
seemingly greater sensitivity in 1981 are not known. Perhaps it was
attributable to cunulative effects from multiple sources of potential
di sturbance. The 23 August 1981 boat disturbance event took place only 11 km

froma drillship, and the 25 August event was only 8 kmfrom an active
sei sm c ship. Results from 25 August showed that bowheads reacted strongly

to an approaching small (12 n) boat even when they were in an area ensonified
by noise inpulses from seisnmic exploration.

Reactions of Bowheads to Aircraft

We assigned a higher priority to studies of normal behavior, boat
di sturbance and di sturbance from underwater sources of noise than we did to
studies of aircraft disturbance. W did record cases of apparent disturbance
owing to the presence of our aircraft during our observations of ‘normal’
(undi sturbed) behavior, we conpared all observations from 457 and 610 m and
we conducted two limted experinments involving observations from various
al titudes. These observations were nmade as we circled above the whales in
the Britten-Norman |slander (described in ‘Mthods’). W also conpared bl ow
intervals as observed fromthe aircraft and from land on the sane day.
Information about the amount and characteristics of aircraft noi se
transmtted into the water appears in the ‘Industrial Noise section (Geene
1982) .
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Qccasions with Apparent Reactions

Table 6 lists instances when the observers in the aircraft believed that
whal es were being disturbed by the aircraft. The interpretation of the reac-
tions as disturbance depended not only on the gross behavior, usually diving,
but also on subtle behavioral differences. For exanple, when the whal e(s)
that had apparently been disturbed dove, it appeared that the dive was
initiated as we approached and that the aninmal (s) went through the diving

motions nore quickly than usual.

Most whal es that we believed were disturbed by our aircraft dove al nost
imediately (often without blowing) after we started to circle above them
Individuals that did blow before diving may have just surfaced from a

previous dive. In one case (observation no. 10), a whale that had been
nmoving in a straight line turned toward the aircraft as we approached; then

it dove. In another case (observation no. 14), we had been circling above
the whal es observing their skimfeeding behavior from 457 m ASL. W
descended from 457 m to 305 min an attenpt to nmake nobre detailed
observations of skim feeding; as we descended the whales all dove, presumably

in response to the aircraft.

In 1980, all observations of apparent disturbance occurred when the
aircraft was at an altitude of 305 mor |ower (Table 6), although on 22

August we observed skimfeeding whales from 305 m for about 30 min wthout
apparently disrupting their activities. However , in 1981 the whales

soneti nes appeared to be disturbed when the aircraft was as high as 457 m

(Tabl e 6).

Compari son of Observations from Different Altitudes

In addition to the overt responses of the bowheads to possible
di sturbance by our aircraft, we have exami ned the surfacing and respiration
characteristics of bowheads observed from different altitudes (Fig. 7; see
Appendix 3 for detailed data). If the observation aircraft were a
significant source of disturbance to the whales, one would expect this to be
manifested to a greater degree at |lower rather than higher altitudes;
therefore, we conpared observations made from 1500-1900 ft (457-580 m) with



Di st ur bance 189

Table 6. Instances of apparent disturbance of bowheads by the Britten-Norman
Islander aircraft. See text for discussion

Aircraft
ohs. Al titude Whale Appar ent
No. Dat e (m) Activity Reaction to Aircraft
1 4 August 1980 168 Wt er - col um - dove alnost immediately
feeding
2. 4 August 1980 213 " - dove al nost inmediately;
blew 1 time
3. 4 August 1980 213 " - dove al nost inmediately
4, 4 August 1980 213 " - dove al nost imediately;
blew 4 times
5. 4 August 1980 229 " - dove al nost immediately;
blew 3 tines
6. 4 August 1980 198 " - 2 whal es dove al nost
i mmedi ately
7. 6 August 1980 274 " - dove alnost inmediately
8. 23 August 1980 305 Skim f eedi ng - dove alnobst inmediately
9. 23 August 1980 305 " — dove alnost immediately
10. 23 August 1980 305 " - changed course to head
toward plane, then dove
11. 23 August 1980 305 " - echelon of 3 whales dove
as we descended from 457
to 305 m
12. 23 August 1980 305 " - dove alnost inmediately
13. 23 August 1980 305 " - dove alnobst inmediately
14, 23 August 1980 305 " - group of at least 5 skim-
feedi ng whal es di spersed
15. 27 August 1980 305 Unknown - dove immediately
16. 27 August 1980 305 " - dove immediately
17. 27 August 1980 305 " - dove immediately
18. 31 July 1981 457 ! - dove alnost imediately
as plane circled
19. 1 August 1981 457 " - 3 whal es dove al nobst
i mmedi ately
20. 1 August 1981 194 " “changed orientation

21. 4 August 1981 457 " - dove alnost inmediately
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others made from 2000-2800 ft (610-854 m). Mst observations in the former
range were from457 m nost in the latter range were from 610 m ‘de have
used data only from observation periods when the whales were presumed to be

undi sturbed (except possibly by the aircraft).

Consi dering both years together, there were few clear differences in the
surfacing and respiration characteristics recorded fromthe two altitudes
(Fig. 7). The interval between blows was not significantly different for
either year individually or for both years pooled. The sanme was true of the
mean nunber of blows per surfacing. Al though the mean times at the surface
per surfacing were simlar during observations fromthe two altitudes in
1980, the surface times tended to be |onger when observed from high altitudes
in 1981 (neans 68.8 vs. 55.0 s, t = 2.27, 0.02<p<0.05) and in the two years
pooled (70.8 vs. 59.0 s, t = 2.23, 0.02<p<0.05). Dive tines were highly
vari abl e when observed fromeither altitude, and overall mean dive tines for

the two altitude ranges were alnost identical (Fig. 7).

On two dates we circled one group of whales at high altitude (610 m) and
then at one or two lower altitudes to determne whether their behavior woul d
change when the aircraft descended. On 6 Septenmber 1981 we attenpted a
l[imted experinent to determine the response of whales to the Islander
aircraft flown at altitudes of 610, 457, and 305 m Unfortunately, the sea
state was Beaufort S; thus anmbient noise was quite high, presumably nasking
much of the aircraft noise. The rough seas also nade observations of the
whales difficult. Another experiment was attenpted on 8 Septenmber 1981. On
that day, the sea state was Beaufort 1-2, but fog precluded work until late
in the day when light conditions were deteriorating. Cbservations on 8

Septenber were nade from 610 m and 305 m

The data on both 6 and 8 Septenmber show a trend toward decreased bl ow
interval with decreasing altitude of the observation aircraft (Fig. 8 and
Appendi x 4). This difference was statistically significant for both 6
Septenmber (F = 3.57; df = 2,123; 0.05>p>0.025) and 8 Septenber (t = 2.49,
df = 146, p<0.02). The data provide sone suggestion that the sane pattern
mght obtain for nunber of blows/surfacing and surface tines (Fig. 8);
however, there are too few data and the variances are too great for any
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ri gorous analysis. There are too few data on dive tinmes to say anything

meani ngf ul .

Conpari son of Chservations from Aircraft and Shore

On 3 Septenmber 1981 we observed whal e behavi or near Herschel Island
simul taneously from shore and the Islander aircraft. The weat her was | ess
than ideal--there were occasional snow squalls, although the w nds were
light. The ceiling was only 152 mat the start of observations fromthe
plane, but lifted to 396 mby the tinme observations ended; thus observations
fromthe plane were carried out from 152-396 m Only blow intervals could be
recorded from both shore and the aircraft. The whal es that were observed
were approximately 2.5-3.2 km from the observation post on Herschel |[sland.
We are not certain that the aircraft data are fromexactly the sane whal es,
but they were within the sane area.

The lengths of the blow intervals recorded from Herschel Island were
statistically simlar before the aircraft arrived and while it was present
(Table 7; t 0.10, df = 22, p>0.6). Blow intervals observed from Herschel
were also statistically similar to those observed fromthe aircraft (t =
0.51, df 51, p>0.5). Thus, wth respect to blow interval, there was no
detectable effect of the aircraft on 3 Septenber 1981.

In summary, whal es al nost always dove when the observation aircraft
circled themat an altitude of 305 mor less, and they sometines dove (in
1981) when the aircraft was at 457 m Blow intervals recorded from Herschel
I sl and before and during the presence of our aircraft were simlar. Wen we
| ooked at all of the respiration and surfacing data collected in 1980-81 from
two altitude ranges (457 to 580 mand 610 to 854 m), we found no mgj or
differences related to altitude of the aircraft. However, surface times
tended to be slightly longer when observed from higher altitude.

On two occasions when we circled a group of whales at 610 m and then at
lower altitudes there was a statistically significant reduction in blow
interval and a suggestion that length of surfacing and bl ows/surfacing al so
decreased when the plane was at a |lower altitude. In general, the data
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Table 7. Blow interval s of whal es observed near Herschel I|sland from | and
and fromthe Britten-Norman Islander, 3 Septenber 1981.

Cbservation
Pl atform Period of Cbservation Mean s.d. n
Herschel Island Before aircraft arrived 10.75 s 4.62 S 8
Wile aircraft present 10. 94 4,22 16
Combi ned 10. 88 4.26 24
Aircraft Wile aircraft present 11.72 6.99 29

strongly suggest that our aircraft usually affected the whales’ behavior when

it circled whales at 305 mor below, but usually did not have a najor effect
when it circled at 457 m The usual reactions to the aircraft were sone

conbination of reduced surface time, reduced blow intervals, and hasty
initiation of a dive. W never detected any effect when the aircraft was at

610 m or above.

Reduced surface tinmes and bl ows/surfacing were also noted during boat
di sturbance (see above) and airgun disturbance (see below). The reduced blow

intervals during periods of probable aircraft disturbance are, however, not
consistent with blow intervals during close approaches by the boat ‘' Sequel’

(increased blow intervals) or during airgun experiments (no change in blow
intervals). W have no explanation for the lack of consistency in blow

intervals during the various types of probable disturbance.

Reactions of Bowheads to Seismc Exploration Noise

On two occasions we observed bowhead whales that were well within the
area ensonified by an active seismc ship, the ‘Arctic Surveyor’” . In
addition, in 1981 we conducted two controlled tests of reactions to an
airgun. Airguns are one of the types of devices used to create sound

i mpul ses for seismc exploration.
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Behavi or of Bowheads near Seismc Vessel, 21 August 1980

Late in the evening of 21 August 1980, a seismc exploration vessel was
operating in the general area where whales had been observed during recent
days. It was not possible to reach the area until 22:25, when the |ight was
failing and the potential for making detailed observations was limted. The
sky was clear and there was a light breeze (<9 km'h) fromthe NE. A sonobuoy

was depl oyed to nmonitor the sounds near the whal es.

The boat, the ‘Arctic Surveyor’, was operating near 69°53'N, 132°47'W,
in about 12 m of water. The devi ces being used were ‘sleeve expl oders’
Twel ve rubber cylinders, each about 1.2 mlong and 0.3 min diameter, receive
a charge of propane and oxygen and are ignited simultaneously to generate the
required energy pulse. In 6 series of ‘shots’, there were 8 shots/series,
and the interval between shots averaged 8 s (range: 6-10). Each series was

separated fromthe next by a ‘silent’ period of about 50 s as the vessel
moved to a new | ocation.

The cl osest whal es that we coul d discover were a group of at |east seven
| ocated about 13 km 60°T from the vessel, in 12-13 m of water. The whal es
were active, apparently socializing. There was no apparent tendency for the
whal es to nmake any net movenent away from or toward the seismc vessel.
Because of the poor light conditions, it was difficult to follow individual

whal es at the surface, but some behavioral data were gathered (Fig. 9).

The whales were interacting quite vigorously. There appeared to be
short chases. Two individuals sometines surfaced sinultaneously or nearly
so, and on one occasion a whale surfaced in between two other whales that
were close together. The duration of surfacings, the nunber of Dblows/
surfacing, and the intervals between blows were all simlar to or, at nost,
only slightly reduced from those exhibited by apparently undisturbed whal es
observed in the sane general area on the preceding and follow ng days (Fig.
9). All three parameters were also simlar to those for all presumably
undi st ur bed bowheads observed in water <15 mdeep (cf. Table 4 in *‘Nornmal
Behavi or’ section, Wirsig et al. 1982; t-tests give p>0.1 for each

parameter).
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The underwat er sounds produced by the seismic exploration vessel were
frequent and very intense near the whales. Mbst energy was in the 100-200 Hz
band. We were unable to make accurate neasurenents of these sounds, but our

rough neasurements on this date (135-146 dB//1 pPa) were consistent with the
expected value 13 kmfromthe ship (141 dB). The Latter value is based on an
equation devel oped from accurate neasurenents at several ranges (G eene

1982) .

Behavi or of Bowheads near Seisnic Vessel, 25 August 1981

On 25 August 1981, we again observed bowheads relatively close to the

active seismc vessel ‘Arctic Surveyor’ . The closest whales were 6-8 km from
the boat, in water of depth 11 m and there were other whales nearby out to
about 20 km from the seisnic boat. We had planned to conduct a controlled
experinental disturbance using the airgun nounted on the ‘Sequel’ , but the
“Arctic Surveyor’ had so ensonified the area that was accessible to us that
we could not do a valid experinent. Instead, we recorded the behavior of the
whal es about 6-8 km from the ‘Arctic Surveyor’, and then observed the
response of whales to the ‘Sequel’ as it passed nearby (see ‘Reactions of
Bowheads to Boats', above) . The level of the seismc sounds 8 km from the

“Arctic Surveyor’ is about 150 dB//l pPa (G eene 1982).

At | east seven snall groups of whales (I-3 animals per group) were

visible in the area west of the ‘Arctic Surveyor’; no whales were to the
east. Most of these whales were oriented or noving slowy toward the south
or southwest or were just nmilling. A Rayleigh test on the orientations

indicated no significant directionality (mean vector length = 0.206, n =
26). Mud issued fromthe nouths of at |east two whales, indicating feeding
near the bottom There was al so considerable social activity. Numer ous
calls from bowheads, along with the seismic sounds, were recorded via a
sonobuoy (Wiirsig et al. 1982: Table 5). The water was conparatively

rough--sea state 3.

There was little evidence that surfacing and respiration characteristics
were affected by the seismc noise on 25 August 1981, although the absence of
“undisturbed” control data fromthis date prevents specific conparisons.
Figure 10 sunmmarizes the data for the period of seismic noise preceding the
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approach of the ‘Sequel’ . The nunber of blows per surfacing was sinmlar to
that of bowheads in the sane general area northwest of Pullen |sland, but

somewhat farther offshore, on the two preceding days. However, the nean bl ow
interval and nmean surface time per surfacing were noticeably |ess than on

previous days (Fig. 10). Statistical conmparisons of results from 23-24
August vs. 25 August are not justified because water depths differed (11 m on
25 August wvs. 23-29 m on 23-24 August). Water depth affects the expected
val ues under undisturbed conditions (see Table 4 in Wirsig et al. 1982).
However, results from the period of seismc noise on 25 August can be
conpared with data from all presumably undisturbed bowheads in water <15 m
deep.  These conparisons showed no significant differences in surface tines,
bl ows/ surfacing or blow intervals (t-tests, p>0.05 in each case).

Dive tines recorded during the period of seisnmic noise preceding the

approach of ‘Sequel’ averaged longer than those for presumably undi sturbed
whales in <15 mof water (5.3 + 4.9 minvs. 1.0 +.1.4 rein). The bi ol ogi cal
significance of the difference in dive tines is uncertain. I n other

situations in which dive times appeared to be affected by disturbance, dive

times decreased rather than increased.

Airgun Experinents, 18-19 August 1981

On 18 and 19 August 1981, through the coordinated use of the aircraft
and M.V. ‘Sequel’, we were able to conduct controlled observations of the
behavi or of bowhead whales in the presence of sounds produced by a 40 in’
(655 cm3) airgun deployed at a depth of 6 m behind the boat and fired every
10 s for 19-20 min. Tabl e 8 shows the durations of the pre-airgun, airgun,
and post-airgun phases. On 18 August, the boat circled slowy (5.6 knih)
around the whales at a radius of 5 km from the whal es throughout all three
phases of the experinment. Because of the lack of nmjor response by the
whal es on 18 August, we repeated the experiment on 19 August at a distance of
about 3 km  Airgun sound levels near the whales at the start of the airgun
phases of these two experinments were at |east 123 and 118 dB//1 uPa based on
measurenents obtained via soncbuoys. (The actual received |evel is unknown
because of signal distortion at either the sonobuoy or the receiver stage.)

Most energy was in the band 100-400 Hz.



Di st urbance 199

Tabl e 8. Durations of various phases of the airgun experiments, 18 and 19
August 1981.

Boat -t o- Whal es

Dat e Phase Di stance Duration
18 Aug* pre—airgun 5 km 83 nmin
airgun " 20 min
post—airgun " 69 mn
19 Aug** pre—airgun 2.5-3.5 km 96 mn
ai rgun " 19 nin
post-airgun " 40 min
* Cbservation aircraft circled at 457 mthroughout experinment. Airgun was

discharged from 19:49 to 20:09 MDT. Location of whales was 70°03'N,
134°46'W; water depth 23-28 m

** (hservation aircraft circled at 610 m throughout experinment. Airgun was
discharged from 14:26 to 14:45 NDT. Location of whales was 70°03'N,
134°48'W; water depth 25 m

Surface tinmes and nunber of blows per surfacing were clearly affected
during the airgun phase of the 5 km experinent, and there was evidence of
simlar trends during the 3 km experinent (Fig. 11; see Appendix 5 for
details). \When the airgun was discharged, the nunber of blows per surfacing
was depressed--markedly on 18 August and slightly on 19 August. On 18 August
the differences anmong pre-airgun, airgun and post-airgun values were
statistically significant (Kruskal-Wallis H = 8.29, df = 2, 0.01<p<0.025),
and the values for the airgun period were significantly |less than those
during the control pre-airgun period (means 0.83 vs. 3.23; p<O 05 by Dunn’'s
mul tiple comparison procedure, Hollander and Wl fe 1973). Unexpectedly, the
effect was |ess pronounced and non-significant on 19 August, despite the fact
that the airgun was closer to the whales (Mann-VWhitney U for pre-airgum VS.
airgun periods = 115.5, n = 29,9, p>0.1). Not surprisingly, the length of
time spent at the surface followed the same pattern as the nunber of blows/
surfacing (Fig. 11), with a significant effect on 18 August (H = 8.54, df =
2, p<0.025) but not on 19 August (H = 1.75, df = 2, p>0.25). As usual, blow
intervals were nore stable than blows/surfacing or surface times ; blow
intervals did not differ significantly amng phases of either experinment (on
18 August, F = 0.12, d4f = 2,110, p>>0.1; on 19 August, F “0.06, df" 2, 166,
p>>0.1).
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Only limted data could be gathered on the dive tines of individual
whales , owing to the difficulty of follow ng the behavior of identifiable
individuals . The few dive tines recorded were quite variable (Fig. 11), and
no concl usi ons about reactions to the airgun are possible. The five dives
recorded during the airgun phase on 18 August were all short (4-134 s), but
not significantly less than those during the pre- and post-airgun peri ods
(4 = 0.01, df = 2, p>»0.5).

The whal es observed on 18 August were echelon feeding at and just bel ow
t he surface, (During echelon feeding, groups of 2-14 bowheads feed in a
specific formation; each animal is behind the preceding one and offset to the
side by 1/2 to 3 body widths--Wirsig et al. 1982). W recorded the nunber of
animals within each echelon at several nminute intervals (Table 9). A total
of about 19 individuals were under observation. During the pre-airgun,
airgun and post-airgun phases, the nmean nunbers of whal es conprising the
echelons were 4.67, 2.83 and 3.67, respectively. The differences cannot be
tested statistically because of partial |ack of independence, but there did
appear to be an effect of the airgun on the nunber of animals conprising the
echel ons. Nonet hel ess, the echel ons continued to exist and the whales were
still feeding during the airgun and post-airgun phases. Appendix 6 describes
t he behavior and path of one recognizabl e bowhead that was observed for

almost 3 h during all phases of the experinment.

Tabl e 9. The nunbers of whal es conprising echelons during the airgun
experiment on 18 August 1981.

Phase Mean s.d. n
pre-airgun 4.67 2.198 21
ai rgun 2.83 1. 329 6
post-airgun 3.67 1. 557 12

There was a dramatic decrease in sound production by the whal es during
the 5 kmairgun test. During 20 min of airgun activity, no bowhead sounds
were heard via the sonobuoy. In contrast, 11 calls and 43 blows were heard
in 8 mn of recording during the pre-airgun control period, and 57 calls and
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83 blows were heard in 126 min of post-airgun recording. Airgun noise masked
the recording for only 1 or 2 s out of every 10 s during the airgun phase, so
the difference is not an artefact of any significant reduction in our ability
to detect bowhead sounds during the airgun phase. In contrast, one bowhead
call was detected during the airgun phase of the 3 km experinent, and
nunerous bowhead calls were recorded during sone days when sounds from full-
scal e seismc operations were recorded through “the sonobuoys (Wirsig et al.
1982: Table 5).

We | ooked at orientations of whales on 19 August in two ways: wth
respect to (1) true north, and (2) the location of the ‘Sequel’ and the

airgun.

1. The aninmals were oriented significantly and in the sane direction
(sout hwest) during each phase of the experinent. However, the
variability of directions around the southwesterly mean was |ess
during the airgun and post-airgun phases than during the control
pre—airgun phase (Table 10). Sinmlarly, another group of
investigators (Davis et al. 1982) saw nunmerous bowheads about 25 km
farther west on the norning of 19 August; they too were oriented
sout hwest (LGL Ltd., wunpubl. data). Thus , the overall southwest
orientation of the whales was not noticeably affected by the airgun.

2. Oientations relative to ‘Sequel’ differed anong phases of the
experinment, but this nay have been a result of the overall SW
orientation rather than to any reaction to the airgun. During the
pre—airgun phase, ‘Sequel’ conpleted about 70% of a circle around

the whales, and orientations toward and away from ‘ Sequel’ were
equal ly divided (32:32). During the airgun phase, ‘Sequel’ was
NNW-NNE of the whales, and there were six orientations toward and 11
away. The difference from a 1:1 ratio was not significant
(chi~square” 1.47, df = 1), but the tendency for orientation away
woul d be expected for animals traveling SW Simlarly, during the
post-airgun phase, ‘Sequel’ was NNE-SSE of the whales, and there
were 22 orientations away and only six toward (chi-square 9. 14, df
"1, p<0.005). The tendency for orientation away again would be

expected for animals traveling SW

Thus there was no clear evidence that noise fromthe airgun 3 km away
affected the orientations of bowheads. The only hint of an effect is that
there was | ess variability around t he prevailing sout hwest war d
mean orientation during the airgun and post-airgun phases than during the
pre-airgun phase. A sout hwestward orientation was generally away from the
airgun and boat during the airgun and post-airgun phases.
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Table 10. Absolute orientations of whales during the airgun experinent on 19
August 1981.

Vect or Length of
Phase mean (“) Mean Vector* n
Pre-airgun 210'T 0.378 37
Ai rgun 220° 0. 603 9
Post—airgun 233° 0.719 13
All 219° 0. 480 59
* This is a neasure of variability. If there were no variation, the” length

of the mean vector would be 1.0; if orientations were uniformy distributed
inall directions, the value would be 0.0.

I ndustry Sightings

Bowheads were reportedly seen fromthe seisnmic ship ‘GSI Mariner’ on at
| east seven days in the 30 July-26 August 1981 period. This ship was using
an array of airguns, and nmost sightings were far offshore north of Cape
Dalhousie, N.W.T. (Fig. 1). Capt. D. Weston of the ‘GSI Mariner’' reported
sighting a total of at |east 20 bowheads in 9 groups of sizes 1-4. Thei r
estimted distances of closest approach to the ship were 1-4 n.mi. (2-7 knj.
We do not have specific information about the activity of the ship at the
time of each sighting, but the airguns were presunmably being fired at the
times of nost or all sightings.

In summary, our observations indicate that bowheads in the presence of
sounds from underwater seismc exploration show a considerable degree of
t ol erance. In both 1980 and 1981 we observed whal es in shal |l ow water about
6-13 km from full-scale seismc operations wusing the sleeve-exploder
technique. The seismc sound levels 8 and 13 km from that particular seismc

ship were about 150 and 141 dB//1 pPa (Greene 1982). Wth only two observa-
tions, a cautious interpretation is necessary, but the whales tolerated this
noise level to some extent. There was no conclusive evidence of alterations
in surfacing and respiration characteristics relative to those in simlar

wat er depths in the absence of seismc noise. When the seismc vessel was
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6-8 km away, dive times were significantly longer than is typical in shallow
wat er; however, we have no evidence that the |onger dives were indicative of
di sturbance-- the opposite is nmore commonly true. Bowhead sounds were recorded

in the presence of seismc noise, including during the observations 6-8 km

fromthe seisnic ship.

Two snall-scale controlled experinments using a 40 in3 ai rgun operated
froma small boat again indicated sone tol erance, including continued echelon
feeding during the airgun trial at 5 kmon 18 August. Airgun sound |evels
near the whales during these experinments were at least 123 and 118 dB, and
the source level of the airgun is about 222 dB at 1 m Surface times and
bl ows/ per surfacing did decrease significantly during one of the airgun
trials, and bowheads ceased calling during that trial. Further information’
is needed concerning the nature of the whales’ responses to seisnic sounds.

Tol erance by Bowheads of Marine Industrial Operations

It was not possible, in either 1980 or 1981, to conduct controlled
experinmental tests of reactions of bowheads to underwater playback of
recorded industrial noise. However, bowheads were observed in a nunber of
situations that indicated sone degree of tolerance of ongoing industrial
operations--near an artificial island wunder construction and near an
operating drillship. In both of these circunstances, we al so obtained

i nformati on about noise characteristics in the water.

Artificial Island Construction

During our initial flights in 1980 to observe the nornal (undisturbed)
behavi or of bowheads, we found that there were many bowheads near Issungnak,
an artificial island located in about 19 m of water off the Mickenzie Delta
(Fig. 1). During August 1980, Esso Resources Canada Ltd. was building up and
i mproving Issungnak. This operation included a large suction dredge ('’ Beaver
Mackenzie' , described in ‘Methods’), a barge canp (' Arctic Breaker'), 2-4 tug

boats, and 1-2 crew boats. Construction of Issungnak began in 1978 and
continued through the summer of 1979. The island was used as a platform for
exploration drilling during the winter of 1979-80. Encouraging results from

that drilling made it desirable to inprove the island during sumrer 1980 and
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todrill an additional well in the winter of 1980-81. Thus, there had been a

simlar level of activity in this area for three years.

Many bowheads were found during systematic surveys of the Issungnak area
during August 1980 (Table 11). None were seen during the 24 July survey,

whi ch apparently preceded their arrival in this area. In general, nost were
in the northern part of the survey area in water 18 mor nore in depth (Fig.

12, 13). The densities of bowheads observed ‘on-transect’ during the five
surveys in the period 5-12 August ranged from0.028 to 0.055 whales/km2
(Table 11). The somewhat |ower densities of whales seen during surveys for
Esso on 5 and 9 August (0.028-0.031 whales/km2) conpared to those seen during
surveys for BLMon 9, 11 and 12 August (0.042-0.055 whales/km2) were probably
a consequence of the different areas surveyed during the two projects. A

Table 11. (oservations of bowhead whales during surveys of the Issungnak
area, August 1980.

D stance No.

of C osest Seen No.
Nunber Length Bowhead Wt hin Seen
Seen of Area (bserved from 5 km 5-10 km
( on- Survey Surveyed Densities Island of the from the
Date transect) (km*  (km2) (whales/km2) (km)** I sl and*** |sland***
BIM Surveys
9 Aug 35 394 635 0. 055 3.2 7 7
11 Aug 27 306 492 0. 055 10.4 0 0
12 Aug 37 554 892 0. 042 5.5 0 7
22 Aug 23 554 892 0.026 12.0 0 0
Esso Surveys
5 Aug 19 425 684 0.028 4.8 1 4
9 Aug 21 425 684 0.031 0.8 12 11

* In the case of the BLM surveys, the actual length (rather than the
theoretical straight-line length) is given.
*%* The approxinmate distance of the closest bowhead detected by the aerial

surveyors is given; other bowheads that were below the surface or
otherwi se not detected by the observers may have been present.

*%**% | ncludes off-transect sightings.
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hi gher proportion of the area surveyed for Esso was shallow, and few bowheads
were seen there

The | ower density (0.026 whales/km?) recorded during the survey on 22
August probably reflects an actual decrease in the nunber of whal es present
in the Issungnak region; at that tine large nunbers of whales were present
to the east off the Tuktoyaktuk Peninsula, where they had not been present
earlier in August (Fraker and Fraker 1981:69; Renaud and Davis 1981; Wiirsig
et al. 1982). The influx into the area off the Tuktoyaktuk Peninsula in late
August involved at |east several hundred whal es (Renaud and Davis 1981)--far
nore than the nunber found near Issungnak earlier. Thus , it seems clear that
the influx into the Tuktoyaktuk Peninsula area was part of a general novenent
of the population of whales, and cannot be attributed solely to an exodus
fromthe Issungnak area.

Several whales seen during the aerial surveys were quite close to the
i sland construction operation at the Issungnak site. The closest individuals
seen during aerial surveys were within 800 m (Fig. 13). A total of 20
bowheads were sighted within 5 kmof the island during the six surveys in
August (Table 11; Fig. 12, 13). These records probably include sone repeated
sightings of the same animals, but 12 bowheads were seen within 5 km of
I ssungnak during one survey on 9 August. A total of 49 bowheads were seen
within 10 km of Issungnak, including 23 during the 9 August survey for Esso.

Because of the obviously uneven and variable distribution of bowheads
within the surveyed areas (Fig. 12, 13), it is not possible to deternine
whet her there was significant avoidance of (or attraction to) the inmediate
area of construction. Data from 12 and especially 22 August could be
interpreted to indicate some avoi dance of |ssungnak, whereas the BLM data
from 9 August suggest little effect (Fig. 12). Addi tional data from 9
August  suggest that the density of bowheads was higher within a few
kilometres Of Issungnak (Fig. 13). Despite this variability, the results
show that bowheads conmonly did occur near the construction site in August of
1980.

Also, a total of 18 sightings of one or nore whales were reported by

industry personnel working in the Issungnak area in 1980 (Table 12). The



Tabl e 12, Observations by industry personnel of bowhead vhales near Issungnak artificial island, 1980.
Estimated
VWater O osest
Date Nunmber Depth Approach  orientations Observer &
Time of Whales Location (m (km) (true) Remarks Organization
2 Aug 40- 50 69°59'N, 134°25'W 12 0.6 s Whales appeared t0 be trawelling; vessel was the Ed Rehoe
“Inperial Sarpik' ERQL*
3-4 Ag 7-12 Issungnek ar ea 18 0.1 Whales reportedly di d mot seem concernad by boat; P. Harrison
spent time lylng at surface and diving; wvessel was AT
'J. Mattson'.
4 Ang/10:00 8 70°01 'N, 134°18'W 18 0.9 200° Vessel ws the barge canp ‘Arctic Breaker’ B. Cox
ERCI,
4 Aug 19:30  20-30 5 km from Issungnak W N. Sikkens
3or 4 Ay 3 Issungnék ar ea 18 0.016 Whales stayed about 12 h near the barge camp H. Grainger
“Arctic Breder'; one approached to within 16 m ER(L
5 Aug 12 5,69.3 km w of 0.9 Wto N\Wand E  Vhales were diving and may have been feeding; no I. Rainsford
02:00-04:00 Issungnak apparent reaction to ‘Arctic Hooper' 0.9-3.7 km AT,
away
6 Aug 18 9.3 km W of 0.9 w “Arctic Hooper' was 0.9-3.7 km away I. Rainsford
02: 00-04:00 Issungnak ATL
6 Aug/04:00 6 70°01 'N, 134°20'W 20 0.4 w \Whal es appeared t0 be circling the dredge 'Beaver AM. Peters
Mackenzie' 0.4 km away
7 Aug/02:00 4 70°01'N, 134°20"w 20 0.5 090° Whales approached t 0 within 0.5 km of the dredge L. Anderson
%ntimm...

0Tz °2uBqINISTQ



Tahle 12. Continued.

Estimated
Vit er d osest

Dat e Number Depth  Approach  Crientations Cbserver &

Time of Whales Location (m (km (true) Remarks Organi zation

7 Aug/17:00 2 70°01'N, 134°20'W 20 1.6 090° Wial es were 1.6 km fram the dredge ‘ Beaver B. Gojevic
Mackenzie'

7 Aug/19:00 3 70°01'N, 134°20'W 20 8-5.6 090° hales cane within 3.7-5.6 knof the dredge L. Anderson
‘Beaver Mackenzi e’

7 Aug/22:00 1 70°01'N, 134°20'w 20 8-5.6 090° Whale passed by the dredge ‘Beaver Mackenzie' A~ Thorpe
1.8-5.6 km amy

9 Aug/03:00 | 70°01'N, 134°20'w 20 1.8-5.6 090° Whales pagsed by the dredge ‘Beaver Mackenzie’ A Thorpe
1.8-5.6 km away

9 Aug 3 70°01'N, 134°20'W 20 0.5 270° Whale milled and dove in the area, probably I. Rainsford,

01:00-03:00 feeding. Then headed West, past the dredge ATI,
‘Beaver Mackenzie' 2.8 km away

9 Aug/02:15 | 70°01'N, 134°20'W 20 3.7-5.6 090° Whale passed by the dredge 'Beaver Mackenzi e’ A Thorpe
3.7-5.6 km away

10 Aug/13:00 2 70°01'N, 134°20'W 20 3.7-5.6 090° \Whal es passed by the dredge ‘Beaver Mackenzie' L. Anderson
3.7-5.6 km away

18 Aug 4 70°01'N, 134°20'W 19 0.5 180° Vessel was ‘Arctic Pelly', wind was NNE at 20+ A, Fergusson/
knots; 4-6" swells; air tenp. 4“C, snow squalls R Roy, ATL

11 Sept/14:00 | Issungnak ar ea 20 0.6 w Whale approached barge caw ‘Arctic Breaker’ H. Grainger

towthin 0.6 km

ERCL

* ERCL = Esso Resources Canada Limited.
**% ATL = Arctic Transportation Limited,

11Z @doueqanisiq
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sightings were made from the dredge ‘ Beaver Mackenzie', the barge canp
“Arctic Breaker’, and vessels operating in the imrediate vicinity. Most  of
t hese sightings were nade in the first half of August. Several sightings
were reported to be within 0.5 km of the vessel from which the observation
was nmade. One group of 3 whales apparently stayed near the ‘Arctic Breaker’
for about 12 h, with one whale reportedly com ng within about 16 mof the

barge canp.

Sightings by industry personnel and during our systematic surveys
suggest that bowheads were not greatly disturbed by construction activities
in the Issungnak area. W do not know what the industrial sound environment
was during the specific periods when these observations were made. However,
dredgi ng was in progress throughout nost of August 1980. The strongest tone
produced by the dredge (at 380 Hz) has a level of about 109 dB//1 uPa at a
range of 1 km and 97 dB at 5 km (G eene 1982). Thus, at |east sone whal es
appear to tolerate both (1) the physical presence of the artificial islands,

boats, dredge, etc., and (2) the sounds that are produced.
In 1981, bowheads did not occur in |arge nunbers anywhere in the
Mackenzie estuary region, and no fine-scale systematic surveys were done

around the sites where islands were being built in that year.

Presence of Bowheads Near Drillships

On 23 August 1981 from 18:15 to 19:17 we observed a group of at |east
ei ght bowheads about 15-20 km west of ‘Explorer 11', which was at the North
Issungnak site (70°06'N, 134°27'W). These whales were feeding and actively
soci al i zi ng. Echelon feeding was noted. W heard may vocalizations over the
sonobuoy, and we coul d hear sounds of the drillship which was drilling at the

tinme.

At 19:17 we noted anot her group of whales about 4 km fromthe drill-
ship. After dropping a sonobuoy at this location (water depth 28 m, we
observed these whales from 19:34 until 20:20. This group included two
recogni zabl e adults plus a yearling. The adults were involved in social
interactions , and strong noise from the drillship was detected by the

sonobuoy.
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Figure 14 shows the surfacing, respiration and dive time data from these
observations (see Appendix 7 for details). It nust be recognized that these
are uncontrolled data derived fromonly a few whal es. Di fferent individual
whal es were observed in the two situations, and drillship noi se was detected
by sonobuoys at both |ocations. Blow intervals were sinmlar for the two
groups of whales (Fig, 14; t = 0.46, df = 125, p>0.5). However, surface tine
per surfacing, nunber of blows per surfacing and dive tines were all nuch
longer at 4 km than at 15 km from the drillship; the difference was

significant in each case:

Surface tinmes t =2.35 df = 25.7 0.02<p<0.05
Bl ows/ surf aci ng t = 2.96 df = 21.0 0.001<p<0.01
Dive tines U=0 n 11, 5 p<0.002
Here, t' is the Student’s t statistic assum ng unequal variance (Johnson and

Leone 1964), and U is the Mann-VWitney U statistic. W al so conpared the
results obtained fromwhales 4 kmfromthe drillship with those from all
‘presumably undi sturbed” whales seen in water 16-30 mdeep (cf. Table 4 in
Wiirsig et al. 1982). Bl ows/ surfacing and dive tinmes were significantly
greater 4 kmfromthe drillship, Whereas blow intervals and surface tines did

not differ significantly.

In the absence of pre- or post-drilling control data fromthe sane
i ndi vi dual whales, it is inpossible to determne whether the above-noted
differences were a result of the drillship's presence or sone other factor.
Unfortunately, this was the only occasion in either 1980 or 1981 when we were

abl e to observe bowhead behavior within a few kilometres of a drillship and
in the absence of other potential sources of disturbance. However, numerous

whales including at |east two calves were observed about 8 km west of

“Explorer 11" on 24 August 1981; these whal es were exposed to boat noise as
wel |l as drillship noi se. Some echel on feeding was observed. W also found
sone bowheads 15-20 km west of ‘Explorer |I’ during a grid survey on 13

August 1981, and numerous bowheads in that area from about 18 to 23 August
1981 (wiirsig et al. 1982: Table 2). Bad weat her prevented flights on 14-17
August; bowheads may have been present 15-20 kmfromthe drillship throughout
that period.

I ndustry personnel reported sightings of bowheads near the drillships

"Explorer IV and ‘Explorer Ill" on several occasions from md-July to early
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August 1980. The distance of the whale(s) fromthe drillship was estimated

for seven of these sightings as 0.2-5 km Five of these seven sightings were
at the Done Orvilruk drilling site (70°23'N, 136°31'W).

The strongest tonal sound recorded fromthe ‘Explorer |1’ during
measurements at North Issungnak on 6 August 1981 was about 278 Hz. Its
levels at distances of 1, 4 and 8 kmfromthe drillship were about 121, 111

and 102 dB//1 pPa (G eene 1982).

In summary, bowheads sonetines approach within a few kilometres oOf
drillships, where they engage in both feeding and socializing. It is not
known whet her numbers per unit area are |ess near drillships than el sewhere.”
Al'so, it is uncertain whether the drillship ‘Explorer Il
the behavior differences that we noted on 23 August 1981 between whal es at
ranges of 15 and 4 kmfromthe drillship.

was responsible for

DI SCUSSI ON

Reactions of Bowheads to Boats

Boats and ships are the npst w despread source of potential disturbance
to which bowheads are exposed on their summering grounds in the eastern
Beaufort Sea. Some western arctic bowheads also encounter marine traffic
during their fall migration north of Al aska and possibly el sewhere en route
towintering grounds in the Bering Sea. Boats are a source of potenti al
di sturbance during exploration and devel opnent in |ease areas off northern
Alaska, and interactions may be especially probable when work extends to
wat ers deeper than a few nmetres. Bowheads currently are rarely exposed to
marine traffic on their wintering grounds or during spring mgration, except
for an occasional icebreaker. Shipping is a major source of potential
di sturbance because ships are mobile, relatively numerous, and often quite

noi sy.

Bowheads respond at least mldly to boats even when they are at a
consi derabl e distance. One of us (BW) has observed the reactions of both
bowheads and gray whales to boats; bowheads are considerably nore sensitive.
When the engines of the ‘Inperial Adgo’ were idling but disengaged fromthe



Di st urbance 216

propellers, whales at a distance of 3-4 km responded even though the boat
remai ned stationary. The nmean surface tine per surfacing becanme shorter and
its variability increased (Fig. 4). The large nunber of observations nmde at
closer range fromthe 'Adgo' itself indicated that the boat had no ngjor
effect while it remained silent, even when it was within 900 m However,
when its engines were idling, the whales tended to orient away (Fig, 3).

On 27 August 1980, while the 'Adgo' renmined stationary 3-4 km away
fromthe whales with its engines idling, the responses must have been to the
boat’s underwater sound. For frequencies bel ow 500 Hz, the sound |evels
received by a sonobuoy near the whal es were above | ow anbi ent |evels by about
15-25 dB, and above higher anbient |levels by about O5 dB (Greene 1982:
Figs . 5 and 6 vs. 10). For frequenci es 500-2000 Hz, the received |evel was
about 5-20 4B above anbient |evels. Mbst bowhead phonations are bel ow 2000
Hz (Ljungblad et al. 1982; Wiirsig et al. 1982), and presumably the whales can

hear well in this range.

It is possible that the response of the whales to the noise of the
idling engines resulted fromthe novelty of the situation, i.e. the sudden
onset of the noise after the boat had remained silent for some tine.
Bowheads showed considerabl e tol erance of ongoing noise from seismc surveys,
dredges and boats, and thus it is possible that bowheads would habituate to

the continuous sound of a boat’s idling engines.

When boats were noving within 1-3 km of bowheads, the whal es reacted by
spending significantly briefer periods at the surface and by quickly noving
away. The decreased | engths of surfacings were noted during the, ‘Adgo’
experiment on 27 August 1980 (p<0.001), the ‘Sequel’ experinent on 25 August
1981 (p<0.025), and the ‘Arctic Surveyor’ observations on 23 August 1981.
The nunmber of respirations per surfacing was al so reduced or unusually |ow
during each of these occasions. Furthernore, dives tended to be briefer when
a boat was nearby on the two such occasions when dive tines could be recorded

(the ‘Sequel’” and ‘Arctic Surveyor’ incidents)

(bservations from the *Adgo’ showed that bowheads tended to orient away
fromthe boat even when it was sonewhat nore than 900 maway (Fig. 3). For
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whal es <900 m from the ‘Adgo’ the orientation away was nore pronounced when

the boat was traveling than when its engines were idling.

Whal es that were directly in the path of a boat initially attenpted to
outrun it. This orientation away from the boat took place as the vessel cane
within 0.8-1 km during the 'Adgo' and ‘Supplier |V encounters in 1980, but
at 2-3 kmduring the ‘Arctic Surveyor’ and ‘Sequel’ encounters in 1981. This
difference does not seemto be attributable to the size of boat and the
associ ated strength of the boat noise; ‘Adgo’ and ‘Sequel’ are both snall
vessels, and ‘Supplier IV and ‘Arctic Surveyor' are both nuch |arger. One
possi bl e explanation is that the whal es observed near boats in 1981 were
affected not only by boats, but also by other industrial activities going on
nearby before and during the close approach by a boat (seismc exploration
near ‘Sequel’; drillship near 'Arctic Surveyor').

As a boat approached to within a few hundred netres, the whales usually
turned and swam perpendicular to the boat’'s path. However, the animals
sometimes dove or turned directly in front of the boat at a distance of 100 m
or less. On one occasion, the ‘Supplier IV encounter, the highly directed
novenent away fromthe boat’s track ceased before the boat had travelled 1 km
past the whales, and the whales were still in the area 3 h later. However ,
on two other occasions, the ‘Arctic Surveyor’ and ‘Sequel’ encounters |,
bowheads continued to nove perpendicular to and away from the boat's track
when the boat was about 1.5 km beyond the whal es. Even then there was no
i ndi cation that the whal es noved out of the area. By the time that the
“Sequel” was 5.6 km past the whales, they had stopped traveling and were
mlling.

Al t hough bowheads probably do not |eave an area after a close approach
by a boat, the disturbance effect may |inger for a considerable period.
Orientations of bowheads observed 15-45 min after the ‘Supplier IV passed
were significantly different from those before the disturbance (Table 4)
Also, when the 'Adgo' passed a group of whales, their inter-individua
di stances increased significantly (p<0.00l). This effect persisted after the
'Adgo' was >4 km away (Fig. 5). In contrast, Norris et al. (1978) reported
that porpoises reacted to tuna boats by tightening the group structure.
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Level s of boat noise at the distances where bowheads reacted strongly
(e.g. 200-1500 m) were quite high. However, caution nust be exercised in
conparing the noise characteristics of the various boats used or observed,

given the sonetinmes inprecise estimates of range and the variable |ocations
and water depths where their sounds were recorded. At a distance of 200 m
noi se fromthe 'Adgo' was about 30-40 dB above | ow anbient levels and 10-20
dB above higher anbient levels for nobst frequencies bel ow 500 Hz, and about
5-40 4B above anbient at 500-4000 Hz (G eene 1982: Figs. 5 and 6 vs. 8). If
we assume that the 'Canmar Supplier 1V produces sounds at |east as strong as

those nade by the ‘Supplier VIII', we can nmake sone statenents about the
sounds probably received by the whales that were disturbed by the ‘'IV.
“Supplier VIIl" is simlar in size to ‘Supplier IV, but has |ess powerful
engi nes (2200 vs. 7200 shp) and a |l ower normal speed (19 vs. 26 km h). Qur
recordings of the ‘VIII' were nade at an estimted range of 185 m This is
simlar to the range at which the ‘IV passed the closest whales on 19 August
1980. The strongest sound of the ‘MIII' (56 Hz) was received at about 121

dB//1 pPa, which was alnmpst 10 dB greater than the strongest sound (113 dB at
90 Hz) recorded from the 'Adgo', a smaller vessel, at a simlar range.

None of these vessels were nearly as noisy as the hopper dredge
'"Geopotes X when it was traveling. Indeed, at frequencies bel ow 350 Hz,
the noise level 7.4 kmfromthe 'Geopotes X was higher than that about 0.2
kmfromthe ‘ Adgo (G eene 1982: Fig. 8 vs. 17). Unfortunately we had no
opportunities to study the behavi or of bowheads near the 'Geopotes X when it
was traveling. It would be useful to know whet her bowheads woul d react as
strongly to the 'Geopotes X at a range of 7.4 km as they do to the 'Adgo' at
0.2 km In this regard it may be noteworthy that Watkins et al. (1981)
mention that feeding by humpback whal es was not disrupted by passage of a
large oil tanker within 800 m On the other hand, Jurasz and Jurasz (1979)
believe t hat hunpbacks are negatively affected by boat traffic, at |east when
exposure is repeated.

Qur observations of reduced surface and dive durations during
encounters with boats are generally consistent with previous accounts of the
reacti ons of baleen whales to boats. Ray et al. (1978) reported that the
nmean surface and dive tines of a fin whale being chased during a tagging
operation decreased. The nean surface tine dropped from 2.43 nmin to 0.87 nin
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during the chase (which lasted 55 rein) and to 0.81 nmin on the next day (13 h
later) . During the chase, when the whal e was undoubtedly exerting itself
very greatly, the down tine was reduced by about half, from6.33 mn to 3.46
mn. The next day the length of the down time increased to the pretreatment
level, but the tine at the surface remained at the sane reduced |evel as
during the chase. (However, Ray et al. carried out their aerial observations
froma piston aircraft at an altitude of 152 m thus the aircraft also may
have influenced the whale's behavior.) The observations detailed by Ray et
al. are consistent with the behavior of whales being chased by whal e catcher
boats, as described by Omrmanney (1971). However, Jurasz and Jurasz (1979)
noted that dive times increased when hunpback whal es were approached by
vessels in dacier Bay in southeast Al aska; surface tines were not
reported. In summary, in the presence of boats bal een whal es consistently
reduce their time at the surface per surfacing, but may either reduce or
increase their average tinme below the surface per dive. Bowheads, |ike the

fin whal e observed by Ray et al., had reduced dive as well as reduced surface
ti mes when boats were nearby.

At least in 1980, the overt novenent of bowheads away from noving boats
did not begin until the boats were within 1 km Thus , some of the bowheads
that we observed exhibited sone degree of tolerance of ship noise; they did
not begin to nmove away from the noise source until the vessels approached
quite closely. The noise was presumably audible to these whales well before
they first began to nove rapidly away. (This is denobnstrated by the fact
that surfacing and respiration patterns were altered subtly in response to an
idling vessel 3-4 kmaway.) Oher workers have al so reported sone degree of
tol erance of boats by various bal een whales (e.g. Bogoslovskaya et al. 1981
Watkins et al. 1981), and even attraction to boats in certain cases (Winn and
Perkins 1976, Dahlheim et al. 1981). Fraker (1977a) also concluded that
white whales exhibited sone tol erance of vessel sounds. However, white
whal es in shallow water responded at a range of about 2.4 km by noving away
from barges pushed by tugs; this range is greater than the range observed for
bowheads in our 1980 boat encounters, but simlar to the range observed in
1981.

In summary, on at |east some occasions, bowheads react to boats at
di stances of several kilometres when the boats are producing noise. Wien a
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boat approaches to within 1 km and sonetinmes to within 3 km the whales nove
away fromthe boat. However, we found no evidence that bowheads vacated any
area where they had been disturbed by a boat; the ‘flight’ response seenmed to
be of brief duration. \hether frequent or continuous boat disturbance would
ultimately cause bowheads to vacate an area or would |ower their reproductive

fitness is unknown.

Reactions of Bowheads to Aircraft

Whal es that were circled by our Islander aircraft flying at an altitude
of 305 m ASL usual ly dove (Table 6). W cannot anal yze the response in any
rigorous way, but the correlation between the presence of the aircraft
circling overhead at 305 m and the whales’ diving was clear to the
observers. Bowheads only occasionally dove precipitously when overflown at
an altitude of 457 m and did not” do so when overflown at 610 m. Conparison
of observations from the I|slander at various altitudes suggested that nean
bl ow i ntervals and surface tinmes sonetimes were reduced slightly when the
aircraft circled at lower (e.g., 305 nm altitudes.

This experience is consistent, in part, with LG experience in circling
bowheads in Twin Cter aircraft. The Twin OQtter (300 series) 1is slightly
larger than the Islander (wing span 20 vs. 16 m length 16 vs. 11 m gross
wei ght 5700 vs. 3000 kg), but the nost inportant difference may be that the
Twin Qtter has two small turboprop engines (PT6A series) whereas the Islander
has two piston engines (Lycoming 10-540 series). On several days in August
and Septenber 1981, bowheads in the eastern Beaufort Sea were circled by a
Twin Oter at altitudes of 457-610 m for purposes of behavioral observations
(Davis et al. 1982). There was little evidence of reactions to the
aircraft. When circled or overflown by a Twin Qter at 305 m bowheads
sonetimes do dive precipitously (Fraker unpubl.). In the eastern Canadian
arctic, bowheads overflown by a Twin Oter at 90 m al nost al ways dove but
those overflown at 150 musually did not dive during the first pass (W.R.
Koski, LG Ltd., pers. comm.). Ljungblad et al. (1980) and Ljungblad (1981)
found indications that sensitivity to aircraft varied with |ocation, season

or both.
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The above experience suggests that bowheads are more sensitive to
aircraft than are at |east sone other bal een whales. Wat ki ns and Schevill
(1976, 1979) reported good success in observing the apparently undisturbed
behavi or of right, hunpback, sei and fin whales fromsnall, single (piston)
engine aircraft at altitudes of 50-300 m During detailed studies of the

southern right whale, R Payne (New York Zool ogi cal Society, pers. comm.) has
found that a light aircraft with a single engine (piston) disturbs very few

i ndividuals when it is flown above 100 m Payne had an independent check on
the effects of the aircraft from observations nade from shore.

Most of the response of bowheads may be attributable to aircraft sound
that is transmitted fromthe air into the water. Urick (1972) indicates that
this transfer can take place under sone circunstances with a loss of only 7
a8 . In this study we found that, at |east on near-cal m days, considerable
aircraft sound entered the water and was received by our hydrophore when we
measured the sounds of the Islander, a Twin Oter, and a Bell 212 helicopter
(Geene 1982).

In the case of the Islander aircraft, tonal sounds at frequencies
corresponding to the propeller blade and cylinder firing rates were proninent
in the received spectrum Level s received at the hydrophore were as high as
102 dB//1 pPa at 70 Hz, averaged over the 4-s period of npbst intense sound,
this and sounds at other low (<1000 Hz) frequencies were 1030 dB//1 pPa2/Hz
above quiet anbient levels (Geene 1982: Fig. 5 vs. 18-20). As aircraft
altitude increased, there was a decrease in the noise level during the 1 s

period with maxi mum aircraft noise. However, aircraft noise was detectable
for a longer period when the altitude was high than when it was |ow In part

because of these two factors, the average |evels recorded over 4 s or 8 s
periods were rather simlar for all altitudes in the 152-610 mrange—-92 to
102 dB//1 pPa for the 70 Hz tone (Greene 1982). The nore pronounced reaction
of bowheads to the Islander when it was at low altitude nmight be a function

of the higher peak |evel when the aircraft is low, or of the nore sudden
onset of the peak noise, or perhaps a conbination of the two.

Broadband sound | evels from the TwWin Oter were simlar to those from

the Islander at |ow frequencies (<150 Hz). Above 150 Hz, broadband |evels
fromthe Twin Qtter were typically a few dB higher than those fromthe
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| sl ander. The tonals were at different specific frequencies, and the
strongest tone fromthe Twin Qtter was nore intense than the strongest tone
from the Islander (G eene 1982). Spectrographi ¢ anal ysis showed that the

spectrum of the Twin Qtter was nore stable from noment to nmoment than was the

spectrum of the Islander (Geene 1982: Fig. 20 vs. 22).

Unfortunately, we were not able to observe the reactions of bowheads to
helicopters, which are the types of aircraft involved in nost of the offshore
flying in support of oil and gas exploration and devel opment. However, our
recordi ngs of noise froma Bell 212 helicopter showed that its noise was
consi derably nmore intense than was the noise fromeither the Islander or the
Twin Gter (Geene 1982). This was true across all frequencies analyzed,
with the exception of a few tonals. The strongest recorded tone was at about
20 Hz, and was probably attributable to the main rotor. The 20 Hz tone was
no stronger than the strongest tone in the spectrumof the Twin Oter.
However, nany nore tones were present in the helicopter noise spectrumthan
in the Twin Otter spectrum  These results suggest that bowheads would react
more strongly to a helicopter such as a Bell 212 than they do to fixed-w ng

aircraft. However, it is noteworthy that during five flyovers at 152-610 m
ASL and 185 kmih, the helicopter noise was only audible on our tape for 16-27
s per pass (Geene 1982). Thus bowheads woul d not be subjected to intense

noise for a prolonged period when a helicopter makes a single pass overhead.

Reacti ons of Bowheads to Seisnic Exploration Noise

The inpulsive sounds from seismic exploration are by far the nost

intense sounds in the Beaufort Sea, although each inpulse is of short
duration. Thus it was of special inportance to exam ne the behavior of

bowheads in the presence of seisnmic signals, and to determ ne whether
bowheads tend to avoid the areas around the ships that create these inpulses.

On two occasions we observed the behavi or of bowheads near an active
seismc ship. On these occasions, at distances of 13 km and 6-8 km from the
ship, there was no cl ear evidence that behavior was disrupted or that the

whal es were |eaving the area. It is possible that surfacing and respiration
characteristics were slightly altered, but the evidence was inconclusive.
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Recei ved noise levels at these distances were about 141 and 150 dB,
respectively. Bowhead calls were recorded on the latter occasion, and
bowhead calls were also recorded in the presence of distant seisnm c noise on
several other days (Wirsig et al. 1982: Table 5). I ndustry personnel report
that bowheads sonetimes approach considerably closer to seisnmic ships than we
have observed (see Results).

In general, wuncontrolled observations of bowhead behavior 6-8 km or nore
fromfull-scale seismc operations revealed no clear effect on the whales.
However, these observations nust be treated with caution because we have no
data fromsituations that differed only by the absence of seismc noise.
VWile there was no conclusive evidence that surfacing and respiration
behavi or was unusual in the presence of full-scale seismc noise, there were
some differences from behavior during the nost closely conparable
“undi sturbed” conditions. These differences nmay or may not have been
attributable to the seisnic operations.

The results fromour two airgun experinents are nore readily inter-
preted, because in those cases pre- and post-airgun observations of the sane
whal es were obtained. In the 18 August 1981 trial involving whales that were
echelon feeding 5 km from the airgun, there were clear effects on surfacing
respiration and calling behavior and possibly on group size. However, the
whal es remained in the area and continued to feed during the period of airgun
noi se. During the 19 August 1981 trial only 3 kmfromthe airgun, we
detected no statistically significant effects, although trends in surfacing
and respiration behavior during the pre-airgun, airgun and post-airgun phases

were simlar to those on 18 August (Fig. 11).

The | esser apparent effect when the airgun was 3 km away than when it
was 5 km away was unexpected. Possibly the whales were less sensitive to the
noise in the 3 kmtrial. At least tw reasons for reduced sensitivity in the
3 km experinent can be suggested, but the first of these can be discounted.
(1) Their behavior during the pre-airgun phases of the two experiments was
very different: the whales were feeding just below the surface in highly
organi zed echelons before and during the 5 kmtrial, but were diving deeply
before and during the 3 kmtrial. |If the depth of dives were the determning
factor, then one would have expected a stronger, not a weaker, response in
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the 3 kmtrial. Because of the pressure rel ease phenonenon at the surface,
| ow-frequency sounds are received nore strongly at md-water depths than near
the surface at the same horizontal range. (2) Another possibility is that
habi tuation had occurred. The 3 km experinment was done at the same |ocation
(within 1 km) as the 5 km experinent, and only 18.5 h later. The whal es
observed in the 3 km experinent may well have been nearby during the

preceding 5 km experiment.

The apparent difference between our results 5 kmfromthe airgun and
8-13 km from full-scale seismc ships is also consistent with the possibility
that habituation occurs. Clear reactions to the airgun at 5 km range were
evident, whereas there was little evidence of reaction to the full-scale
seismc ship at 8 or 13 km W are confident that sound levels 5 km from the
one airgun were less than those 8 and even 13 km from the seismc ship, but
we have no precise information on this point. W suspect that the reactions
to the 20 min period of airgun noise were at |east partly in response to the
start-up of a novel stimulus. The whales observed near the seismc ship had
presunably been subjected to intense noise for a considerable period before
our observations began. It is possible that their behavior was nore
seriously affected before we began to observe.

In considering the apparent tolerance by these whales of the presence of
intense seismc exploration sounds, it may be inportant to consider the
| evel s of sounds to which the bowheads m ght be exposed naturally. One

probabl e source of |oud sounds is the bowhead itself, and ot her bowheads.
Intensity levels for bowhead whal e sounds have been estimated to be between

135 and 145 dB//1 pPa at 100 m (Clark and Johnson in prep.), which translates

to source levels of 175-185 dB at 1 m assum ng spherical spreading. These
estimates are simlar to those estimated (Cummngs et al. 1972, 172-187 dB)
and nmeasured (C ark, unpubl., 181-186 dB) for the closely related southern

ri ght whal e. Buck and Greene (1979) also reported that sounds up to 200 Hz
associated with ice pressure ridge activity were produced over several

mnutes with source levels as high as 136 4B.

The fact that baleen whales ‘tolerate’ |oud sounds produced by ice, by
t hensel ves or by conspecifics indicates that they can tolerate certain very
| oud noi ses. However, this specul ation cannot be extended to concl ude that
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any such capacity is unlimted, or to conclude that there is no concern about
the possible masking of inmportant environnmental or communication sounds by

i ndustrial noise.

One nust be very cautious in interpreting our few observations of
bowheads in the presence of full-scale seismc exploration sounds, since it
was not possible to nmake before- or after-disturbance ‘control’ observations,
and since we did not observe the behavior of these ani mals when they were
first exposed to the noise. W found detectable changes in bowhead behavior
when a single airgun with source | evel about 222 dB//1 uPa began to fire 5 km
away. A full-scale airgun array can have a source |evel of about 248 dB
(Ljungblad et al. 1980; Johnston and Cain 1981). Its signals at “19.5 km
range woul d equal those of our one airgun at 5 km, assuming that propagation
| oss rates equal those of seismc signals studied by Geene (1982:Table 4).
Thus , detectable changes in bowhead behavior mght sonetimes occur at
di stances of 20 kmor nore fromfull-scale seismc operations, at |east when
they first begin after a period w thout seismc signals. In deep water,
where propagation |losses would probably be less rapid than in our study area
the ‘start up’ effect might occur at even greater ranges

Presence of Bowheads near Drillships

Drilling in the Alaskan Beaufort Sea will be from artificial and natura
islands, at least initially. Unfortunately, drilling from artificial islands
was not in progress in our study area during our two field seasons. Thus we
coul d not observe the reactions of bowheads to such an operation, nor could
we record the noise emanating into the water. Measurenents of waterborne
drilling noise fromislands in the A askan Beaufort Sea in wnter indicate
that the sound does not propagate very far (Malme and Mlawski 1979).
However, this result does not necessarily apply in the open-water season,
when propagation conditions are different and when bowheads are present.
Propagation is also likely to be better fromislands in deeper water.

In 1980, industry personnel reported several sightings of bowheads at

estimated distances of 0.2 to 5 km from drillships. |In 1981, we found that
bowheads were present for several days 8-20 kmfroma drillship, and on one

occasi on we observed three whales, including a yearling, only 4 kmfromthe
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ship. Curiously, the blows per surfacing and dive time values 4 kmfromthe
ship were greater than nornmal, and greater than those of another group of
whal es 15 km from the drillship. (In the cases of boat and airgun
di sturbance, these values are reduced, .not increased.) However, in the
absence of control data from the same individual whales, no detailed analysis

is possible.

The drillship near which our observations were made produced
consi derabl e noise while drilling. The strongest tonal sound was at about
278 Hz. Its levels at distances of 1, 4 and 8 km were about 121, 111 and 102
dB//1 pPa (Greene 1982), and a relatively strong tonal believed to be from
this drillship was detected at a range of 13 km on one occasion. In
contrast, Malme and Mlawski (1979) observed |ow frequency tones from a
drilling operation on an icebound island to ranges of 6.4-9.6 km under |ow
anbient noise conditions, and to only about 1.6 km under high noise

condi tions.

Qur observations show sone degree of tolerance of drillship operations
but the meagre and uncontrolled data are at best prelimnary. It is also
uncertain how rel evant these observations near drillships nay be to the
question of bowhead reactions to drilling on islands. Propagation of sound
fromthese two types of drilling operations into the water probably is quite
different. Also, buoy tenders and other boats are often active around
drillships, SO boat noise (additional to drillship noise) is likely to be
nore frequent near a drillship than near a drilling site on an island. It
woul d be desirable to obtain measurements of drilling noise propagation from
islands in open water, and to observe the reactions of bowheads to a real or

simul ated operation of that type.

Presence of Bowheads Near Artificial |sland Construction

A substantial nunber of bowheads were present near Issungnak artificial
island in August 1980 (Table 11; Figs. 12, 13). Most of the whal es were

north of the 18-m isobath, which extends approximately east-west past
Issungnak. During aerial surveys, several whales were seen within 5 km of

the island and 2 were within 0.8 km  Wyrkers in the Issungnak area reported
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several observati ons of bowheads; one bowhead was reportedly only 16 m from
the barge canp (Table 12).

The recordings of conposite sounds produced by the dredge and auxiliary
equi pnent (barge canp, tugs, etc.) show that the sounds in the Issungnak area
were wel |l above quiet anmbient levels out to a range of at least 4.6 km north
of the dredge, especially at frequencies below 2000 Hz (G eene 1982: Fig
33). Comparison of received sound levels at various distances indicated that
propagation of the construction noises, at least to the north into deeper
water, was quite good. The sounds received at 4.6 km from the dredge were
10-20 dB higher for frequencies below 8000 Hz than the sounds received 3.7 km
from the ‘lInperial Adgo’ when her engines were idling. Becau'se bowheads
appeared to respond to the less intense sounds fromthe ‘Adgo , it seens
certain that the sounds fromthe island construction operation were audible
to bowheads within 5 km of |ssungnak, and--at least to the north where the
water was deeper--probably for some considerable distance beyond that.
Measurenents of the sanme dredge at Alerk |Is land in 1981 show that
consi der abl e noi se propagated to a range of 7.4 kmin the somewhat shal | ower
water in that area (Geene 1982: Fig. 37)

G ven the uneven and apparently depth-dependent distribution of bowheads
in the general area around Issungnak (Figs. 12, 13), there were too few
sightings during the surveys to determ ne conclusively whether there was any
tendency for fewer bowheads to occur there than in other simlar areas. The

decrease in abundance of bowheads near Issungnak in the latter half of August
1980 probably reflected a general eastward shift in bowhead distribution at

that tinme (see Renaud and Davis 1981; Warsig et al. 1982) rather than any
direct reaction to disturbance

The presence of numerous bowheads in the Issungnak area in 1980 was
surpri sing. Fraker (1978) and Fraker and Fraker (1979) conducted surveys in
this area in 1978 and 1979. These surveys were simlar to those conducted in
the present study except that the spacing between survey lines was 9.6 km
(instead of 3.2 knm), and the surveys extended somewhat farther east, west and
north (to 64 km of fshore). Surveys were flown on 26 and 29 July and 2 and 8
August in 1978, and on 21 July and 2 and 8 August in 1979. During these
surveys there were only 3 observations of a total of 5 bowheads in 1978 and 1
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observation of a single bowhead on 8 August 1979. Considering only the
August surveys, the recorded densities of bowheads were 0.00045, 0.00045 and
0. 038 whales/km2 in 1978, 1979 and 1980, respectively. I ndustry personnel

reported 8 sightings of a total of 63 whales in 1978, only 2 sightings of a
total of 7 individuals in 1979, and 18 sightings of 136 individuals in 1980

(Table 12*). These results suggest that there were nmajor differences in

distribution anobng years.

In 1981, few bowheads approached the Issungnak area. From about 18 to
25 August we found bowheads within 25 kmto the west or southwest. However,
on other dates in 1981 few or none were seen near Issungnak, and we never saw
bowheads near the dredging operation at Alerk in 1981. Systematic surveys of
the entire southeastern Beaufort Sea were conducted fromlate July to early
Septenber 1981 (Davis et al. 1982), and they--like the present study--showed
that bowhead distribution was quite different fromthat in 1980. 1t is not
known whether this had any connection with the industrial activity in the
area where bowheads were so nunerous in 1980. However, relative to nunbers
present near Issungnak in 1980, bowheads were nmuch | ess nunerous there in
1978-79 as well as in 1981. Thus , year-to-year fluctuations in the summer

distribution of bowheads nay be common irrespective of industrial activities.

Concl udi ng RemarKks

This study was designed to determine, by experinental and observational
approaches, the immediate behavioral reactions of bowheads to potential
sources of disturbance. Unanbi guous behavioral reactions were found to each
of the types of potential disturbance that we presented to bowheads (boats,
aircraft at |ow altitude, ai rgun noise). Each of these incidents involved
the introduction of a type of disturbance to which the aninals had not been
exposed in previous hours. W have not yet been able to test the reactions
of bowheads to start-up of a dredge or drilling operation, but we observed
some degree of tolerance to ongoing seisnc exploration, dredging and
drillship operations. Al of these activities produce considerable

* Table 12. lists only sightings made in the Issungnak area and, in contrast
to the data for 1978 and 1979, onmits additional sightings nade el sewhere,

thus under-reporting the 1980 results. Where the nunber of bowheads in a
sighting was given a range (e.g., 20-30), the smaller nunber was used.
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underwat er noi se (G eene 1982). Indeed, the airgun to which reactions were

observed probably produced |ess noise at the whales’ location than did
full-scale seismic exploration, to which no unanbiguous reactions were
found. Bowheads swam rapidly away from approaching boats for a brief period

but there was no evidence that bowheads noved out of the general area in the

mnutes or hours follow ng any of the above types of short- or |onger-term
di sturbance.

Qur observations to date suggest that bowheads are quite sensitive to
novel types of disturbance, but soon habituate to sone degree. After initia
exposure and habituation, they apparently tolerate some industrial activities
that produce quite intense sounds. Qur data suggest that this tolerance
extends over periods of at |east several hours in the case of seismic noise
and probably for at least a few days in the case of distant dredging or
drilling sounds. To further determi ne whether habituation is an inportant
factor in this tolerance of dredging and drilling noise, it will be inportant
to perform controlled tests of the reactions of bowheads at the onset of such

operati ons.

W have no direct information about the longer termeffects of offshore
industrial operations, or of repeated encounters with boats or aircraft.
Long term effects are nuch less anenable to study than are imediate
behavi oral responses. One could argue that the effects nust not be too
severe because bowheads continue to return to the southeastern Beaufort Sea
each sunmmer despite offshore seisnmic exploration there for many years,
artificial island construction for a decade, and drillship operations for six
years. A further indication of their long-termtol erance of disturbance is
the fact that they continue to mgrate each year through the Al askan waters
where sone individuals are chased by hunters, and in some cases wounded or
killed. On the other hand, one nmust question whether the denonstrated
year-to-year variability in bowhead distribution and nmovements within the
sout heastern Beaufort Sea region over the 1978-81 period has any connection
with the intense offshore industrial activity in that region during that

peri od.

Whet her or not bowhead distribution has been affected by offshore oil
and gas exploration so far, the fact that sone bowheads ‘tolerate’ the
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di sturbance over a prol onged period does not prove that they are unaffected.

Studies in other types of manmal s suggest that stress-inducing factors my
have inmportant physiol ogical and popul ation effects (Christian 1971; Selye
1973; Geraci and St. Aubin 1980). A brief behavioral study on free-ranging
animals can provide inmportant information about short- and nediumterm
behavioral reactions, but it cannot address questions about |ong-term or
physi ol ogi cal effects. Unfortunately, even in nmammal species that are nore
anenable to study, stress effects at the population level are poorly

docunent ed.

There are other approaches that would be useful as a supplenment to the
behavi oral approach that we have enphasi zed to date. The fact that nmany
bowheads are individually recognizable via distinctive natural narkings
(Davis et al. 1982; wirsig et al. 1982) provides one as yet unused tool for
| ong-term studi es of reactions of individual bowheads to disturbance. W
have now started to accurmulate information about the |ocations, conpanions
and behavior of specific individuals at specific tinmes. Radio telenetry
woul d permit tests of the reactions of an individual to repeated aircraft or
boat di st urbance. When sufficiently refined, radio telenetry night also

provide the neans for recording certain physiological data on a long-term
basis on free-rangi ng bowheads that were subjected to disturbance. The

latter technique has recently been enployed to advantage in studies of the

reactions of terrestrial mammuals to disturbance (e.g., MacArthur et al.

1979) .

There has been nuch recent concern about the possibility that noise from
of fshore industrial operations will interfere with acoustic conmunication
anong bowheads (e.g. Peterson [cd.] 1981). In deep waters of the eastern
Canadi an arctic, intense ship noise or other continuous sounds may propagate
very long distances and could mask bowhead conmunications within a large area
(Mghl 1981; Terhune 1981). 1In the shallow waters of the southern Beaufort
Sea industrial noise may not be as severe a probl em because of the nore rapid
attenuation with increasing distance. Nonet hel ess, naski ng coul d occur
within certain areas. Furthernore, we have already found indications that
bowheads reduce their rate of calling in the presence of industrial noise
(C.W. dark, in wWirsig et al. 1982; also see airgun results above). Most
bowhead sounds are at frequencies below 1000 Hz, and especially at
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frequencies of about 75 to 400 Hz. This is also the band containing nost of

the nmore intense industrial sounds (Fig. 15).

These consi derations suggest that an understanding of the inportance of
various types of bowhead sounds is critical for an assessnent of the

long-tern effects of offshore industrial operations on bowheads. W and
others have documented the various types of bowhead sounds, and we have begun
to learn their contexts and possible functions (Wirsig et al. 1982).
However, our understanding of the latter topic is still rudinmentary because
of the difficulty in associating particular recorded bowhead sounds wth
particul ar ani mal s whose behavior is under observation. This line of study

is also one that should be pursued.

The question of the applicability of our results to Al askan waters has
been rai sed. Qur data were obtained in the southeastern Canadi an Beaufort
Sea in August and early Septenber, when bowheads are feeding, socializing
and, on an intermittent basis, traveling considerable distances. The
behavi or of bowheads in the Al askan Beaufort Sea in September and Cctober
appears very similar (Braham et al. 1977, Ljungblad et al. 1980; Lowy and
Burns 1980; Ljungblad 1981 and pers. comm.; LG Ltd. wunpubl.). It is
incorrect to say that bowheads feed in summer and migrate in autumm; they do
both in both seasons. Furthernore, sonme of our results, especially wth
regard to aircraft disturbance, were obtained in early Septenber near
Herschel Island, Y.T., which is only 75 km from the Al askan border. Al though
corroborative studies in Alaska in autum woul d be desirable, we consider it

unlikely that reactions there will differ appreciably from those described in
this report.

The applicability of our results to the winter and spring migration
periods is less certain. Mvenments of bowheads and propagation of sounds are
affected by ice at those seasons. This may affect the reactions of bowheads.
Despite the logistical difficulties, studies in those seasons would be
desirable with regard to potential offshore industrial activities that may
occur in the Bering Sea in winter or along the spring mgration route in the
Bering, Chukchi or Beaufort seas.
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1982) for nore details.
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Appendi x 1. Orientations of bowhead whales observed from the ‘lInperial Adgo'
on 23, 24, 26 and 27 August 1980. The whales’ orientation in relation to the

boat was recorded with respect to the face of a clock: 6 o'clock = toward
the boat, 12 o'clock = away fromthe boat, etc.; see ‘Mthods’ and Figure 2
for nmore details. Each individual or group was tallied only once for each
surfacing.

Orientations
(categories)

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

Condi tions (1) (2) (3) (4) (5) (6) (7) Tot al

Engi nes of f 23 23 39 54 42 16 24 221
>900 m 4 2 5 9 14 6 4
<900 m 19 21 34 45 28 10 20

Engines idling 21 15 32 22 11 9 3 113
>900 m 5 9 6 5 1 1 0
<900 m 16 6 26 17 10 8 3

Engi nes engaged 38 17 25 10 4 0 1 95
>900 m 2 4 5 2 3 0 0

<900 m 36 13 20 8 | 0 1
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Appendi x 2. Surfacing, respiration and dive characteristics of bowhead
whal es observed near the seismic vessel 'Arctic Surveyor’ and the W ‘ Sequel’
on 25 August 1981. The 'Arctic Surveyor’ was actively shooting throughout
t he entire observation peri od.

Di sturbance Category Mean s.d. n

BLOW | NTERVALS DURI NG

seisnmic 11.0 S 5.26 s 109
“Sequel’ plus seismc 14.0 9.78 30
post-"'Sequel’ plus seismc 10. 3 6. 10 51
SURFACE TI MES DURI NG

seismc 51.8 S 37.78 s 31
“Sequel’ plus seismc 24.6 35.50 25
post-"'Sequel’ plus seismc 44.5 32.91 16
BLOWS/ SURFACI NG DURI NG

seismc 4.0 3.68 25
‘Sequel’ plus seisnmic 2.0 2. 14 24
post—"'Sequel’ plus seisnmic 3.8 3.49 14
DI VE TIMES DURI NG

seismc 318.5 S 296.1 S 8
‘Sequel’ plus seismc 13.8 4.5 9
post="'Sequel’ plus seismc 162.5 227.0 2
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respiration and dive characteristics of bowheads

Appendi x 3. Sur f aci ng,
| sl ander at altitudes 1500-1900 ft wvs.

observed fromthe Britten-Norman
2000- 2800 ft during 1980-1981.

Al titude
Year (ft) Mean s.d. n
Bl ow Interva
1980 1500- 1900* 12.571 s 6.235 s 231
2000- 2800* * 13. 016 9.148 703
1981 1500- 1900 13. 178 9.674 594
2000- 2800 12. 795 6. 255 533
Bot h 1500- 1900 13. 008 8. 848 825
2000- 2800 12.921 8.027 1236
Bl ows/ Sur f aci ng
1980 1500- 1900 5. 750 2.137 12
2000- 2800 4,732 2.882 56
1981 1500- 1900 3.678 2. 657 118
2000- 2800 4,333 3.198 84
Bot h 1500- 1900 3, 87 2.675 130
2000- 2800 4,49 3.071 140
Surface Tine
1980 1500- 1900 79.792 S 31.500 s 24
2000- 2800 73. 250 57.082 76
1981 1500- 1900 55. 048 44. 844 126
2000- 2800 68. 763 43. 273 93
Both 1500- 1900 59. 01 43. 853 150
2000- 2800 70.78 49. 851 169
Dive Tinme
1980 1500- 1900 261.8 s 290.6 S 4
2000- 2800 115.4 193.2 24
1981 1500- 1900 177.3 244. 1 55
2000- 2800 240. 3 331.9 29
Bot h 1500- 1900 183.0 245. 6 59
2000- 2800 183.7 282. 4 53
* 457-580 m ** 610-854 m.
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Appendix 4. Surfacing, respiration and dive characteristics of bowhead
whal es observed fromthe Britten—Norman |slander at different altitudes on 6
and 8 Septenber 1981.

Al titude
Variable (m Mean s.d. n
6 SEPTEMBER 1981
Bl ow | nterval 610 13.16 S 4,392 s 81
457 11. 80 3.753 25
305 10. 45 4,489 20
Surface Tine 610 42.27 s 49. 46 s 11
457 28.50 21,92 2
305 46. 00 36.77 2
Bl ows/ Sur f aci ng 610 2.82 2.926 11
457 2.50 2.121 2
305 2.00 1
Dive Tine 610 239.3 s 404.1 s 3
457 6.0 1
305 0
8 SEPTEMBER 1981
Bl ow | nterval 610 10.92 S 3.167 S 104
305 9.55 2.849 44
Surface Tine 610 80.50 S 40. 675 s 12
305 48.50 26. 599 6
Bl ows/ Sur f aci ng 610 6. 64 3.529 11
305 5.00 1.414 4
Dive Tine 610 39.5 s 24.365 s 4

305 0
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Appendix 5. Surfacing, respiration and dive characteristics of bowheads
observed before, during and after an airgun was discharged at a distance of 5
km (18 Aug 1981) or 2.5-3.5 km (19 Aug 1981).

Mean s.d. n
Bl ow Interval (s)
18 August - Control 15. 800 15. 362 70
- Airgun 16. 083 7.077 12
- Post-airgun 17.194 8.908 31
19 August - Control 13. 391 12.910 138
- Airgun 13. 429 8. 441 21
-Post—airgun 12. 000 5.164 10
Bl ows/ Sur f aci ng
18 August - Control 3.227 2.159 22
- Airgun 0.833 0. 753 6
- Post-airgun 2.692 2.359 13
19 August - Control 4. 069 3. 046 29
- Airgun 3.111 1.691 9
- Post-airgun 4.000 2. 646 3
Surface Tine (s)
18 August - Control 49. 043 49.711 23
- Airgun 11. 667 11.928 6
- Post-airgun 58. 538 42. 396 13
19 August - Control 63. 805 39. 200 41
- Airgun 46. 667 20. 603 9
- Post-airgun 60. 600 34. 288 15
Dive Tine (S)
18 August - Control 139. 89 221.55 9
- Airgun 68. 60 54.85 5
- Post—airgun 147.73 220. 20 11
19 August - Control 202. 60 358. 86 5
- Airgun 0

- Post—airgun 403. 00 395. 47 4
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Appendix 6. Behavior of one recognizable whale during the airgun experiment
on 18 August 1981.

Al though one nust recognize the limtations of interpretation that are
inherent in examning the behavior of one or a few whales, it is of some use
to describe detailed observations made on 18 August 1981. Except for brief
intervals, we were able to follow the behavior of a large whale with a
distinctively marked tail peduncle for nearly 3 h (from 18:38 to 21:25). The
track of this whale is shown in Fig. 16. It is inmportant to recognize that
the track line is based on tinme rather than actual distance. The |engths of
the lines in the figure represent tinmes spent on various headings at
relatively slow or fast swimming speeds. The usefulness of this figure is to
denonstrate the pattern of novenent of a whale engaged in skimfeeding in
echel on formation before, during and after being exposed to the sounds of the
airgun. The details of the whale’ s behavior are outlined below (letters
refer to segnents of the Walefs track shown on Fig. 16):

Pre- Al rgun Phase

(a) The large whale with the white peduncle (WP) swims slowy north, |[eading
an echelon containing two other whales, all sub-surface skim feeding.
Several o