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FOREWORD

This report addresses the Naval Ocean Systems Center (NOSC) aerial survey

efforts for the> U.S. Minerals Management Service (MMS), Alaska outer continental

shelf studies of endangered whales in the Beaufort and Chukchi Seas. The report

also summarizes the 'overall study efforts for the period of'1979 through 1987. The

reader will find little reference to the fall 1987 Beaufort Sea surveys conducted

east of 1540 W longitude, as they were conducted under the direction of and staffed

by MMS personnel, with the exception of 11 NOSC flights." Data for the Beaufort

Sea surveys east of 1540 W were analyzed by NOSC under MMS direction and

forwarded to MMS., These data will be presented in a separate MMS-generated

report (Treacy, in prep.).
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EXECUTIVE SUMMARY

This report summarizes the 1987 investigations of the distribution,

abundance, migration timing, habitat relationships, and behavior of endangered

whales in the western Alaskan Beaufort and northeastern Chukchi Seas. The

Western Arctic stock of bowhead whales (Balaena mysticetus), estimated by the

International Whaling Commission OWC) to contain 7,800 whales, was the principal

species studied. Data presented herein were collected during transect and search

surveys flown in a specially modified GrUmman Goose over the study area from

I September through 23 October, and over the eastern Alaskan Beaufort between

25 and 31 October. Additionally, acoustic monitoring for bowhead calls was

conducted at Barrow, Alaska on an opportunistic basis from 9 Septem ber through

21 October. The acoustic monitoring augmented the visual data collected via

aerial surveys and extended periods of data acquisi tion. Visual and acoustic data

collected during the 1987 study are subsequently compared to the results of

previous 0979-86) seasonal efforts.

Twenty-four sightings of 32 bowhead whales were made in the western

Beaufort and northeastern Chukchi Seas from 21 September through 23 October.

The bowhead sighting on 21 September in the Chukchi Sea was 1 day earlier than

prior years sightings. Four bowheads were seen in Septem ber, three in the western

Beaufort Sea and one in the Chukchi Sea. Twenty-eight bowheads were seen from

1-23 October, primarily in the western Beaufort Sea (n =26). In late October (25

31), survey effort shifted from the primary study area to the eastern Alaskan

Beaufort Sea to determine the status of the bowhead migration, and three

bowheads were seen there. Results of these surveys are presented in Treacy et al •

(in prep.). Survey effort and all bowhead sightings are depicted in daily flight maps

and tabularized summaries presented in appendix A.

The bowhead migration through the study area extended from 18 September,

when the first bowhead calls were recorded, through 23 October, when the last

bQwhead was seen in the western Beaufort Sea. Because bowheads were seen in the

eastern Alaskan Beaufort Sea as late as 30 October, it was impossible to infer the

termination of the fall migration through the study area.

, Over 165. hours of underwater sounds were recorded during acoustic

,monitoring at Barrow between 9 September and 21 October. The first bowhead

calls (n =34) were heard on 18 September, 3 days prior to the first bowhead

iii



sighting: Periods of relatively high calling activity occurred on 5-l, October

(~ =314) and 15-16 October (n =108). These periods of relatively high bioacoustic

a!tivity ,correspond to daily sighting ratEl (WPUE, SPUE) peaks for the~ 1987 season.

A~bient' noise level near Barrow varied by approximately 30 dB betwe¢n calm and

slorm sea conditions; the higher ambierlt levels may have masked some bowhead

clUs. I,
I Ov:r nine survey seasons (1979-87), 251 sightings of 500 bowheads have been

made in 'the Alaskan Beaufort Sea, west of 150oW, and northeastern Chukchi Seas;
I .

70 sightings of 212 whales during September and 181 sightings of 288 bowheads in

O~t()ber~ AU but 4 whales were seen buring the latter half of September and
I ' I '

October and all but 46 were seen between 1982-87. Peak abundance was calculated
I;, I

most often for the survey blocks (12 and 13) near Point Barrow. Estimates of

b!whead densi ties for 1979-87 are presen~ed in appendix B. 'I Fifty-three sightings of 118 gray 'j'hales (Eschrichtius robustu~~)were made

during September and October in the Ghukchi Sea in 1987, from 0.5 to 120 km

olfslhore~ No grays were seen in the Be1ufort Sea. Gray whale distribution along

t~e Chukchi coast was similar to that of past years and grays were again seen in a

l~calize<;l area approximately 140 to 180 km northwest of Barrow as in J ~~86. Gray

whale abundance estimates were highest in nearshore blocks in 1987. Additional

gJay whp.le density estimates are presElnted in appendix B. Grays were either

fJeding '(86%, n =102), swimming (11%:1 n =13), or diving (3%, n =3). One gray

w,hale calf was seen near Point Hope. I

lone hundred forty-one sightings of 394 gray whales have been made in the

study area during September and Octol~er since 1982. Relative abundance was

hi1ghest in the nearshore blocks near Poirlt Hope and Point Barrow. The' majori ty of

g)ays were seen feeding (85%, n =335), aind were in open water or light « 20%) ice

c6ver (95%, n =373). •I Seyen large cetaceans seen in the study area in late September and October

were too far from the aircraft for positive identification and were recorded as

"Jnidentified," as both bowhead and grayl whales were seen in the study area during
J.. . dtniS time peno •

I Groups of belukhas, or white whciles, some with calves, were ,seen in the

western, Beaufort and northeastern ChUjkChi Seas throughout the faU. Belukhas

w~re distributed farther offshore in significantly deeper water (X =8158m) than
I I

bowhead whales (X =30m; t =5.87, P <0.001). Groups of walruses were seen hauled
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out on broken floe ice or swimming throughout September; only one group was seen

in October. Bearded seals, ringed seals, unidentified pinniped and polar bears

were seen throughout the fall season. Multiyear reviews of belukha and walrus

data are included.
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ADFG

AM
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ASA

BE

BH

BS

CPUE

CR

CT

dB

FM

GARR

GNS

GW

IDL

IWC

MMS

NMFS

NOAA

NOSC

NTIS

OCS

PN

PR

RS

s.d.

SPUE

USFWS

USGS

VHF

WPUE

WS

ACRONYMS AND ABBREVIAnONS

Alaska Department of Fish and Game

Amplitude Modulated

A Mapping PaCkage

American Standards Association

Belukha

Bowhead Whale

Bearded Seal

Calves Per Unit Effort

Call Rate

Unidentified Cetacean

Decibel

Frequency Modulated

Gross Annual Recruitment Rate

Global Navigation System

Gray Whale

International Date Line

International Whaling Commission

Minerals Management Service

National Marine Fisheries Service

National Oceanographic and Atmospheric Administration

Naval Ocean Systems Center

National Technical Information Service

Outer Continental Shelf

Unidentified Pinniped

Polar Bear

Ringed Seal

Standard Deviation

Sightings Per Unit Effort

United States Fish and Wildlife Service

United States Geological Survey

Very High Frequency

Whales Per Unit Effort

Walrus
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INTRODUCTION

The Naval Ocean Systems Center (NOSC), San Diego, California, has been

funded by the Alaska Outer Continental Shelf (OCS) area office of the Minerals

Management Service (MMS), U.S. Department of the Interior, since 1979 to conduct

aerial surveys of endangered whales and other marine mammals in the northern

Bering (above 630 N), eastern Chukchi; and Alaskan Beaufort Seas. As part of its

responsibilities under the OCS Lands Act, National Environmental Policy Act,

Marine Mammal Protection Act, and Endangered Species Act, the MMS has

continued this work as an extension of previous studies (Ljungb1ad et aI., 1980;

Ljungblad, 1981; Ljungblad et al., 1982a, 1983, 1984, 1985, 1986b, 1987). Results of

these studies have been useful to MMS in preparing environmental impact state

ments and in making decisions relative to the leasing, exploration, and development

of the Alaskan OCS.

The bowhead whale (Balaena mysticetus) has been the principal ;species

investigated over the past 9 years. Historically, bowheads had a nearly circum

polar distribution north of 600 N. However, a long history of exploitation seriously

reduced the number of whales in each of five geographically separate stocks

(Breiwick et al., 1981; Bockstoce and Botkin, 1983; Bockstoce, 1986). The Western

Arctic stock, estimated by the International Whaling Commission OWC) to contain

7,800 whales OWC, 1988), is the population monitored in this study. This stock

annually migrates around western and northern Alaska between wintering areas in

the northern Bering Sea and summer feeding grounds in the Canadian Beaufort Sea.

The spring migration generally occurs along open-water lead systems that annually

develop relatively nearshore in the Chukchi Sea, but offshore and well north of oil

exploration activities in the Alaskan Beaufort Sea (Braham et al., 1984; Ljungblad

et al., 1986c). During the autumn migration, however, bowheads commonly occur

nearshore within or near oil lease areas in the Alaskan Beaufort Sea. Because of

this, the MMS has continued to monitor the annual progress and potential

interaction of the fall bowhead migration in relation to ongoing oil exploration

activities.

The distribution, relative abundance, and behavior of gray whales

(Eschrichtius robustus) have also been investigated since 1980 (Ljungblad et al.,

1987). Principal areas surveyed have been the summer feeding grounds in the

1



il
!!
,j

, !~

n?rthern Bering Sea and eastern ChUkclri Sea (Bogoslovskaya et al., 1r:H; Nerini,

1984; Moore et al., 1986b), and the northeastern Chukchi Sea (Moore et al., 1986a).

r,hiS population is now estimated to numtler 21,113 whales OWC, 1988).:;

I This report is a summary of 1987 Leld results on aerial surveys I~Of bowhead

and gray whale distribution, relative abuhdance, density, migration, an~! behavior in

tJe western Alaskan Beaufort and norttleastern Chukchi Seas in acco:l-dance with

tJe Obje:ctives outlined below. To augmlent visual information derived:!from aerial
I "

surveys,: a sonobuoy drop was routinely made approximately 5 km west of Barrow
I ; !;~

on days, when surveys were flown in an effort to monitor the fall bowhead

nJigratio'n via passive acoustics. Acoustic studies conducted during spbng and fall

bbwhead migrations have provided enh1anced descriptions of whale ~istribution,
m~ovements, and habitat relationships (l!jUngblad et al., 1987; Clark, !~1983; Clark

et al., 1985, 1986; Cummings and HolHday, 1983). The results of the acoustic

m:onitoring efforts are presented and hltegrated with aerial survey}ghtings a,

appropnate. Belukha dIstributiOn, relatIve abundance, habItat relatl1l11shl PS, and

bJhavior, are also reported, as well as ilhcidental information on all oither marine

m1arnmal,s seen. Flight tracks and desclriptive captions presented in liappendix A

p{oVide an overview of daily survey efflorts and results. Surveys to ronitor the

progress' of the fall bowhead migration across the Alaskan Beaufoh: Sea were

cfnductJd by MMS personnel in 1987. TI~e results of those surveys are;: reported in

Treacy (in prep.). ii
Ii:,
Objectives II

Th~ primary objectives of the 1987 aerial surveys were to ,

o (determine seasonal distribution" migration routes, relative abJhdance, and

l habitat characteristics of end~ngered whales in or near ~:xilsting _and
. :.

;proposed Federal lease sales in the western Alaskan Beaufort .:md north-
1,-

:eastern Chukchi Seas; ii
i'o 'derive estimates and indicators of relative and/or absolute al:>Ulndance of

:endangered whales in these areals; il '

o :describe behavioral characteri1stics of endangered whales bbserved in

I

1;1,i these areas;
,1

o i dep~o.y sO~Ob~OYS to detect sOlunds. produced by whales, to ilbe used as

addl tiOnal mdlces of whale presence m these areas; !l
.d
il
i~
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o obtain distributional information on nonendangered marine mammals

incidental to other investigations;

o consult and coordinate field activities with other Federal agencies, state

or local government organizations, or other endangered species

researchers .to maximize productivity of this study and minimize conflict

with other resource uses;

o synthesize and further analyze data obtained during the 1979-87 period of

investiga tion.

METHODS AND MATERIALS

Project Rationale and Design

The aerial surveys and acoustic monitoring conducted from Barrow, Alaska

were designed to (a) monitor the progress of the bowhead migration across the

western Alaskan Beaufort Sea, (b) determine when bowheads entered the Chukchi

Sea, and (c) maximize information on the distribution, movements and behavior of

bowhead and gray whales in the study area from September through late October.

Secondarily, the distribution, abundance and behavior of belukhas were studied and

compared to past years. In addition, aerial surveys to assess the status of the fall

bowhead migration in the eastern Alaskan Beaufort Sea were conducted by ~'\MS

personnel from Deadhorse, Alaska (Treacy, in prep.). Survey blocks used in past

years were allocated between the two bases of operation (figure O. Surveys

conducted by MMS personnel were flown in blocks 1 through 7, while surveys

conducted from Barrow aboard N780 were flown in blocks 11 through 22.

Exceptions to this were search surveys conducted through blocks 24', 25, and 28 on

1 September enroute to Barrow, and occasional search surveys through blocks 1, 2

and 3 enroute to Deadhorse. Blocks 1, 4, and 5 were surveyed between 25 and 31

October to assess the status of the bowhead migration. Blocks 8-10 were not

routinely surveyed in 1987. Results from all surveys flown east of 1540W (blocks

I-II) by either survey crew are summarized in Treacy (in prep.).

Study Area and Aerial Survey Procedures

The aerial survey study area included the western Alaskan Beaufort Sea from

157
0

W east to 1540W offshore to 720 N, and the northeastern Chukchi Sea from

157
0

W west to the International Date Line (IOL, approximately 168058'W) between

3
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Figure 1: Original aerial survey study ar1ta and transect blocks depicting allocation
of; surve'y effort to blocks 1-7 for MMS personnel conducting surveys from
Deadhoqe, and to blocks 11-22 for surv1eys conducted froil1 Barrow. Blocks 8-10
were not routinely surveyed in 1987.I ,..
680 N and 72oN. As referenced in fi b(1ure1, this area was divided into survey blocksI i

(figure 2) suitable to line transect surveys (one or, with favorable conditions, two
I : I

blocks could be surveyed completely on one flight). Because open water extended

to: the n4rthern boundaries of blocks 12 +d 13, and no bowheads had been seen in

the stud~ area through mid-September, fhe MMS requested that surve,Ys of these

ar~as be extended to 730 N after 26 Seji>tember. To accommodate this request,

survey blocks 12-N and 13-N were a~ded to the study area for the period

26 September to 23 October. I
Two types of aerial surveys were utilized to accomplish the listed objectives:

1. :Line transect surveys were flo~~n in survey blocks to determine distribu

tion and ~stimate relative and absolute albundance. Line transect is one available

su~vey method from which statisticalinfc:lrences can be made, provided ~he starting
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Figure 2. Aerial survey study area and transect blocks in the western Beaufort and
eastern Chukchi Seas. Transect surveys were extended to 730 N between 1540 W
and 1600 W (i.e., 12-N and 13-N) only after 26 September.

13-N 12-N

and turning points of the line are selected randomly (Cochran, 1963). Survey blocks

were divided into sections that were 30 minutes of longitude or 10 min\ltes of

latitude wide, and, each section divided into 10 equal segments. ~tarti,ng and/or

turning points were chosen within each section by selecting two numbers from a

random number's table and matching them to the numbered segments. A transect

line was then drawn between the two segments. The same procedure was followed

for each section of the survey block, and, all transect lines were then linked

together with connecting lines at top and bottom. When bowheads were en

countered while surveying a transect line; the, aircraft diverted from transect for

brief periods (1. 10 min) and circled the whales to observe behavior, obtain better

estimates of their numbers, and determine whether calves were present., Only

bowheads seen initially. before diverting from the transect line were included in

density calculations.

I
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2. Search surveys were flown to l(~cate whales and observe their behavior or

whell1 in ,transit to a transect block or a Ihew base of operations. These' surveys did
I ' I'not follow a preset paradigm, but instea,tl were dependent upon weather, sea state,

aAd ice conditions, or our previous patterins of whale sightings.

I Th~ aircraft used for the surveyslvas a Grumman Turbo Goose model G21G

with a call sign of N780. The aircraf~ was equipped with a Global Navigation

S~stem (GNS) 500 that provided continubus position updating (0.6 km!slJIrvey hour,
I ,. ,) d ., I . Th' ft k 'tprecision an transect turnmg pomt Ii>rogrammmg. e aircra coc pi was

o~tfitted with four seats, each of whichIafforded excellent visibility through large

si~de windows for the two principal obsenrers and pilots. A long rectangular window

blhind the cockpit provided good visibility for the observer-recorder. Each

observe~ had a clinometer to take an~tles on all whale sightings abeam of the

aIrcraft, which, along with altitude, can !be used to compute animal distance from

t~e survey track line. Observers and pilots were linked to a common communica-
I : I

tion system, and commentary on the aircraft could be recorded. Surveys were
I : I

flown at 100-m to 458-m altitude, at speeds of 222 to 296 km!hr,. The higher

altitude~ were maintained when weatheJ permitted in order to maximize visibility

a~d to minimize disturbance to marine mlammals.I A :portable computing system (Hbwlett-Packard 85) was used. aboard the

alrcraft ,to store and later analyze flight Idata. The computer was interfaced to the

Global Navigation System (GNS) for automatic input of entry number, time,

IJtitude and longitude, and to the rada1r altimeter for precise input of altitude.
I I '

One of four different data entry forma1rs was selected on the computer depending
I : Ion the reason for entry. Whenever possible, a 28-key entry format was used when

Jhales were seen (table 1). An abbrevialed 20-key sighting update for~at was used

Jhen several whales were sighted Withir~ a short period of time. An even shorter

r!pid sighting update (9-key format) was used in areas of extremely, high animal

c~mcentrations to avoid the lumping of sightings. A position update 13-key

fbrmat"including data on weather, visibility, ice cover, and sea state,~as entered
I L '

at turning points, when environmental ,,-onditions changed, or, in the absence of

s1ghting'data, every 10 minutes. All erltries were coded as to the type of survey

b~ing c~nducted (table 1: No.7). Durihg a typical flight (figure 3), .~ search leg

Jas flown to the survey block, fOllowel~ by a series of random trans~ct legs that

Jere joined together by connect legs, wJh search leges) conducted back to the base
I I ~ I

of operations. Sea state was recorded iaccording to the Beaufort scal~ outlined in
'I'
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Table 1. Data entry sequence on the portable flight computer.

Chapman (197 O. Ice type was identified using terminology presented in the Naval

Hydrographic Office Publication Number 609 (1956), and ice cover was estimated
in percent.

Acoustic Monitoring at Barrow

Sonobuoys are passive listening systems containing a hydrophone and a

VHF transmitter. These units were routinely dropped 5 km west of Barrow to

monitor for bowhead calls. MOdel AN/SSQ-57A sonobuoys, having 8 hours of

endurance and a frequency response of 10 Hz to 20 kHz, were used throughout the

season. Sonobuoys are designed to be dropped from aircraft, with their descent

slowed by means of a rotochute or parachute. Once in contact with water, the

unit is energized by a saltwater-activated battery. At that time the

roto/parachute assembly is jettisoned and the hydrophone drops to a preselected

Sighting update
(20-key)

Rapid sighting
update (9-key)

Entry number
Time
Latitude
Longitude
Altitude
Reason for entry
Survey type (flag)
Weather
Visibility right
Visibility left
Ice coverage
Ice type
Sea state
Water color
Water depth
Species
Clinometer angle
Sighting cue
Behavior
Total number
Estimated size class
Total number calves
Swim direction
Estimated swim speed class
R, esponse to aircraft j
Repeat sighting
Photo roll num ber
Photo frame numbers

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

Posi tion/environmental
update (13-key)

'I
,:1

;1
,I
I
:1
'I
1,1',,'I
1

!I
':1

I
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I
I
I
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Figure 3. Example of aerial
sea.rch survey legs. <

dJth of 18.2 m. The sound~ picked up by the hydrophone are am~lifjed and

trJnsmitt~d to a Defense Electronics VHIr broadband receiver at the field station,

or Iaboard the aircraft. At the field station, the output from .. the receiver was

recorded ,on an RCA VLP 950 HF video reborder using 6-hour VHS tape speed. The

ov~rall response of this recording system Iwas 20 Hz to 10 kHz !2 dB*, w<ell within

thJ frequency band of bowhead calls. Orr board the aircraft, the receiver output

w~s recorded on a Nagra IV SJ recorder with a frequency response within :2 dB from

251HZ to 10 kHz, at a recording speed of19.5 cm/s. The Nagra recorder has two

chrnnels, permitting simultaneous recording of waterborne sounds and observers'

verbal comments. I
*al1 dB referenced to 11lPa, unless otherwise noted
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Sonobuoys were dropped west of Barrow to monitor for bowhead calls because

this site afforded both the water depth and the proximity to the field station

required for recording. The area monitored by the sonobuoy(s) extended roughly

from shore to 1570 13'W between 71 0 13'N and 71 0 22'N (figure 4). This area

describes an approximate 10-km radius around the position of the"" sonobuoy drop

site (71 0 18'N, 1560 57'W), and represents the conservative radial limits of the

monitoring effort, based upon the Cummings and Holliday (983) estimate of

bowhead call signal/noise ratio approaching zero at a median distance of 10 km. A

20-km radius around the sonobuoy was considered a secondary zone in which calling

bowheads would likely be detected based upon their ability' to produce sounds with

estimated source levels of 189 dB (Cummings and Holliday, 1983) to 190 dB

(Ljungblad and Moore, 1982), and possibly as high as 196 to 200 dB based on a

received level of 156 dB at 100-150 m (Clark and Johnson, 1984)~ The 20-km radial

155156157

Figure 4. Acoustic monitoring sonobuoy drop site west of Barrow, Alaska.

71
"158



distance extended the boundaries of the "coustic study area from shoJto roughly
I I'

157030'W between 71009'N and 71028'N. Although bowhead calls with a source
I ' I

level of 189 dB could theoretically be detected at ranges greater than 20 km, local

va~iation in ambient noise levels and sourld transmission characteristicJ deemed it

un!ikeIY• , I . 'I Continuous recordings of the underwater acoustic environment I,were made

whenever the sonobuoys remained ope1rational. Although sonobuoys have a

mdximurn transmission time of 8 hours, r6cording time was often limit~d to 3 to 6

hoLrs; because sonobuoys were carried aray from the drop site by cLnrents and

soJnetimes blown offshore and out of reception range by strong easterly linds.
I ' I' .

Aerial Survey and Acoustic Data AnalYSeSII Data collected in 1987 were sorter into two data sets. All aerial survey

effort and marine mammal sightings west of l540W (i.e., blocks 12-22) are

pr~sented here; effort and sightings bast of 1540 W (i.e., blocks 1-11) are

su~marized in Treacy (in prep.). Obser~ed bowhead and gray whale~Hstribution
wds plot~ed semimonthly in relation to OCS oil and gas lease areas! within the

BelaufortSea and Chukchi Sea Planning Alreas. An index of relative abundance was

de~ived ~s whales per unit effort (WPUlt = no. whales/hours of surveJeffort) per
I • I, Isurvey block for bowheads, grays, and belukhas. Bowhead and gray wl)a.le density
I I

estimates were derived for survey blocks using strip transect methodolbgies (Estes

an:d Gilbert, 1978). All whale sightings
l

were entered into the dist~tbution and

relative abundance analyses, regardless of the type of survey leg being conducted

w~ellt th~ sighting was made. Therefol~e, distribution scattergrams I, and WPUE

rebresent the total sighting database in r,blation to the total survey effJrt. Density

eS~imate~, on the other hand, require t'hat sightings used in their dJ~ivation be
, , I I'

collected at random (COChran,. 1963)•. ljhere.fore, on~y Sigh.ting.s madli cln random

transect 'legs were used to denve denSIty estImates; If no slghtmgs were made on

rahdom \ransects within a survey block, rensity was not calculated f01,'that block.

In/additiOn to the. survey block analysis'l density estimates were also Iderived for

subregIons reflectmg bathymetncally str1atlfled OCS lease sale planmng areas and

ar,~ presEinted, with a description of density estimate methodologies, in hppendix B.I The timing of the 1987 migration I through the study area was lanalyzed as

sightings per unit effort (SPUE = no. sightings/hours of survey effort), and WPUE

pJr date. Habitat preference was depic~ed as percentage of whales/ibe class and
" I
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percentage of whales/depth regime. Directionality of whale headings was analyzed

using descriptive statistics for circular distributions (Zar, 1984), where 'a' repre

sents the vector mean and 'r' is the length of the vector. Additional statistical

comparisons, correlations, and regressions were performed as appropriate (Zar,

1984).

Behaviors were catalogued into two types for purposes of discussion:

migratory behaviors, including swimming and diving; and social behaviors (typically

observed in groups) such as milling, feeding, mating, cow-calf association, resting,

and displaying (table 2). Displays included breaches, spy-hops, tail and

flipper-slaps, rolls, and underwater blows. Swimming speed was subjectively

estimated by observing the time it took a whale to swim one body· length. An

observed swimming rate of one body length/min corresponde'd to an estimated

speed of 1 km/hr, one body length/30s was estimated at 2 km/hr, and so on.

Swimming speed and whale size were recorded by relative category (i.e., still,

okm/hr; slow, 0-2 km/hr; medium, 2-4 km/hr; or fast, >4 km/hr; and calf,

immature, adult, or large adult respectively) rather than on an absolute scale.

In compliance with condition B.4-6 of permit No.4-59 to "take" endangered

marine mammals, any sudden overt change in whale behavior observed coincident

with the arrival of the survey aircraft was recorded (and later reported) as

"response to aircraft", although it was impossible to determine the specific

stimulus for the behavioral change. Such changes included abrupt dives, sudden

course diversion or cessation of behavior ongoing at first sighting.

Acoustic data were recorded continuously whenever sonobuoys were opera

tional. All recordings were monitored for bowhead calls. Some tapes were

"recycled" in the field when it was determined that no usable data had been

recorded. Tapes containing bowhead calls were carefully monitored using the RCA

recorder set at real time. The audio signal was played through a Hewlett Packard

Dynamics signal analyzer and a visual image of each call was displayed on a

HP35721A set at 50- to 850-Hz bandwidth. Simultaneously, the tape was

monitored through headphones after being amplified using a Pioneer SA 608

preamplifier. Notation of bowhead calls included date, tape number and count, and

sometimes an aural description of caB type. Bowhead call rate (CR) was derived as

number of calls per hour and related to hours of recording effort by date. Calls

produced by bearded seals were also noted. In addition, portions of tape were

analyzed for ambient noise level during recording conditions of calm and high sea

states to assess local changes in the sea noise environment near Barrow.

11



Table 2. Operational definitions of observed bowhead whale behaviors.

MIGRATORY:

S
I. .
wImmmg
I :

Diving

SOCIAL:
I

MilHng

I
Eeeding

Mating;

C::ow-Calf
I .
Resting

I i

Displaying:

Rolling

Flipper
Slapping

Tail
Slapping

Spy- :
Hoppirg

Breaching

Underwater
Blow

Forward movement through the water propelled by tail pushes.

Change of swimming dir11ection or body orientation relative to the
water surface resulting in submergence; mayor rrlay not be
accompanied by lifting of the tail out of the water.

Whales swimming slowly near one another in close proximity
(within 100 m) at the water surface.

Whale/whales diving re(leatedlY in the same generaJl area some
times accompanied by m:ud streaming from the mouth and defeca
tion upon surfacing; nea;rly synchronous diving and surlfacing have
been noted as have echeJlon formation surface feedingrith swaths
of clearer water noted l~ehind the whales and open mouth surface
swimming. I t
Ventral-ventral orientation of a pair of whales often with at least
one other whale preserlt to stabilize the mating c<~uple; often
within a group of milling whales; pairs appear to hold: each other
with their pectoral flipp,ers and may entwine their tailJ.

Calf nursing; calf sWimnfing within 20 m of an adult.

Whale/whales at the surface with head, or head and back exposed,
showing no movement; I more commonly observed i~ heavy-ice
conditions than in open later.

Whale rotating on longitudinal axis, sometimes associated with

mating. I . I
Whale on its side striking the water surface with its pectoral
flipper one or many timl~S; usually seen in groups, somJtimes when
slapping whale is touchitg another whale. Ii

Whale hanging horizon1ially or vertically in the water' with tail
out of water waving back and forth striking the water ~urface;
usually seen in groups.I,,
Whale rising vertically from the water such that the head and up
to one-third of the body~ including the eye, is exposed.

Whale exiting verticall)~ from the water such that hJlf to nearly
all of the body is expose11d then falling back into the w~ter, usually
on its side, creating a large splash and presumably sorrle sounds.

Exhalation of breath whlle submerged creating a visibJe bubble.

12
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Collation of Aerial Survey and Acoustic Monitoring Data

Aerial survey sighting data were plotted in relation to the acoustic

monitoring study area. The date and time of sightings were compared to call rates

(CR) recorded at the monitoring station. Subsequently, an index to migratory

timing past the acoustic station was derived as a combination of daily WPUE and

CR for the acoustic study area.

RESULTS

Aerial Surveys in the Western Beaufort and Northeastern Chukchi Seas

Survey Effort and Sighting Summary

A total of 125.5 hours of surveys was flown, with 41.5 hours (33%) of this

effort in the Beaufort Sea and 84.0 hours (67%) of effort in the Chukchi Sea

(table 3). Line transect surveys were conducted on most flights, with time spent on

,random lines alone accounting for 56% (70.9 h) of the total survey time. An

additional 33.7 hours of survey effort flown east of 1540 W between 1 September

and 31 October is incorporated into Treacy (in prep.) and summarized in appendix

A.
In the first half of September, 37.4 hours of surveys were conducted

(appendix A: flights 1-11) in the study area, with over two-thirds (77%, 28.9 h) of

the effort in the Chukchi Sea (table 3). Line transect surveys were conducted in

block 12 in the Beaufort Sea and blocks 13-15, 17, 20, and 22 in the northeastern

Chukchi Sea (figure 5). No bowheads were seen during these flights. In the second

half of September, 41.9 hours of surveys were flown (appendix A: flights 12-21),

with most (75%, 31.5 h) of the effort in the Chukchi Sea (table 3). Line transect

surveys were conducted in block 12 in the Beaufort Sea, and blocks ,13-18, 20, and

. 22 in the Chukchi Sea (figure 5). Blocks 12-N and 13-N were surveyed after

26 September, and accounted for 10 percent of the survey effort for the latter half

of Septem ber. Bowheads were seen in blocks 12 (2 whales), 12-N (l whale), and 13

(l whale).

Flight effort in the first half of October (appendix A: flights 22-30) was

divided between the Chukchi (55%, 12.7 h) and western Beaufort (45%, 10.5 h) Seas

(table 3). Line transect surveys were flown in blocks 12 and 12-N in the Beaufort

Sea, and blocks 13, 13-N, 14, and 17 in the Chukchi Sea (figure 5). Bowheads were

13
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1943
392
750

7.90'
12. Ol}

1623
239
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10.90

9
4
2

1151
158

,1038
4.76

10.50

1815
216

1097
7.47

12.74

10
2
3

1513
249
702

6.32
10.39

4594
595

2485
18.47
31.49

11
2
2

3404
438

3237
13.78
28.86

of flight effort conducted in the <Chukchi and

SEPJEMBER OCTOBER
1-15* 16-30 1-15 16-23 TOTAL

Beaufort Sea
Transect (km) 1410
Connect (km) 227
Search (km) 528
Transect (H) 5.43

1Flight (1-0 8.54

1

TOTAL
Transect (km) 481~ 6107 2966 3566
Con'nect (km) 665

1
844 374 631

Search (km) 3765' 3187 2135 1391
Trahsect (H) 19.211 24.79 12.23 14.71

. Flight 37.4(1 41.88 23.24 22.94

*181 km (0.75 h) search survey in the Berling Sea, 1 September '

t flight effort east of 1540 W (totalling 33.71h) presented in Treacy (in !i'rep.)

I I'

slen in block 12 (21 whales). In the latte~ half of October, flight effor~ was almost

etenlY ~ivided between the Beaufort 1(52%, n = 12.0h) and ChUkChil Seas (48%,

nl= 10.9~). Line transect surveys in thel study area were conducted ir blocks' 12,

12-N, 13, 13-N, and 17 (figure 5), and bowheads were seen in blocks 12 (:5 whales)
I I

and 13 (2 whales).

SLrvey Conditions Summary

I Survey conditions during the firs1i half of September were generally good.

Low ceilings, fog, and snow squalls p'~evented flying on only two Iof 15 days

(t1able 3). Visibility was usually >5 km lhnder overcast or partly c!oUd,y skies. Ice

chver in' the study area was very light, especially in the Chukchi Sea. Bands of

N~mber ~f Flights
Unacceptable Weather (days)
Aircraft Maintenance (days)
I

Flight Effort Summary

Chukchi Sea
Transect (km)
Connect (km)
Seaich (km)
Transect (H)
Flight (H)

Table 3.. Semimonthly summary
western Beaufort Seas, 1987. t
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10 percent, ~20 percent, ~50 percent, and ~80 percent broken floe ice were found

beginning approximately 45 km north of Point Barrow, with open water south of the

ice (figure 6). The lack of ice, combined with high winds (20+ knots), occasionally

resulted in relatively high sea states (Beaufort 04-06). Mechanical problems with

the aircraft prevented surveying on three days in the middle of', the month

(15 -17 Septem ber).

Survey conditions remained generally good through the latter half of Septem

ber, with inclement weather preventing flying on two days (table 3). Visibility was

usually excellent (>10 km), although low ceilings and fog occasionally caused

transects to be truncated. Ice conditions remained light, with ~90 percent broken

floe ice north of nON (figure 6). Grease ice formed offshore in mid-September

during a brief cold spell. However, this grease ice disappeared by the end of the

month due to winds, currents, and warmer weather. Sea states in areas of no ice

remained relatively high (Beaufort 04-06) when strong winds were present.

Survey conditions in early October were fair to poor and bad weather

prevented flying on four days (table 3). Fog, low ceilings, and snow squalls were

often encountered, which limited visibility during flights and curtailed surveys to

sOme blocks. The ice edge, consisting of broken floe and new grease ice, remained

at least 75 km offshore in all parts of the study area, except for slushy new ice

forming in nearshore coastal areas (figure 6). As in September, strong winds

occasionally resulted in high sea states.

Survey conditions between 16 and 23 October improved considerably,

although inclement weather prevented flying on 3 days (table 3). Snow squalls, were

frequently encountered during survey flights, but were usually very localized and

did not hinder flight effort. The ice edge in the study area remained 120 to 165 km

offshore, and temperatures in Barrow were unseasonably warm (300F). Slushy new

ice formed in nearshore coastal areas.

lee conditions in 1987 were much lighter than those in 1984-85, and

comparable to those seen in 1986. Ice boundaries averaged over 29 years (1953-81)

reported in Webster (1982), and reproduced by La Belle et al. (1983), indicate that

ice is usually heavier in the Alaskan Beaufort and northeastern Chukchi Seas than

conditions prevalent in 1987. Pease (1987) described both 1986 and 1987 as

extremely light ice years that set a new 30-year minimum. Just as 1980 and 1983

have been considered years of exceptionally heavy ice cqver (Ljungblad et al.,

1986a), the 1987 season stands out as a year of extensive open water most similar

to 1986 and, to a lesser degree, 1982 and 1979.

17
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Acoustic Monitoring at Barrow
I

lI3Owhead. Calls

I, Pa~sive acoustic monitoring for bowhead calls was conducted from the field
. I

station at Barrow on an opportunistic ba1sis. Sonobuoys were deployed' near shore

dJring aerial surveys (see figure 4) and 11he signal recorded at the fielf site for as

lohg as 'the free-floating sonobuoy stalyed within range. Over 16'5 hours of
I I, I

recordings were made on 26 days between 9 September and 21 OctoDer (table 4,

fi~ure 7). Strong easterly winds sometimlbs blew the sonobuoy off shorelin a matter

ol a few hours resulting in relatively sho~t (2-3 hr) recording efforts.D,uring calm

pJriods, sonobuoys sometimes stayed wlithin recording range for ov~r 8 hours.

R~cording periods longer than 8 hours were accomplished by dropping a sonobuoy at

th~ beginning and end of a flight. I .'I A total of 531 bowhead calls were recorded over the course of the field

season (table 4). The types of calls rE!corded were similar to thosl previously

dJscribed (Ljungblad et al., 1982; clclrk and Johnson, 1984) as Jither tonal

I ' I' (Ifrequency-modulated (FM) "moans", or ampl1tude-modulated AM) "grOWls" and

"t~umpet,s". Nearly all sounds recorded were very low level, implying I~.hat passing
I ,

whales were relatively far away (>10 km) from the hydrophone. The sonobuoy drop

si~e was dictated by the recepti~n range of the equipment, but probibly did not

oJtimize. the recording of bowhead calls (~ue to the shadowing, by the ~oint Barrow
j : I

peninsula, of calls for whales northeast oJ Barrow.

I Thr,ee periods of calling activity 1tood out over the course of,' the season
, I I

(figure 7). The first bowhead calls (n =31f) were recorded on 18 September between

1J40 and 2300 hours. These calls preceded the first bowhead sighting In the study

alea by 3 days. The second and highelt period of bowhead calling reCUrred on

3f6 October. Forty-eight calls werel recorded between 1630 an,d 1830 on

310ctob~r. Calls on 5 October were re<iorded between 1545 and 21451, with 53 of

tlie 76 calls recorded between 1845 and 1945. Of the 238 calls r'ecorded on
I ' I I

6 'IOctober between 1445 and 2200, 179 wlere recorded between 2025 anF 2125. The

tliird peak period of bowhead calling oCicurred on 15-16 October. Twenty seven
I ' I I

calls were recorded on 15 October be1~ween 1640 and 2140, and 8f calls were
t . I I

recorded on 16 October between 1815 and 2210. Two bowhead calls were recorded

oA 2 October and seven calls were rec(~rded on 21 October, the last!: day that a

I I, '.sonobuoy was dropped to monitor underwater sounds near Barrow. Calls on both
I '

days were recorded after 2130.

I
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Table 4. Summary of recording effort, bowhead calls and call rate (CR =calls/h)
from sonobuoy drops near Barrow, Alaska, 1987.

No. Call
Date Hours Calls Rate Comments

9 Sep 4.2 0 Distant airgun sounds; ambient water noise
12 Sep 2.0 0 Ambient water noise (high sea state)
14 Sep 2.0 0 Ambient water noise (high sea state)

-18 Sep 7.1 34 4.79 Bowhead calls; ambient water noise
19 Sep 4.8 0 Ambient water noise
21 Sep 6.0 0 Ambient water noise
22 Sep 0.5 0 Ambient water noise (poor' signal)
26 Sep 3.5 0 Airgun sounds; ambient water noise
27 Sep 6.2 0 Airgun sounds
28 Sep 7.4 0 Airgun sounds
29 Sep 12.1 0 Ambient water noise
30 Sep 11.8 3 0.25 Bowhead calls (very weak); airgun sounds

1 Oct 3.0 0 Ambient water noise
3 Oct 3.9 48 12.31 Bowhead calls; ambient water noise
5 Oct 8.7 76 8.74 Bowhead calls; airgun sounds
6 Oct 11.6 238 20.52 Bowhead calls; airgun sounds
9 Oct 7.0 0 Airgun sounds

10 Oct 7.9 0 Airgun sounds
11 Oct 8.1 0 Ambient water noise
12 Oct 4.6 0 Ambient water noise
15 Oct 8.7 27 3.10 Bowhead calls; airgun sounds
16 Oct 7.5 81 10.80 Bowhead calls
17 Oct 2.7 0 Ambient water noise
19 Oct 7.8 15 1.92 Ambient water noise
20 Oct 8.7 2 0.23 Bowhead calls; distant airgun sounds
21 Oct 8.7 7 0.80 Bowhead calls; ambient water noise

The three seasonal peaks of bowhead calling (figure 7), or the hourly peaks in

calling recorded over 5-6 October (figure 8), could be interpreted as aggregations

or pulses of whales passing Barrow. Because the sonobuoys used were eqUipped

with omnidirectional hydrophones however, there was no way to determine if more

calls meant more whales, or the same whales stopping and calling for short periods

within the range of the sonobuoy. Many of the calls recorded on 5-6 October were

"trumpets"; such calls have been recorded more often near socializing rather than

migrating whales, although this association is not a statistically significant one

(Ljungblad et a1., 1987). Thus, we might guess that at least some of the whales

recorded on 5-6 October were socializing and not actively migrating past Barrow.

Although it is not possible to infer bowhead number or rate of passage from

the acoustic data collected from a single omnidirectional sonobuoy, the data

obtained do extend data-gathering periods beyond the limits of a standard survey

21
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fl.ight. As noted earlier, many of the peak calling periods recorded occurred at.

nikht whEm surveys could not be conduc~ed. The principal attribute of acoustic

mbnitoring, as noted for the longer-ternrl study carried out from Barter Island in
I ; . 1

1986 (LjLlngblad et al., 1987), is the exter sion of data gathering through periods of,

dJrkness: and bad weather and the subslequent collation of acoustical} data with

vi!ual survey data. I
Pi~lnipedVocalizations I

1 Bearded seal trills were noted on many of the tapes recorded at Barrow. In

addition,a "howl"-Hke call that could not be definitively ascribed to a tlearded or a

riJged s1al was also frequently recorded. This call seemed most Hike a "short

de1scendir)g trill" of a bearded seal as d(~SCribed by Stirling et ale (1983), but we

co1uld not positively identify it. Beardedlseal vocalizations have been ~eSCribed as

seksonal, with the period of highest call I"lates in the High Arctic occur~ing in June
I " I,

(Stirlinget al., 1983). Further, geogral~hic variation in bearded seal. trills have

be~n reported and. suggested as characterli~ticof discrete breeding stodks (Cleator

etl all., 1987). Although bearded seal trills have been associated Wirh breeding

behavior in the spring, 1987 marks the se<\ond fall season when such calls have been
I ' I I. '

routinely, recorded as they were also f,requently recorded at the Barter Island

ac~ustic station in 1986 (Ljungblad et al., 1987). The function of these calls in the
I

:af~:~:::j:' I
I Am,bient noise is background noise Ithat does not have an identiH~ble source

(Urick, 1983). Ambient noise sources include tides and waves, natural1ly occurring

selsmic activity, oceanic turbulence, therral noIse. distant ship traffic/and distan t

bi~logical noise. In coastal waters, winca speed and its resultant sea 'state have

be~n cited as the strongest factor in detelrmining overall noise level bet,ween 10 Hz

an6 3 kHz (Urick, 1983). This relationshIp between wind speed and co~stal water
Ib" t ". 1 1 h b d Id b h' d" I. . 1 .am len nOIse eve as een ocumente ot In open water an In partla lce-

. co~er conditions (Milne et al., 1967). I I.I Sea state during the acoustic moniltoring study varied from a Beaufort 00-01

during calm-sea periods to 06-08 during s~1orms. A spectrum of the 151 to 500-Hz

bahd indf,cates that ambient sea noise increased by about 30 dB during storms

Wkure 9)~ Ambient noise during calm pe,hOdS averaged 62 dB in the 15f to 200-Hz

bahd and: 54 dB between 200- and 500-H2! band. During storms, ambient noise was
I.. I I'approximately 95 dB from 15- to 100-H2i and about 86 dB in the 100- to 500-Hz
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band. P~aks in the storm-sea spectrum at 150 Hz and 180 Hz may be ,due to surf

bektll as sonobuoys were dropped near shelre to allow reception at the :tield station

<sJe figure 4). Regular surf-like noise I~hat may be attributable to large storm

wJves is audible on these tapes. The relatively high ambient noise assddated with

hi!h seas may have masked some bowhE~ad calls, ahhough the sonobJOYs did not

re~ain within reception range very long il~ high-sea conditions.

I . .
IBOwhead ·Whale (~laena mysticetus)

a. Distribution

Tw:nty-four sightings of 32 bowhears were made in the northeaste,rn Chukchi

and western Alaskan Beaufort Seas (figure 10, table 5). No bowheads Jere seen in

thL fir~t half of September. In the latterl half of September, four sight~ngs of four
, • I.

bowheads were made. Two whales were seen very near shore just wett of Smith

. Ba1y. One whale was seen in block l2-N at 720 11 'N, l560 07'W, and one was seen in

thk Chukchi Sea at 71 0 38'N, l590 27'W. TlhiS distribution was similar to, though not

colnprehensive of, that seen in past years.! II Twenty-one bowheads were seen irl early October, all in the Beaufort Sea

befween Smith Bay and Point Barrow ([igore 10). Most of these 1hales were

swimming westward at moderately fast speeds, except for one group of three

felding at 710 28'N, l560 05'W (appendix A: flight 25). Seven whaleJ were seen

between 16-23 October in blocks 12 and 13 (figure 10). Nine bowhead! were seen

dU!ing surveys east of the study area, inGluding three seen in the eastJrn Alaskan

BehuKort : in late October, and are sum~arized in Treacy (in prep.).! Bowhead

dis1tribution in October was similar to, thoLgh not comprehensive of, paslt years and

so+e sightings overlapped the boundarie~ of the western OCS oil an~ gas lease

areas. I . . I I
b. Association of Bowhead Call Rates with Aerial Survey Sighting Rates

The~e were 15 sightings of 19 bowhE~ads near. the acoustic m.onitoj,li... ng area at

Barrow (figure 11, table 6). Bowhelds were not seen in the area until

30 ISepte~ber, although the first calls '~ere recorded on 18 Septem~er. Most
I . I I'

whales whe seen on 6 October (63%, n :: 12) and 16 October (26%, n =5). These

daies correspond with periods of peak calling recorded at the acoustic Jtation (see

figure 8),' even though none of the whalbs were seen within the assu1med radial

boJndaries of the sonobuoy. The sWimmirlg direction G =2960 T, r =o.Jr,z =3.43,

. . t
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Table 5. Summary of marine mammal sightings (number of sightings/mimber of animals), 1987.

Bowhead Gray Unidentified Bearded Ringed Unidentified PolarnATE FIt. No. Whale Whale Be1ukha Cetacean Walrus Seal Seal Pinniped - Bear

1 Sep 1 0 3/18 0 0 2/2 0 0 0 0
(2D)

2 Sep 2 0 0 1/1 0 0 0 0 0 0
4 Sep 3 0 3/5 0 0 16/880 0 0 1/1 0
5 Sep 4 0 5/6 0 0 3/13 0 0 0 0
6 Sep 5 0 0 0 0 0 0 0 0 0
7 Sep 6 0 1/5 0 0 2/2 5/5 2/3 5/5 0
8 Sep 7 0 1/2 0 0 0 2/2 0 1/1 0
9 Sep 8 0 10/28 2/3 0 7/43 0 0 5/5 0

IV 10 Sep 9 0 3/3 0 0 1/2 0 0 3/3 0\0

12 Sep 10 0 2/2 2/13 0 7/94 0 0 0 0
14 Sep 11 0 0 0 0 1/10 0 0 0 -0
18 Sep 12 0 0 0 0 2/2 0 0 7/7 0
19 Sep 13 0 1/4 4/5 0 18/696 2/2 0 7/10 0
21 Sep 14 1/1 2/3 0 0 6/73 3/3 2/2 1/1 0
22 Sep 15 0 0 0 0 0 0 0 0 0
25 Sep 16 0 0 1/2 0 0 0 0 0 0
26 Sep 17 0 0 1/19 0 0 0 0 0 0
27 Sep 18 1/1 1/1 5/24 1/1 2/3 0 0 2/2 0
28 Sep 19 0 1/1 2/2 0 11/374 0 0 0 o -
29 Sep 20 0 3/10 0 0 1/1 1/1 0 15/16 0
30 Sep 21 2/2 4/4 4/14 0 0 0 0 1/1 '0

D = dead

~



Table 5 (contd).

Bowhead-Gray Unidehtifie-d .
Bearaeo-Ringea-UfiiOefitifiea-P6lar

DATE FIt. No. Whale Whale Belukha Cetacean Walrus Seal Seal Pinniped Bear

1 Oct 22 0 1/1 0 0 0 0 0 0 0
3 Oct 23 0 0 3/11 0 0 2/2 0 1/1 1/3
5 Oct 24 0 0 0 0 0 0 0 0 0
6 Oct 25 13/21 0 0 0 0 0 0 4/4 0
8 Oct 26 0 4/9 0 0 1/30 1/1 2/3 10/15 1/1

10 Oct 27 0 0 0 0 0 0 0 1/1 0

11 Oct 28 0 0 0 0 0 0 0 0 1/1
12 Oct 29 0 0 1/1 0 0 0 0 0 0

15 Oct 30 0 3/9 0 0 0 0 0 5/6 0
~~-_L6_0ct ~J "/,, "/7 7. / c.. ,,/') (\ (\ (\ ..,/.., f'\_._£

..,~,--

"'~'-' ';J-t-V ~,-~ '" '" u L-rL \;/

17 Oct 32 1/1 0 4/39 1/1 0 0 0 5/6 0

19 Oct 33 0 0 0 0 0 0 0 0 0

20 Oct 34 0 0 0 2/2 0 0 0 3/8 0
21 Oct 35 0 0 0 0 0 0 0 2/4 0

23 Oct 36 1/1 0 0 0 0 0 0 0 0
1-15 Sept subtotal 0 28/69 5/17 0 39/1046 7/7 2/3 15/15 0

16-30 Sept subtotal 4/4 12/23 17/66 1/1 40/1149 6/6 2/2 34/38 0
1-15 Oct subtotal 13/21 8/19 4/12 0 1/30 3/3 2/3 17/27 3/5
J6-3-1~0ct-subtotal'" iii 5-/7· .- 77'4-5' ··.----5l5 0 0 .... O~·· - .'.-." n121- - _.. ~- 0"'" • .• --'._"".'

TOTAL 24/32 53/118 33/140 6/6 80/2225 16/16 6/8 79/101 3/5

"

== ,== JIiiIiI:_ IiiiiiI '. .. IIIIIIIIII == _ .. .. _ == -;;;; 11IIIII __ ·1iiiiII
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p< 0.05) and estimated speed of the whales that were seen would have put them in

the general vicinity of the acoustic station within an hour or so of the sighting(s),

but there is no way to determine if in fact any of the whales seen were also heard.

However, it is likely that most of the calls recorded were from whales not seen

because (a) as previously mentioned, many calls were recorded late in the

evening several hours after the termination of the survey for that day and

(b) whales that are under water or far from the aircraft go undetected during aerial

surveys, such that whales seen while flying transect surveys almost always under

represent the total number of whales in the area (Caughley, 1974; 1977).

Although it is not possible to determine the number of bowheads represented

by calls received on an omnidirectional hydrophone such as those used in this

study, the association of calls with sightings supports the idea that acoustic

monitoring could be developed as a valuable and cost effective tool to augment

aerial surveys when assessing bowhead migratory timing. As in the acoustic

monitoring study conducted from Barter Island in 1986 (Ljungblad et al., 1987), the

greatest number of bowhead calls were associated with periods of high sighting

Figure 11. Distribution of bowhead sightings near acoustic monitoring area at
Barrow.
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ifable 6.

Date

Bowhead sightings near the ac:oustic monitoring area at Barrrw, 1987.

No. Posi tion Swim I Swim
c FIt. Bowheads Lat.o N Long.O W Direction (OT) Speed-.---------- ,If-__-.; +' _

30
l
sep 21 1 71 010,19' 155002.8' 290

6 Oct 25 1 71 02l.!4' 155035.3' 060
1 71 022.13' 1550~1.8' 050
1 71 020.19' 155034.0' 060
2 71 030.17' 155009.6' 350
2 71 032.14' 155°27.5' 300
1 71 029.16' 155053.0' 270
3 71 027.16' 156005.5' '*
1 71 027.17' 156°16.1' 240
I, 71 036.13' 157008.1' 270
1 71 037.19' 156009.6' 300
1 71 035.10 156007.5' 280
1 71 032.13' 156006.5' 310
1 71 028.19' 156005.7' 200

.,..17-:,...O_c_t_'......3_2~~__ 1 71
036

'16' 157
0

41.7' 250 Ii

SWim speed estimates: slow < 2 km/h· mecHum 2 4 km/h· fast >4 km/h
*nt data :recorded 'I -, I
I I l'

rates, but calls were also recorded when no whales were seen. Using acoustic

te!hniquds in addition to aerial surveys Ito monitor the progress of t~e bowhead

mikratio,\ extends the period of data acquisition past the limits imposed lupon flying

Ci.J., effort allocation, fuel, darkness, bab weather). In 1986, sonobuoys modified

f01 extenaed service were deployed from shore independent of survey JUorts, and

many mo~e sounds were recorded than in 1987, when sonobuoys were delployed only

frdm the aircraft. In addition, the mooree sonobuoy site in 1986 was directly in the

pa~h of the observed bowhead migratory r1loute north of Barter Island, while in 1987
I I:

the drop: site was south and somewha1i closer to shore; a less-than..optimum

pla1cement for detecting whales passing Barrow. Even with these limitations,

acJusticmonitoring at Barrow provided valluable data on the timing and ~rogression
of :~he bo~head migration. I I:

c.. Relative Abundance and Density Estiimates
, 1 ,

An index of relative abundance (Wl?UE =no. whales/hours of surrey effort)

and a density estimate (whales/1 00 km 2) were calculated for bowheads in survey

blo~ks. When calculating abundance, all whale sightings were used re~ardless of

the
l

type 'of survey being conducted. The calculation of density estir6ates using
i ~



strip transect methodologies, however, requires that the sightings be made on

transect legs (i.e., that sightings be random) and that they occur within a

predetermined distance from the aircraft (Hayne, 1949). Therefore, although

abundance was calculated for any block in which bowheads were seen, density was

calculated only {or survey blocks in which whales were seen within 1 km on either

side of the aircraft while on transect leg.

Bowhead relative abundance in the study area was highest in block 12-N

(WPUE =0.36) in late September, block 12 (WPUE =2.96) in early October, and

block 12 (WPUE =0.62) in late October (table 7). Bowhead seasonal relative

abundance ranged from 0.89 (block 12) to 0.08 (block 13).

There were no bowheads seen on transect during the first half of Septem ber,

nor the first half of October. During the latter half of September, highest

bowhead density was calculated for block l2-N (0.09 whales/lOO km 2), with lesser

estimates for blocks 12 (0.05 whales/100 km 2) and 13 (0.04 whales/100 km 2).

During the latter half of October, bowheads were seen on transect only in blocks

12 and 13 resulting in density estimates of 0.14 whales/lOO km 2 and 0.09

whales/100 km 2 respectively.

d.· Migration Timing, Route, and Habitat Relationships

The timing o{ the bowhead migration through the western Beaufort and

across the Chukchi Sea extended from 18 September, when the first bowhead calls

were heard at Barrow, through 23 October when the last bowhead was seen in

block 12. The last three bowhead sightings of the season were made in the

eastern Beaufort Sea (blocks 4 and 5) between 25 and 30 October (see Treacy,

in prep.; appendix A: flights 37 and 40). Because of these late October sightings,

it is impossible to determine when the bowhead migration through the western

Beaufort and eastern Chukchi Seas was completed.

The daily sighting rate (SPUE) and daily relative abundance (WPUE) peaked

on 6 October (figure 12) when 21 bowheads were seen in block 12. Bowhead call

rate was also highest (CR = 20.5) for this time period (see table 4). Lesser peaks

were noted on 3 days between 21-30 September and on 3 days between 16-23

October. Acoustic data recorded over this time period had similar peaks <Compare

figure 12 and figure 7). Both the visual and the acoustic data indicate that

bowheads passed Barrow in loose aggregations, or pulses from mid-September

through late October with 5 to 10 days between groups.
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Table 7. Semimonthly and seasonal relative abundance (WPUE =no. whales/hours of survey effort) of
bowheads by survey block, 1987.

1-15 Sept 16-30 Sept 1-15 Oct 16-23 Oct TOTALNo. No. No. No. No.Block Hours Whales WPUE Hours Whales WPUE Hours Whales WPUE Hours Whales WPUE Hours Whales WPUE
12 8.58 0 - 7.70 2 0.26 7.09 21 2.96 8.10 5 0.62 31.47 28 0.8912N 0.16 0 - 2.75 1 0.36 3.37 0 - 4.16 0 - 10.44 1 0.1013 11.89 0 - 10.95 1 0.09 8.04 0 - 4.85 2 0.41 35.73 3 0.08UN 0.17 0 - 1.75 0 - 1.09 0 - 2.38 0 - 5.39 014 6.39 0 - 5.31 0 - 2.62 0 - 0.03 0 - 14.35 015 0.97 0 - 3.38 0 - 0.00 - - 0.00 - - 4.35 016 0.00 - - 0.41 0 - 0.00 - - 0.00 - - 0_41~~Q

~~~
,..,

:3.55--0 r.-60--0 0.95 0 2.88 0 - 9.98 0
'~I - - -18 0.12 0 - 2.91 0 - 0.00 - - 0.54 0 - 3.57 020 2.52 0 - 1.68 0 - 0.00 - - 0.00 - - 4.20 022 1.33 0 - 2.34 0 - 0.00 - - 0.00 - - 3.67 024 0.23 0 - 0.00 - - 0.00 - - 0.00 - - 0.23 025 0.65 0 - 0.00 - - 0.00 - - 0.00 - - 0.65 028 0.10 0 - 0.00 - - 0.00 - - 0.00 - - 0.10 0

Unblocked 0.99 0 - 0.10 0 - 0.08 0 - 0.00 0 - 1.17 0Total 38.15 0 - 41.88 4 0.10 23.24 21 0.90 22.94 7 0.31 126.21 32 0.25
Bold indicates peak WPUE

~Bold"indiq~tes-peak~WP-tJEc_ c." ~,._ .....

;;= i= IIIili,
i_ iiiiii .. 1_ - ... - - .. - 'iiiiiii iiiiii .. - iiiiii ..



Figure 12. Bowhead daily sightings per unit effort (SPUE) and whales per unit
effort (WPUE) in the western, Beaufort and northeastern Chukchi· Seas.
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clustered (p <0.02) around a northwest (3000T) headmg over the course of the

sUrfey season (figure 13). Sample sizesl collected in late Septembe\ and late

October were too small to test for statistkal significance, but whales sJen in early

Oc~ober were also significantly c1ustere6 (p <0.02) about a northwe~t (3160T)

hea1ding. Mean headings in the westerh Beaufort Sea throughout fhe survey

sea~on generally followed the coastline.1 Swimming direction for Ithe three

boJheads seen in the Chukchi Sea were 1800T, 2700T, and 2500T, resulting in a

me~n heading of 2350T. Although the lamPle size was too small t6 test for

sigJificance, the southwest mean headihg for whales in the Chuk!hi Sea is

con~istent with data from past years. I I
Most whales (84%, n =27) were fouli1d in shallow (0-50 m) water throughout

the seasori, with all others (16%, n =5) in 51-2000 m water (table 8). INo whales

were Seen; in water over 2000 m deep because water of this deptJ was not

surJeyed, ,unlike past years (1982-86) when deep-water areas were s!amPled in

bloJks 8,10. Mean depth at bowhead Sighltings was 48 m, with the Whales seen in

rel~tivelY deep water on 27 September (Ii'6 m) and 16 October (181 m, r79 m and

165 m). I
Bowheads were seen in very light ice cover due to the extremely light ice

conditions: that prevailed throughout the ~leason (table 9). Except for bne whale

seeJ swim,ming in relatively heavy (75%) lice on 21 September, all bowhl~ads were

in olpen wJter or very light « 10%) ice covE~r. Ii'

- - • • •
'I,

,
>

I•

Table 8. Semimonthly summary of depths at bowhead sightings, Y87.

I
16-30 Sep 1-15 Oct 16-31 Oct Total I,No.(%) No.(%) No.(%) I No.(%) -I

2(6) 21(65) 4(12) 27(84)Shallow
: 0(0-50 m)

T I .. I

~ !

2(6) 0 3(l2) 5(16)ransltlOn

I
(51L2000 (n)

I i
TOrAL 4 21 7 32

I- -

Bowhead swimming direction in the western Beaufort Sea was significantly :1.I
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37

TOTAL
(n = 20)

00

1-15 OCTOBER
(n =12)

1800

a= 300OT, r =0.47
z = 4.34, p< 0.02

1800

a= 316oT, r = 0.58 ..
z =3.99, p< 0.02

16-23 OCTOBER
(n =5)

00

16-30 SEPTEMBER
(n =3)

1800

a= 25601", r = 0.4,7
z =1.10

1800

a=286oT, r =0.33
z = 0.33

~igure 13. Bowhead swimming direction in the western Beaufort Sea.
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ifable 9. Number and percent of bowhea.ds found in each ice cover class, 1987.

r
Ice Cover 16-30 Sep 1-15 Oct 16-31 Oct Total

(%) No.(%) No.(%) No.(%) I No.(%)

0-10 3(9) 21(66) 7(22) r 31(97)
11-20 ! 0 0 0 0
21-30 0 0 0 0
31-40 . 0 0 0 0
41-50 . 0 0 0 0
51-60 0 0 0 0
61-70 0 0 0 0
71-80 . 1(3) 0 0 i 1(3)
81-90 0 0 0 0
91-100 0 0 0 0
TOTAL 4 21 7 32

e. Behavior

Most bowheads seen were swimming (91 %, n = 29) which, when combined with

the predo'minantly northwesterly heading, indicates that most whl~les were

mi~rating' through and not lingering in thb study area. Three bowheadsl (9%) were

see1n feeding near Point Barrow on 6 OC1fober (appendix A: flight 25;. table 10).
I I .

Notably ,whales were not observed resting, milling, or displaying, as in pa.st years.

MOft of the whales were adults (91 %, n .b 29), with three immatures. No calves

were seen. I

I Bowheads maintained mostly moder1ate swimming speeds (56%, n =18) over

the

l
cou.rs~ of the season (table 11). Whales were also seen sWimming. ~low (22%,

n =7) and fast (19%, n =6), but none wercb seen just resting in the watek A speed

was not estimated for one whale.I '
Gray Whale (Eschrichtius robustus)

I

a. Distribution

Fifty-three sightings of 118 gray whales were made in the northeastern

Chukchi Sea in September and October (fi~ure 14, table 5). Over half Jf the gray

wJles <5,8%, n =69) were seen during ~he first half of September.IWith 36%

(nJ 42) seen between mid-September and mid-October, and only 7 whales (6%) seen

aft!r 16 October. This gradual deple1lion in the num ber of whal'es in the
I , I .

northeastern Chukchi Sea is consistent with past years records (Moore etal., 1986).
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Table IO. Semimonthly summary of bowhead behavior, 1987.

16-30 Sep 1-15 Oct 16-31 Oct ' Total
No.(%) No.(%) No.(%) No.(%)

MIGRATORY
Swim 4(13) 18(56) 7(22) 29(91)

SOCIAL
Feed 0 3(9) 0 3(9)

TOTAL 4 21 7 32

Table 11. Semimonthly summary of bowhead swimming speeds, 1987.

Gray whale distribution in September was similar to that seen in 1986, as

they were again seen consistently 140 to 180 km northwest of Barrow in offshore

block 14. Unlike past years, they were not seen north and east of Point Barrow

(Ljungblad et al., 1987). Surveys in block 22 near Point Hope (as recom mended in

Ljungblad et al., 1987) on 1 and 29 September (appendix A: flights 1 and 20)
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31.47
35.73
14.85
4.35
0.41
9.98
3.57
4.20
3.67

108.23

2.02

0.74

o
o

o
26
o

26

October

2.19
1.15

7.63
1.26

No.
Whales WPUE

September

HoursBlock

12 16.28 0
13 22.84 50
14 12.20 14
15 4.35 0
16 0.41 0
17 6.15 0
18 3.03 0
20 4.20 0
22 3.67 28

Total " 73.13 92

Jld indicates peak WPUE.
I .

~ d· 28 hI· h . . I Id· If i. Irefu te m gray w a e Sig tmgs, mc til mg one ca.; grays were not prevIous y

seen there in September. Grays were also seen closer to shore in:Peard Bay,

soLthwest of Point Barrow, than in past years.I Distribution in October was simila,f to, although not comprehensive of, past

ye.ars. Grays were seen nearshore betweien Icy Cape and Point BarroJ, and were

agkin seen close to shore in Peard Bay. drays were not seen in offshorJblock 14 in

OJtober as they were in 1986 even thOUghl ice conditions were similar. I
b. Relative Abundance and Density Es1iimates

Gray whale relative abundance was highest in block 22 (WPUE =~.63), which

is the survey block that incorporates the Point Hope area (table 12)t Relative

aboodanc:, in block 13 (WPUE =2.13) and IbiOCk 14 (WPUE =0.94) were over 3 to 8

tiJes lower than that for block 22. Unlike past years, grays were ten in only

thJse three blocks (13, 14, and 22) in Septcbmber, and only in block 13 in October.I Est\mates of gray whale density in September were 0.30 Whales{IOO km 2 in

block 13,: 0.06 whales/IOO km 2 in block 14, and 1.56 whales/IOO km 2 in block 22.

De~sity eistimates for the first half of Se]Dtember were over twice thosJ calculated
I . I I"

fo~ the sT.cond half of the month (e.g., block 13:. 0.43 vs. 0.18 whales/IOO km 2;
I 2 I I,. 2block 14:' 0.09 vs. 0 whales/I 00 km ; block 22: 3.55 vs. 0.17 whales/l 00 km ). In
I . I V·

OCtober, .only one gray whale was seen on transect in block 13, resulting in an
estimate of 0.03 whales/IOO km 2.
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Although grays were seen in block 14 in 1987 as in 1986, both abundance and

density estimates indicate that fewer whales used this area in 1987, and that

whales left this area earlier in 1987 than in 1986. Grays seen in block 14 in both

years were commonly seen with mud plumes indicating that the whales were

feeding. There is a slight bathymetric rise located near the area where whales

were seen in block 14 (Stringer and Groves, 1987) and walrus "feeding traces" have

been reported for this area (Phillips, 1987). It appears that this area may be of

variable importance as a gray whale feeding area as well.

c. Habitat Relationships and Behavior

Gray whales were seen approximately 0.5 to 120 km from shor,e in water 9- to

64-m deep (X= 26.7 m, s.d. =12.05, n =53). Most grays (92%, n =109) were in ice

free or light-ice (~10%) cover. Unlike 1986, gray whales were sometimes seen

feeding in moderate and relatively heavy-ice, cover. Three whales were 'seen

feeding on 10 September in 30 to 40 percent grease ice (appendix A: flight 9), 2

grays were feeding on 12 September in 55 to 60 percent ice (appendix A: flight 10),

and 4 whales were seen with mud plumes on 19 September in 90 percent grease ice

in block 14 (appendix A: flight 13).

As in past years, grays were usually seen feeding (86%, n = 102; table 13).

Feeding was inferred anytime a whale was seen with a mud plume. Mud plumes are

billows of sediment brought to the surface by whales feeding oninfaunal prey.

Plumes are' excellent sighting cues and may bias data toward "feeding" whales.

Conversely, whales feeding on epibenthic prey may not create large mud plumes

and therefore Some feeding whales may go undetected. In 1987, mud plumes were

often present when no whales were seen at the surf~ce. The distribution of these

plume-only sightings was similar to that for gray whales, with the exception of the

Pt~ Hope area (figure 15) where plumes were not seen. SUbjectively, it seemed that

the plumes associated With whales near Pt. Hope were not as large nor as distinct

as plumes seen near grays feeding in waters farther north. Instead, grays feeding

near Pt. Hope were associated with less-compact trails of sediment. Although

benthic communities in the Chukchi Sea have not been extensively sampled, the

prey probably consists of mixed crustacean communities inCluding the Ampelisca

amphipods that constitute much of the gray whale diet in the northern Bering Sea

(Nerini, 1984). The different types and amount of sediment brought to the surface

by feeding whales is likely related to the type of prey communities that they are

feeding on. For example, grays feeding on dense assemblages of
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118

13(11)
3(3)

Total
No.(%)

l02(86)

7

1(1)
a

6(5)

16-31 Oct
No.(%)

19

5(4.)
a

14.(12)

1-15 Oct
No.(%)

23

3(3)
a

20(17)

16-30 Sep
No.(%)

69

4.(3)
3(3)

62(53)

1-15 Sep
No.(%)

j I
Table 13. Semimonthly summaliY of gray whale behavior, 198?

I '
MIGRATORY

;~ [

Swim
Dive
I

SOCIAL

leed

TOTAL
I

-bI " I' 'd h' d 1:11 1 d' 1 lih"l h 1urrowmg ampe ISCI amp IpO s may pro, uce arge se lment p urnes, W, 1 e w a es

fe~ding on epifaunal swarms of mycids may create only light sedimeht trails or

ev~n no sediment indicator at all. I',I Whales that were not feeding were either swimming (II %, n = 113) or diving

(3%, n =3; table 14). Gray whale swl~mming direction was not significantly

clJstered, around any heading. Swimming direction was not recordedl'f"r whales

thlt were feeding because these whales 01!ten exhibited several heading;s" within one

suJfacing period. [. II Most gray whales seen were adult (75%, n =89) or immature (24.%, n =28).

Inttresti9gly, the majority of immatures +en were in block 22, south of Ipoint Hope

(75%~ n =21), indicating that the area m'iY be relatively important as a nursery or

we1aning area similar to those seen along the Soviet coast (Krupnik et ad 1983).

d. Calf Sightings . l:
One gray whale calf was seen on 1 September very near shore jllst southeast

of Point Hope (appendix A: flight O. The[ calf was nearly underneath a 1,arge whale
! ' I"

believed to be the cow. Both whales were:~ near a group of 15 immature rhales that

apbeared to be feeding in the area. :

I
Other Marine Mammals

a. Be1ukha or White Whale (Delphinapt€~leucas)

Thirty-three sightings of 14.0 be1ukh,ls were made in the western Beaufort and
, I, I.

no~theastern Chukchi Sea (figure 16). Most (59%, n =83) were seen in September,

with the remaining 57 whales seen in Octbber. Areas of greatest beluJha relative
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Figure 15. Distribution of plume-only sightings associated with gray whale feeding
areas.
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abundance were block 12-N (WPUE =7.28) and block 13-N (WPUE =3.34; table 14).

In September, relative abundance was highest in block 12-N, where WPUE was

15.81. In October, relative abundance in block 13-N (WPUE =4.61) and block 12

N (WPUE =3.98) were highest.

Belukhas were seen approximately 30 to 180 km from shore in water 20- to

2195-m deep (X =336.5, s.d. = 482). The observed distribution was farther from

shore and in deeper water than in past years, due. in part to surveys

conducted north of nON in blocks 12-N and 13-N, as this was the first year that

transect surveys were flown in these areas. Belukhas were seen in ice cover

ranging from 0 to 95 percent (table 15), with the majority (76%, n =106) in ~20

percent cover. The lack of ice in the study area may have contributed to the

relatively low abundance of belukhas" as they are generally associated with ice and

may have been in ice north of the study area.
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Table 14. Monthly and seasonal relative abundance of belukhas (WPUE =
no! whales/hours of survey effort) by survl~y block, 1987.

'I
I.
;1

I
I
I
I
:1
I
I
n.
~B

o
I
I,
I
I
I
·1

0.79
7.28
0.06
3.34
1.14
0.46
1.37

25
76

2
18
17

2
1401.37

4.61

September October TOTA.L
BlIck No. BE WPUE To. BE WPUE No. BE I:; WPUE

_._------------;...----------~---:-I
12 14 0.86 11 0.72
i2-N 46 15.81 30 3.98
13 2 0.09 0
i3··N 2 1.04 16
i4 17 1.39 0
15 2 0.46 0

Toial 83 1.37 57
I

Bold indicates peak WPUE.
I

I,

Belukhas were not clustered around any particular heading in sePI~ember ,nor

October in either the western Beaufort nCi1r northeastern Chukchi Sea. ,

b. Unidentified Cetacean

There were six sightings of seven unidentified cetaceans made j(lUlring late

September and early October (figure 17). AU animals were seen only briefly and

we}e too 'distant from the aircraft for po~,itive identification. One whale was seen

on 127 September {appendix A: flight 18)1 and two unidentified whales!were seen

each day on 15 October (appendix A: fliglht 31), 17 October (appendix A: flight 32)

and 20 October, (appendix A: flight 34). lin each case, repeated efforts Ito re-sight
I I 1

the whales were unsuccessful. Because both bowhead and gray whales had been

se~n in the areas where the unident~fied cetaceans were SightJ~, species

idehtification would be no better than a gLless for these whales.

c. Walrus (Odobenus rosmarus) I

Eighty sightings of 2225 walrus were made over the course of the season
i I

(figure 18), with the majority (98%, n = 2185) seen in September. Walrus were most

oftfn see~ swimming in open water and rebting in light ice (O-30%; ~O%'fn = 883) or

ha~ledou~ in heavy ice (36%, n =790). TI~e distribution was similar to past years,

wi th the exception that walrus were seen farther to the west (in block ,15) in late

SeJ.tember when ice was present there. :

d. Bearded seal (Erignathus barbatus)

Sixteen sightings of 16 bearded seals were made in September and early

October, mostly in the northern portions o.~ blocks 12-14 (figure 18). Bearded seals
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(43)
(33)

(1)
(4)
(1)
(7)
(1)

(10)

-- = •

I
I-

Table 15. Number (No.) and percent (%) of belukhas found in each ice bover class,
1987. I

Ice Cover September October TLal
I (%) - No. (%) No. (0;(,) Not (%)

I I
0-10 30 (36) 30 (53) @

11-20 30 (36) 16 (28) 4~

21-30 0 0 00:
31-40 0 0
4i-50 1 (1) 0 [
5i-60 6 (7) 0 6
6i-70 1 (1) 0 a
7i-80 10 (12) 0 19
81-90 2 (2) 0 l2

I

91-99 3 (4) 11 (19) l~

Total 83 57 140
I I

wete .seen both swimming in the water an~ hauled out near cracks on Je ice. No
I _ I 1,

bearded seals were seen after 8 October probably due to the lack Ofl ice in the

st~dY area and the difficulty in positivell~ identifying pinnipeds in the water from

altitudes greater than about 91 m.

e. Ringed seal (Phoca hispida)

Only 6 sightings of 8 ringed seals were made this year (figure 18? As with

the bearded seal, the lack of ice probably influenced this result as ringed seals are
I I

difficult to positively identify when they acre in the water.

f. Unidentified lPinniped I
Sevynty-nine sightings of 101 unidentified pinnipeds were made over the

season (figure 18). Half of the seals (5(1%, n =50) were seen sWimmilng in open

wa~er. Ohly fifteen percent (n =15) were seen in ice conditions :=.90 perdient.

g. Polar bear (Ursus maritimus)

Three sightings of five polar bears were made in October {table 16). Three

bears, a sow and 2 cubs, were seen on 3 October (appendix A: flight 23) atnt04•8'N, 155008.5'W running across tjhe ice. Two bears were s~en in the

northeastern Chukchi Sea: one on 8 October (appendix A: flight 26) at '72014.3'N,
I ' I .

1580 10.4'W and one on 11 October (appendix A: flight 28) at i 71 048.8'N,
1 .

1610 51.5'W.
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Figure 17. Distribution of 6 sightings of 7 unidentified cetaceans.
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DIscussnON AND 1979-87 REVIEW

I'
This section represents a review ard synthesis of data gatheref on aerial

surveys of endangered whales conducted from 1979 to 1987. Resulfs of these

suJveys have appeared in annual report1 for the Minerals Management Service

fin1alized ,as NOSC technical documents o:~ technical reports (e.g., LjunJblad et al.,

19f7l as )"ell as in summary manuscriptsIpresented in other artiCles/f+ums (e.g.,

Clarke et, al., 1987; Ljungblad et al., 1986a, 1986C; Moore et al., 1986a, 1986b).

I The' objectives and methods of datcl collection and analyses on the primary

ai rcrat t (N780) have remained similar thrbughout all years. In 1986, in laddi tion to

thJ primary survey aircraft, a second airclraft (302 EH) flew transect surveys, and

anIacous'tJc station was established atl Barter Island, Alaska to .,Joni tor the

nearshore' bowhead migration. Data rl~sulting from these efforts have been

indorporaied into the larger database. Bowhead and gray hales have been the

prihdpal 'species studied over the years, due to their endangered statls~ and are

reJiewed [here. Additionally, multiyear f'leVieWs for belukhas and walrLs are also

indluded. [Other species seen during fall aerial surveys were reviewed IJ Liungblad

et ~l. (987). . I II This review follows a species forT at and covers September arid October

sur1veys o~ly. Data are reviewed fo~ the north~ast~rn Chukchi Sea and the Alas~an

Beaufort 5ea west of l500 W longItude. ObjectIves of the surveys dnd a brief

ovJrview :of survey effort and conditions are presented prior to presJntation of
I , E' h f A lOb I. d'specIes a,ccounts. Ig t years 0 ugiust- cto er surveys were reVlewe In

Lj.!ngblad;et al. (I 987). A review of 6 ye,lrs of summer (June, July) surrey efforts

wa! prese~ted in Ljungblad et a1. 0986b) clnd a review of spring (April, May) survey

resLlts w~s presented in Ljungblad et ala 01985a).

AeJiaJl Sur~ey Objectives, Effort, and Conditions SummaryI The ,primary objectives of the fall a([rial surveys have been to determine the

distribution and timing of the bowhead migration, to derive relative a.~d absolute

abu1ndance estimates in or near proposed or existing federal lease areks, and to

desfribe bowhead whale general behavior and record underwater sound Jroduction.

TIn 1986 arid 1987, the primary objectives lalso included documenting thb distribu

tioJ, relative and absolute abundance estimates, and general behavi~r of gray

whJles in :the northeastern Chukchi Sea. !Secondary objectives were to document

disiributidn of other marine mammal spedbs encountered during surveys.
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Table 16. Summary of flight effort (h) in the western Beaufort and northeastern
Chukchi Seas, 1979-87.

1979 1980 1981 1982 1983 1984 1985 1986 1987 Total

W. Beaufort 18.1 36.7 19.4 42.8 61.7 60.2 37.6 30.1 53.9 360.5

N.E. Chukchi 0.8 13.7 0.0 19.0 42.7 16.4 15.1 83.5 83.5 274.7

Total 18.9 50.4 19.4 61.8 104.4 76.6 52.7 113.6 137.4' 635.2

A total of 635.2 surveys hours have been flown west of 1500 W longitude since

1979, with 57 percent (360.5 h) in the western Beaufort Sea and 43 percent

(274.7 h) in the Chukchi Sea (table 16). There was little survey effort conducted in

the study area from 1979-81 (14%, n =88.7 h), with increased survey effort

dedicated to the area from 1982-87. More transects have been flown in the study

area during the latter half of September and the first half of October than during

either the first half of September or the last half of October (figure 19). The

timing of surveys west of 1500 W depended on the progress of the bowhead

migration from 1979-85, with surveys conducted independent of the observed

progress of the migration only in 1986-87. The termination of surveys in this area

has occurred between 15 and 25 October.

Ice conditions have varied annually, but can be generally categorized as

heavy (1980, 1983), light (1979, 1981, 1982, 1984), intermediate (1985), or pre

dominantly ice-free (1986-87). In heavy-ice years, ice cover remained heavy

(~70%) throughout the fall season. In light-ice years, ice cover in the study area

was ~30% from early September through early October, while in the intermediate

year storms blew relatively heavy ice (~60%) into the area during the last two

weeks of September. During ice-free years, ice cover was < 10% during September

and through at least mid-October.

Sea states encountered on fall surveys ranged from Beaufort 00 to 06, with

Beaufort 01to 03 conditions the most common. Sea states during heavy-ice years

were usually lower (Beaufort 00-02) than during years of light or no ice (Beaufort

01-04) due to the dampening influence of the ice cover. Fog and/or high sea states

often caused surveys to be truncated or aborted in the Chukchi Sea, where open

water conditions generally extended into the latter part of the survey season.
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Table 17.: : Semimonthly sighting summaFy (no. sightings/no. whales) of bowheads
seJn west of 1500 W in the Beaufort and ndrtheastern Chukchi Seas, 1979L87•

September October
1-15 16-30 1-

1

15 16-30 Total

I I
1979 0 0 1/115 15/27 16/32

I
1980 0 0 5Y7 a 5/7

I
6¥71981 0 0 0 6/7

I
23b71982 0 14/15 1/1 38/53

I
13h81983 2/4 27/35 7/11 49/68

I
40¥611984 0 21/152 11/20 72/233

I
21 ¥411985 0 0 1/1 22/42

I
12h61986 0 2/2 1/2 15/20

I
17b71987 0 4/4 7/7 28/38

I
2/4 68/208 138b19 43/69 251/500

1

,Total

I I
Ii:

Bowhead ,.whale

a. Patte~ns of Distribution, Relative Abundance p and! Density
> t

The~~ were 251 sightings of 500 bowheads made west of 1500 W during

September jand October since 1979 (table 17; figure 20). The distributioh of whales

in \ 987 w:as similar to, but not comprehensive of, that of past years. I' Only four

boJ,headsih'ave been seen west of 1500 W ,~uring the first half of September (figure

20)1. Notably, these whales were seen in 11983, a year of heavy-ice covet when the

bo~head 'miigration peaked somewhat ear~ier in September than in 1igh~-ice years

(Lj~ngblacl Ft al., 1987). Two hundred ei:~ht bowheads have been seen :during the

latier half pf September (figure 20), with jmost of these whales (73%, n 1= 152) seen

in 1984 when aggregations of feeding whales were seen near Barrow. Two hundred

nin~teen MWheads have been seen in the lfirst half of October and 69 1hales were

se~n during the latter half of October. As in late September, most bowheads in

Oc~ober wEtre seen relatively near shore 10-50 km) between Lonely and Barrow in

thJ western Beaufort Sea, and dispersed! from 2 to 80 km from shoJe between

Bairow "'1dlIcy Cape in the. eastern ChUkclfi Sea (figure 20).I Re1attve abundance was highest in block 12 overall (WPUE =2.16; table 18).

Su~veys were not routinely conducted in blocks 11-18 until 1982, and most
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Figure 20. Semimonthly distribution of 251 sightings of 500 bowheads, 1979-87: 2
sightings of 4 bowheads, 1-15 September; 68 sightings of 208 bowheads, 16-30
September;
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Figure 20 '(aontd). 138 sightings of 219 bO~heads, 1-15 October; 43 sightings of 69
bowheads, 16-31 October. Polygons in the Beaufort Sea represent OCS leasing
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areas.
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Table 18. Bowhead relative abundance (WPUE =no. whales/hours of survey effort)
for survey blocks west of 150oW, 1979-87.

1979

September October Total

Block Hrs BH WPUE Hrs BH WPUE Hrs BH WPUE

3 0.65 0 7.36 27 3.67 8.01 27 3.3711 0.00 0 1.29 0 1.29 0
12 0.42 0 7.14 5 0.70 7.56 5 0.6613 0.00 0 0.19 0 0.19 0
14 0.00 0 0.00 0 0.00 0
15 0.00 0 0.00 0 0.00 016 0.00 0 0.00 0 0.00 0
17 0.00 0 0.00 0 0.00 0
18 0.00 0 0.00 0 0.00 0

Block
Total 1.07 0 15.98 32 2.00 17.05 32 1.88

1980

September October Total

Block Hrs BH WPUE Hrs BH WPUE Hrs BH WPUE

3 12.41 0 20.12 7 0.35 32.53 7 0.2211 0.12 0 1.67 0 1.79 012 0.00 0 1.94 0 1.94 0
13 0.00 0 0.50 0 0.50 014 0.00 0 0.00 0 0.00 015 0.00 0 0.00 0 0.00 016 0.00 0 0.00 0 0.00 017 0.00 0 0.58 0 0.58 018 0.00 0 0.00 0 0.00 0Block

Total 12.53 0 24.81 7 0.28 37.34 7 0.19

1981

September October Total

Block Hrs BH WPUE Hrs BH WPUE Hrs BH WPUE

3 5.34 0 13.34 7 0.52 18.68 7 0'.37
11 0.03 0 0.28 0, 0.31 012 0.00 0 0.37 0 0.37 013 0.00 0 0.00 0 0.00 014 0.00 0 0.00 0 0.00 015 0.00 0 0.00 0 0.00 016 0.00 0 0.00 0 0.00 017 0.00 0 0.00 0 0.00 018 0.00 0 0.00 0 0.00 0Block

Total 5.37 0 13.99 7 0.50 19.36 7 0.36

Underline indicates peak WPUE.
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Table 18 (contd).

I,

198'2 I
OlctoberSeptember Total iI I,

!

IBlock Hrs BH WPUE Hrs BH WPUE Hrs BH WPUE

3 16.22 13 0.80 3.63 9 2.48 19.85 22 1.11
11 4.56 li - 5.35 1 0.19 9.91 1 0.10
12 4.58 2 0.44 8.01 15 1.87 12.59 17 1.35

Ii 13 1.48 0 - 4.34 12 2.76 5.82 12 2.06
14 0.00 0 - 2.46 "1 0.41 2.46 "1 0.41
15 0.00 0 - 0.12 0 - 0.12 0 -
16 0.00 0 - 0.00 0 - 0.00 0 -

I17 0.00 0 - 3.81 0 - 3.81 0 -
18 0.00 0 - 2.00 0 - 2.00 0 -

Block
Total 26.84 15 0.56 29.72 38 1.28 56.56 53 0.94 ....,

i I I
19:n

i
I I:

September TotalI qctober
I

Block Hrs BH WPUE Hrs BH WPUE Hrs BH WPUE
,. I3 13.22 8 0.61 6.13 3 0.49 19.35 11 0.57

11 13.10 7 0.53 5.81 0 - 18.91 7 0.37
12 10.69 18 1.68 10.74 8 0.74 21.43 26 1.21

I
13 3.28 3 0.91 8.88 13 1.46 12.16 16 1.32

: 14 0.87 0 - 3.95 (5 - 4.82 0 - I15 0.00 0 - 3.73 0 - 3.73 0 -
16 0.00 0 - 0.00 0 - 0.00 0 -
17 0.96 3 3.12 4.29 3 0.70 5.25 6 1.14

I18 0.00 "5 - 4.61 2 0.43 4.61 2 0.43
Block

: Total 42.12 39 0.93 4&.14 29 0.60 90.26 68 0.75

i 19j4 I
:

~
, September <pctober Total

I
Block Hrs BH WPUE Hrs BH WPUE Hrs BH WPUE

; 3 10.94 2 0.18 17.68 22 1.24 23.62 24 0.84 -: 11 4.17 0 - 5.57 17 3.05 9.74 17 1.75
; , 12 5.63 148 26.29 15.58 37 2.37 21.21 185 8.72I

4.76 2 0.42 10.53 7 0.66
!

13 5.77 5 0.87
, 14 2.79 0 - 0.11 0 - 2.90 0 -,

15 0.00 0 0.00 0 0.00 0 I- - -
16 0.00 0 - 0.00 0 - 0.00 0 -
17 0.75 0 - 1.90 0 - 2.65 0 -, 18 0.00 0 - 0.00 0 - 0.00 0 -,

Block ITotal 29.04 152 5.23 46.61 81 1.74 75.65 233 3.08
,

I

I
.,
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-' Table 18 (contd).I:
1985

I: September October Total

Block Hrs BH WPUE Hrs BH WPUE Hrs BH WPUE

3 4.90 0 12.38 5 0.40 17.28 5 0.29

I) 11 0.19 0 3.00 27 9.00 3.19 27 8.46
12 3.08 0 i3:25 7 0.53 16.33 -, 0.43
13 0.00 0 6.40 2 0.31 6.40 2 0.31
14 0.00 0 2.09 1 0.48 2.09 1 0.48
15 0.00 0 1.00 0 1.00 0,I 16 0.00 0 0.00 0 0.00 0
17 0.00 0 2.69 0 2.69 0
18 0.00 0 2.90 0 2.90 0

Block
Total 8.17 0 43.71 42 0.96 51.88 42 0.81

I 1986

September October Total
'-=-";"l

,,:1'
Block Hrs 13H WPUE Hrs 13H WPUE Hrs BH WPUE

3 6.67 0 8.59 4 0.47 15.26 4 0.2611 2.20 1 0.45 3.80 0 6.00 I 0.1712 4.40 "0 12.09 11 0.91 16.49 11 0.6713 15.57 0 15.71 2 o:TI 31.28 '2 0.06,I 14 9.30 1 0.11 7.80 I 0.13 17.10 2 0.1215 6.45 0 0.39 0 6.84 016 0.44 0 0.00 0 0.44 0I
17 6.68 0 7.35 0 14.03 0IS 3.08 0 2.70 0 5.78 0

I Block
Total 54.79 2 0.04 58.43 18 0.31 113.22 20 0.18

1987

,I September October Total

Block Hrs BH WPUE Hrs BH WPUE Hrs 13H WPUEI

Ii 3 0.98 0 2.02 6 2.97 3.00 6 2.00
11 5.50 0 2:99 a 8.49 "0
12 16.27 2 0.12 15.19 26 1.72 31.46 28 0.89
12N 2.91 1 0.34 7.53 0 10.44 I 0.10
13 22.8ii T 0.04 12.89 2 0.16 35.73 3 0.08
13N 1.92 0 3.47 0 5.39 0

1,1:
14 12.20 0 2.65 0 14.84 0
15 4.35 0 0.00 0 4.35 0
16 0.41 0 0.00 0 0.41 0
17 6.15 0 3.83 0 9.98 0
18 3.03 0 0.54 0 3.57 0I, Block

Total 76.56 4 0.05 51.11 34 0.67 127.66 38 0.30

TOTAL

:11

September October Total

Block Hrs BH WPUE Hrs BH WPUE Hrs BH WPUE

I,ll
3 71.33 23 0.32 91.25 89 0.99 162.58 113 0.70

11 29.87 8 0.27 29.76 45 1.51 59.63 53 0.89
12 45.07 170 3.77 84.31 109 1.29 129.38 279 2.16
12N 2:91 -1 o:J4 7.53 0 ""1'D.ii'il 'I 0.10
13 47.93 6 0.13 54.68 37 0.68 102.61 43 0.42

.1 13N 1.92 0 3.47 0 5.39 0

11 14 25.16 1 0.04 19.06 3 0.16 44.22 4 0.0915 10.80 0 5.24 0 16.04 0i; I 16 0.85 0 0.00 0 0.85 0
17 14.54 3 0.21 24.45 3 0.12 38.99 6 0.1518 6.11 0 12.75 2 0.16 18.86 2 0.11

I' Block, i
Total 256.49 212 0.83 332.50 288 0.87 588.99 500 0.85'I

:1,:,_

I'I" 61



bowheads s~en from 1979-81 were in bloCik 3 (89%, n =41). Consequently, highest

an~ual WPUE prior to 1982 was also in blO(~k 3 (table 18). Between 1982L187, annual
I ' i I (' )relrtive abundance has been highest mos1r frequently in blocks 12 1981and 1986

and 1.3 (198P and 1983); WPUE was highestlin block 11 in 1985 and block J in 1987.

I Annucl.l relative abundance for the study area (i.e., all blocks) rJ.nged from

3'°18 in 1~814, when large groups of feedilfg bowheads were seen, to o.~ 8 in 1986

(table l8h i Annual relative abundance fOlf any survey block, or any yeaL will vary

wi~h (a) tne timing of survey sampling relative to the migration and (~) bowhead

f 'do i 0 0 b f dO I h 1 f dOl I: thee mg opportumtIes, ecause ee Ing l a es are oun In arger groups an

whkles that are not feeding (Ljungblad et al., 1986a). Further variafIon in the

vislbiHty ,of single and/or groups of bowlfeads may significantly influehce annual

abJndance I. indices. Visibility bias in aerial surveys can lead to I·...significant
I . I ;

underestimation of population abundance I[Samuel et ai., 1987; Pollock and Kendall,

19in, Eberhardt and Simmons (1987) note] that in practice, most wildlifJ managers

rel~ em abJndance indices to assess populations, and suggest a method 10f "double

sarbpling'" ~s a means of calibrating against absolute abundance estimates (i.e.,

de~sity). : 1A calibration of bowhead .:lbundance indices with annJ~l density

estimates' (~ee appendix B) could be carrieid out, if spatial and temporal!boundaries

we~e defined. Such a calibration would increase the utility of the annual

abJndlance indices presented in table 18. l I

b~ Mi~ition Route, Tioming~ and Habital Relationsrups 0 '

The 'f~ll bowhead mIgration route passes near or through areas In tl'r.e western

Beaufort: S:ea that are designated for, Ior currently involved in, 0~1 and gas

exJlol~ati~n:and development (see figure 20). In past years, the migrator~ route for

bo"'heads;i~ the Beaufort Sea has been dekcribed by analyzing the medi&n depth at
Ii. I I

bowhead ~ightings made on random transects (Moore et al., 1987; Ljungblad et al.,
I , : I I

1987). The: Beaufort Sea has a sloping ba1!hymetry, unlike the rather uniform shelf

ba~hymetty, of the Chukchi Sea, which fclcilitates the use of depth in I,defining a

mikratory route. A seaward disPlacemen11 of the migratory route is repliesented by

a shift to' J deeper median depth via thJ analysis. Between 1979 and' 1986, the

d I h d fl : d be h d 0 0 I h Al k I,ept -e In,e w ea mIgratIOn route across teas an Beaufort Sea ranged

fro~ 20 to ,38 m for all years except 19813 (Ljungblad et al., 1987). xJ 1983, the

me~ian dbpthat random bowhead sightIngs was 145 m. The Offshofe shift to

deJper wat~r in 1983 was most pronounceid in regions of the Beaufort ~ea east of
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1500 \V (regions C and D: see appendix B, figure ;:)-2). ~-'Ol region~ west of 1500 W,

differences in depth-defined migratory route were not consistent and were related

to variations in survey effort'.

Seven random bowhead sightings were made wit1lin region A in 1987. The

median depth at random bowhead sightings for region A in 1987 was 20 m,

shallower than for any prior year except 1984; the sample size was too small to

calculate the 99% confidence limit (table 19). The annual mean depths were tested

using a single-factor ANOV A followed by the Ttlkey test, to, ,deter.mine signific~nt

difference between years (as suggested by D. Chapman, personal communication2).

No significant differences in depth were found between any 2 years in region A,

although there was a trend (p<0.10) for bowheads to be in shallower water in 1984

and 1986-87.

The occurrence of bowheads in shallow water in region A in 1984 could be

attributable to the aggregations of whales seen feeding near Point Barrow that

year (Ljungblad et al., 1986a). Similarly, Braham et al. (1984) report that most

bowheads (172 of 234 sightings) seen west of 1500 W between August and November

1975-78 were in water < 12m deep, and that feeding groups were seen just east of

Point Barrow in 3 of the 4 years. In 1977, when feeding b,owheads were not seen,

bowheads (n =7)~ere seen farther offshore in water> 12m deep. the occurren~e.of

bowheads in shallower water in region A in 1986-87 when few feeding whales were

seen in less easily explained. Underwater noise from OCS oil and gas development

activities has been suggested as a factor that may displace the bowhead migration

offshore (Albert, in ESL, 1986), and several studies have shown that bowheads do

apparently respond negatively to various industrial noise sources at ranges of'~7.5

km (Ljungblad et al., 1984; Richardson et al., 1986; l\-H1es et al., 1987). Concern

that underwater noise displaces bowhead' whales during the fall migration has been

particularly acute in the vicinity of Point Barrow and Barter Island, where a

subsistence hunt for bowheads is conducted each fall. Although an analysis of

depth-related displacement (Zeh, in Houghton et al., 1984), it only approximates.
bowhead distribution relative to shore particularly near Point Barrow, because

depth and distance from shore are not consistently associated in region A (Moore

et al., 1987). A better indicator of annua:l shifts in bowhead distribution can be

described by analyzing the distance of random bowhead sightings from shore

(J. Zeh, personal communication3). Because, as just mentioned, interest in the

potential offshore shift of bowheads near Barrow is most keenly held by native

63



Table 19.: Median water depth, confidency interval (C.I.), mean, standard deviation
(s.d.), and ~ange at random bowhead sight!lngs (SI) in the western Alaskan Beaufort
Se~, regidniA (153030'-1570W). '

, t

RegitDn A
(153030' .L 1570W)

(SI) Median C.I. (99%) Mean s.d. Range

1982 (6) 139 1* 124 75.8 13-210

1983 (9) 144 18-99 117 72.6 18-199
I

198,4 (22) 20 U;-86 48 51.5 13-221

1985 (4) 130
*

110 66.7 15-165

1986 (7) 24
*

44 61.5 13-183

1987 (7) 20
*

73 78.9 5-179

1982··87 (55) 37 20-123 75 69.0 5-221
I ; ;

All depth~ +n meters
it J insufficient sample size

I ;

AILkan Inupiat hunters, an analysis of di:ltance of random bowhead Sig~ti.ngs from

sh!re was jundertaken for the area in wh~ch bowheads are commonly hlunted from

Ba1rrow i~ithe fall, rather than for regilon A. Approximate hunting boundaries

(fi~ure 2h iwere determined from PUbliShl~d records (Courtrage and Bramnd, Assoc.,

19F4; Dur.h~m, 1979). The shortest distanre to shore for random bowhe~d sightings

within the fhunting area was measured using NOAA Navigational Chart No. 16004.

T~l provi~e a general comparison betw(~en years 1982-86, measures of central

teAdf;:nCY: ~ere tabulated. ANOV A and [paired Tukey tests were run to test for

siJnifica~t;differences in bowhead distribution within the hunting area for years

1982-86.:;' 1 II Randpm bowhead sightings between 1982-87 ranged from 1 to 57 km from

shore (table 20; figure 21). The annukl median distance to shore' of random

siJhtingsirknged from 18 to 30 km, withla 6-year median of 28 km. A!,nnual mean

diJtances' 1were not significantly diffelrent (ANOVA F = 0.85, p< Ol50). The
I ' ,I I "

minimum! idistance as significant at 1])< 0.05 with 95% precision :was 10 km
!
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Table 20. Measures of central tendency for distance of random bowhead whale
sightings from shore (km) within the approximate boundaries of the native hunting
area at Barrow, 1982-87.

N Median C.I. (99%) Mean s.d. Range

1982 6 18 * 19.7 11. 71 6-36

1983 9 30 19-41 29.3 7.73 19-41

1984 26 28 12-39 26.4 13.40 6-54

1985 4 18 * 25.8 21.09 11-57

1986 7 29 * 27.7 11.44 12-48

1987 8 21 1-35 19.2 12.87 1-35

1982-87 60 28 19-31 25.3 12.78 1-57

(Zar, 1984). Thus, the axis of the bowhead migratory route, near Barrow falls

between 18 and 30 km from shore, with no significant differences detected

between years.. Interpretations on significant behavioral responses to noise over

distances < 10 km are probably best left to site-specific behavioral studi'es,

however, as the power of the ANOVA to detect shifts in aerial survey sighting

distributionwill not increase appreciably with additiona~ years of data (Zar, 1984).

In the Chukchi Sea, most whales (85%, n =47) have been seen in the

southwesternmost section of the Beaufort Sea planning area, with eight whales

(15%) seen in the Barrow Arch planning area (see figure 20). The migratory route

of bowheads seen in the Chukchi Sea, as described by distribution and swim

direction, has been' one of a general southwest dispersion crossing roughly over
. .

Herald Shoal (Ljungblad et al., 1987). The three bowheads seen in the Chukchi Sea

in 1987 were also swimming in a southwest direction. When these data were added

to those from past years, swimming direction was again significantly clustered

about a southwest heading (figure ~2), indicating that some bowheads disperse

southwest across the Chukchi Sea after passing Point Barrow. These observations

are in general agreement with those summarized in Braham et al. (1984) that "from

Point Barrow the animals appear to move westerly to Herald Shoal and Herald and
~ \ • 1 '

Wrangel Islands, then, south through the Chukchi Sea and into the Bering Sea".
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Figure 21.1 Distribution of random bowhead sightings within the approximate
bo~ndari~sjof the native Alaskan Inupiat f~ll bowhead hunting area (dasHed lines) at
Barrow, 19p2-87.
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The' earliest sighting of bowheads west of 1500 W was of four [hales just

north of ~I1arrison Bay (approx. 710 10'N, 1510 10'W) on 15 Septembe~, 1983 (see

fiJure 20).; Except for 1983 and 1984, T1ative abundance in the stud7 area was

hi~her in'October than September (see table 18) indicating that most ~ha1es pass

t~{OU~h th.b western Beaufort and into lh~ C.h~kChi Sea in October.Ii Swimming

dir,ection' in the western Beaufort wasl sigmficantly clustered about westerly

hekdingsi~ September and October (fig'iJre 23), similar to results of [analYSeS of

siJhtings from the entire Alaskan Beaufort Sea in past years (Ljungblad et al.,
I ' I1987). ,I ,I T~~ :bowhe"ad migration .through 'he western Beaufort and n,ortheastern

Cliukchi S~as appears to occur in pUlses,1 although the. passage of whale aggrega

tidns do :nft appear to be as clearly delrarcated as during the sprinJ migration.

Thte timing of daily relative abundance {WPUE) peaks in the study aJea in 1987
I : ; . I I

began in l~te September and were separa1ted by roughly 5 to 10 days (see figure 12).

Fu~therirherpretation of bowhead molvements across and into t~e western
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a=248OT, r =0.63
z =13.14, p< 0.001

Figure 22. Bowhead swimming direction in the northeastern Chukchi Sea, 1982-87.

Beaufort Sea can be made when WPUE peaks for the western Beaufort are

compared to peak daily abundance for the eastern Beaufort Sea. The highest

relative abundance peaks were recorded in the western Beaufort Sea on 6 October

(see figure 12) and in the eastern Beaufort Sea on 7 October (Treacy, in prep.),

indicating two separate aggregations of bowheads were passing through the Alaskan

Beaufort Sea in early October. Smaller, but again nearly simultaneous, WPUE

peaks occurred in the eastern and western Beaufort Sea study areas between 27-30

September. A bowhead whale swimming approximately 4 to 5 km/h (2 to 3 kn) can

travel across the Alaskan Beaufort Sea in roughly 5 days. Thus, it is possible that

at least some of the whales seen during the daily abundance peaks of 27

30 September in the eastern Beaufort Sea also comprised part of the aggregation

that is represented in the sighting rate peak of 6 October in the western Beaufort

Sea. Notably, the first bowhead sighting in the northeastern Chukchi Sea

(21 September) occurred 5 days after a small relative abundance peak in the

eastern Beaufort Sea on 16 September (Treacy, in prep.).
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Native Inupiat whalers at., Kaktovik maintain that the autumn bowhead

migration is roughly segregated into age classes, with "smaller" whales passing

Barter Island in early autumn, followed by "larger" whales including cow/calf pairs

(Braham et al., 1984). Notably, neither temporal nor 'spatial segregation of

bowhead calves was demonstrated in an analysis of 4 years of calf-sighting data

collected in the alaskan Beaufort Sea (Clarke et al., 1987a). Braham et al. (1984)

also indicate that there may be a division in the bowhead fall migration with some'

whales leaving the Beaufort Sea as early as July or August. This hypothesis is

suggested as a possible explanation of "simultaneous sightings" of bowheads in the

eastern Beaufort and western Chukchi Seas. Notably, bowheads seen relatively far

offshore in the eastern Alaskan Beaufort Sea in August 1982 were swimming in a

significantly westerly direction and appeared to be migrating (Ljungblad et al.,

1983). It is possible that such an early offshore component passes through, the

Alaskan Beaufort Sea relatively offshore and undetected each year. As noted in

Ljungblad et ale (1986), these whales would not likely encounter OCS industrial

activities in the eastern Beaufort Sea, but may be affected by OCS development

activities in the western Beaufort Sea if their migratory route brings them closer

to shore near Point Barrow.

Bowheads were found most often (60%, n =278) in open water or light ice

« 10%) in the western Beaufort and eastern Chukchi Seas (table 21). Whales that

were not seen in predominantly open water were usually in 71-80 percent ice (14%,

n =66) or 81-90 percent ice (9%, n =43). As noted for past years (Ljungblad et al.,

1987), bowheads were seen each year in whatever ice cover predominated during

the latter half of September and October when the majority of migrating whales

were observed. Porter and Church (1987) note that changes in study area

boundaries can affect inferences regarding the use of particular habitat by wildlife.

Perhaps-inferences regarding the use of particular habitat for bowhead whales are

also affected by the annual variability of that habitat within the study area.

c. . Acoustic Detection of Migrating Whales

Passive acoustics were used in conjunction with aerial surveys to detect

bowhead whales during the westward fall migration in 1986 and 1987. In 1986,

7,152 bowhead calls were recorded between 3 September and 9 October using

sonobuoys modified for extended transmission life and moored approximately 5 km
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Ta~le 21. : Number (No.) and percent (%) o[ bowheads found in each ice cpver class, n1981-87. , '.

, I

IIce Cover,' 1981 198i! 1983 1984
(%) ,

No. (%) No. (%) No. (%) N1O. (%)
I ' I

II-
~45)

T- IOJlO (73)0 24 18 (26) 171

I1J20 0 0 0 :3 (1) ~

21{30 , 0 0 1 (2) 2 (1) I
" '
" : 0 0 6 (9) ..12 (5)31 j40

I41-50 0 2 (4) 2 (3) 10 (4)

51160 a a 4 (6) 2 (1)
~

61-70 a 4 (8) 13 (19) . 1 (1) m
71J80 7 (100) 14 (26) 11 (16) 2 (1 I)

81190 a 7 (13) 13 (19) , ,23 (10) I91~100 a 2 (4) a I: 7 (3)

TOTAL 7 53 68 233 I
"='

lceCover: 1985 1986 1987 !Total I
(%) No. (%) No. 1(%) No. (%) No. (%)
I I:

I
0110 11 (26) (85) (97)

I:
(60)17 37 278

11ho a a a 3 (0.5) I21130 a a a 3 (0.5)

31
1

40 a a a 18 (4) I41..50 a 2 (10) a 16 (3)

51160 a a a 6 (2)

I61.,.70 1 (2) a a : 19 (4)

7lf80 30 (72) 1 (5) 1 (3) 66 (14)

a a a 43 (9) I81-90

91}100 a a a , 9 (3)

TOTAL 42 20 38 ~61 Ii

~

I
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Table 22. Hours of recording, number of bowhead calls, call rate, and sighting rate
~W~UE) for days on which whales were recorded at the acoustic monitoring stations
in 1986 and 1987.

1986: Barter Island 1987: Barrow
No. Call No. CallDate Hours Calls Rate WPUE Date Hours Calls Rate WPUE

3 Sep 10.3 1 0.10 2.99 18 Sep 7.1 34 4.79 09 Sep 23.4 2 0.09 0 30 Sep 11.8 3 0.25 0.6011 Sep 10.0 1 0.10 1.54 3 Oct 3.9 48 12.31 012 Sep 8.6 2 0.23 0 5 Oct 8.7 76 8.74 0.4618 Sep 23.0 32 1.39 * 6 Oct 11.6 238 20.52 12.7619 Sep 14.6 106 7.26 0.37 15 Oct 8.7 27 3.10 020 Sep 23.9 119 4.98 0 16 Oct 7.5 81 10.80 0.9125 Sep 8.2 52 6.34 1.88 19 Oct 7.8 15, 1.92 027 Sep 23.1 661 28.61 * 20 Oct 8.7 2 0.23 028 Sep 23.8 2100 88.24 5.52 21 Oct 8.7 7 0.80 029 Sep 21.7 534 24.61 0
30 Sep 7.4 55 7.43 *1 Oct 22.3 1566 70.22 2.41

2 Oct 21.9 1373 62.69 *3 Oct 23.2 375 16.16 *6 Oct 9.4 136 14.47 2.54
7 Oct 22.1 35 1.58 *9 Oct 6.6 2 0.30 0 * =no flight

north of Barter Island, Alaska. In 1987, 531 bowhead calls were recorded between

18 September and 21 October from standard sonobuoys deployed from the survey

aircraft near Barrow, Alaska. Bowhead calls recorded in both years were similar to

those described in earlier reports (Ljungblad et al., 1982b; Clark and Johnson,

1984). Most of the calls were tonal frequency-modulated (FM) moans, with the

more complex amplitude-modulated (AM) trumpet-type calls recorded much less

frequently. The relatively high incidence of tonal calls is in keeping with the

reported trend for migrating whales to produce mostly FM type calls, and

socializing whales to produce more AM type sounds (Ljungblad et a!., 1986b; WUrsig

et al., 1985).

There was significant correlation between bowhead calling rates (CR) and

aerial survey sighting rates (WPUE) in 1986 (r =0.700, df =10, p< 0.02), and 1987
. ..

(r = 0.764,df = 8, p< 0.02), but not for the combined data from both years

(r = 0.417, df = 20, p< 6.10; table 22). Although WPUE and CRwere strongly

correlated in both years, it appears that the whales seen were not necessarily those
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Table 23. 'Summary of hourly call rates n~corded at the acoustic statiops from a
moOred SOh6buoy (1986) and from routin~~ sonobuoy drops during aerial surveys
(l98~7).,

* =no recbiding effort; - =no data recorded
, ; I

f :

Hour (local)

0000-0100
" 9100-0200
, 0200-0300

9300-0400
9400-0500
9500..;0600
0600-0700

. 0700-0800
~ 9800-0900

9900-1000
1000-1100
1100-1200
1200-1300
1300-1400
~400-1500

1500-1600
1600-1700
1700-1800
l800-1900
[900-2000
:2000-2100
~100-2200
~200-2300

2300-0000

1986: Barter Island

392
401
283
328
315
225
250
312
256
183
219
230
314
257
239
497
252
227
322
309
240
298
451
352

,

1987: Bar.row

*
*
*
*
*
*
*
*
*

3
1

32
17
50
11
75

151
171

19
1
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difference was not statistically significant (p'<O.lO). In 1987, 75% (n :: 397) of all

calls were recorded between 1900 and 2200, several hours after surveys were

terminated due to darkness. Notably, the first calls recorded in 1986 occurred

when bowheads were not seen within the boundaries of the acoustic station and in

1987 calls were recorded 3 days before the first bowhead sighting of the season.

These preliminary results are encouraging because they suggest that acoustic

monitoring may be a cost effective way to assess the migratory timing of bowheads

swimming near shore. Passive acoustics reliably indicated the presence of

bowheads at rates comparable to sighting rates derived from aerial surveys, and

extended data acquisition through periods when surveys could not be flown due to

darkness or bad weather.

Passive acoustic techniques that used an array of three or four hydrophones

were utilized during the spring bowhead migrations from 1980-85 (Clark et al.,

1986; Cummings and Holliday, 1983) to localize and track calling bowheads, and in

this way augment visual sightings recorded at ice-based census camps. Acoustic

data were subsequently incorporated in the population size estimate for the

Western Arctic bowhead stock reported to the IWC in 1987 (Zeh et al., 1987). It is

important to differentiate between the results reported here and those of the

passive acoustic tracking work. While it is tempting to interpret the three seasonal

peaks of bowhead calling, or the daily peaks within these periods, as corresponding

to aggregations or pulses of whales passing the monitoring site, these inferences

cannot be supported by data gathered from a single omnidirectional hydrophone.

Without directional information on incoming calls, it is impossible to determine if

"more" calls corresponds to "more whales", or to just a few whales that remain

within range of the hydrophone for a relatively long time. On peak call rate days,

it seems likely that at least some bowheads were socializing and calling within

range of the hydrophone, and not actively migrating past the monitoring site •

Amplitude-modulated "growls" and trumpets" were commonly recorded on days of

peak call rates in both years, while calls on other days' were u~ually FM "moans".

The AM calls have been recorded more often near socializing rather than migrating

whales, although this association is not a statistically significant one (Ljungblad

et al., 1986; WUrsig, et al., 1985). In addition, AM "growls" were positively

correlated with call rate (r =0.216, df =85, p< 0.05) in a sample o'f calls recorded

during aerial surveys over several seasons (Ljungblad et al., 1986)~
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Alth~ugh it is not possible to infer bowhead number or rate of passage from

the acousttC data collected from a singlEl omnidirectional hYdroPhone,I'the signifi

caht corr~lation of calling and Sightingl rates, and the extended period of data

ga~hering isupports the contention tha1l passive acoustic monitorin~ could be

de:velOpe? ~s a valuable and cost effecti)e tool to assess the timing of ~he bowhead

fail migra~ion. I,

I It is !important to note that the su(~cess of any acoustic detection study will

d d :. 1 d· . 11 d . . I .. thepell1 on enVlronmenta con It10ns tilat are con UCive to mamtammg e

nelcessart lield e qui pment. The 1986 fi ei!d season was unusually mild 'Iwith ampIe

pe1riods ~e~ween storms that usually allowed the moored sonobuoy sy~tems to be

reflaced:ar timely intervals: . In 1987, o4n water conditions persisted tear Barrow

until wel~ ~nto October, facilitatmg sonobuoy deployment. A season of prolonged

stbrms 01' ~eavy ice would have likely led to fewer acoustic results in boih years.

I ~a~sive acoustics is ~ecomi~g a.1lI i.mp~rtant su:plem~ntal tefh~ique for

detectmg ;cetaceans, assessmg theIr dl~~tnbutl0n and mferrmg somefhmg about

thkir behaYior. Additional examples of ifhe utility of bioacoustics in the study of

mk.rine 0).~mmals include an assessment clf diurnal haulout patterns for ".two species
I .': I,

ofj Antar,ctic seals (Thomas and DeMaster, 1982), and an assessment of winter

ddtribut(O~ and relative abundance for Jalruses, ringed seals, and bear/ded seals in

th~ High il\rctic (Stirling et al., 1983). Thus, as Thomas et al. (~:986) notes,

bibacousti~S is a powerful tool that can extend data-gathering periods beyond

vitual limi~ations and enhance our overalll understanding of cetacean dehavior and
I : .

movements•
. I
i I

d. Behavior
, I

Most: bowheads (51.5%, n =247) seen in the western Beaufort and Chukchi Sea

stl:ldyar~~ were migrating; 225(47%)' wlere swimming and 22(4.5%) ~ere diving(4ble 24?-i Whales that were not migrati'rg were most of,ten feeding 07j%' n = 176),

with 22(~'f%) whales recorded as resting, 6(1%) milling, 12(2%) involved in cow

cdu inte["~ctions, and 19(4%) displaying. I The ratios of behaviors varie~ each year.

Mbst not~~ly, the proportion of feeding whales in 1984 (60%, n =140) fkr exceeded

th~t of rJy other year (table 24; figU+ 24). As described in LjU~'?blad et at.

(l986a), l~rge aggregations of feeding bowheads were seen relatively near shore

ju~t east; ~f Point Barrown 1984. Simillr aggregations have not been '.seen during

a+ othe~ [year of this project, but have lbeen reported for years prior/to 1979 by

other re,searchers (reviewed in Ljungblad et al., 1986a). The prjoportion of

~whead~ keen feeding was also relativel~ high in 1985 when a group of 18 whales
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Table 24. Monthly summary of bowhead behavior, 1979-87.IIi
Total (%)

'1_-- Behaviour Year September October

:1 Swim 1979 a 5 5 (16)
1980 a 1 1 (14)
1981 a 2 2 (29)

il 1982 7 26 33 (62)
1983 31 15 46 (68)

·1984 14 56 70 (30)

11
1985 a 16 16 (38)
1986 a 17 17 (85)
1987 4 34 35 (92)
Total 56 172 225 (47)

I Dive 1979 a 5 ·5 (16),':,'
1980 a 3 3 (43)--'

1981 a 3 3 (42):il 1982 1 3 4 (8)
1983 2 1 3 (4)
1984 a 3 3 (1)

;1 1985 a 1 1 (2)
Total 3 19 22 (4.5)

Rest 1982 2 6 8 (15);'1 1"984 a 10 10 (4)
1985 a 4 4 (10)::

<.--' Total 2 20 22 (4.5)

'il Feed 1982 5 a 5 (9)
1983 a 10 10 (15)
1984 138 2 140 (60)

III'
1985 a 18 18 (43)
1987 a 3 3 (8)

~,---- Total 143 33 176 (37)

Iii Mill 1979 a 3 3 (9)
1983 a 2 2 (3)
1985 a 1 1 (2)
Total a 6 6 (1)I Cow-calf 1980 a 2 2 (29)
1981 a 2 2 (29)

I
1982 a 2 2 (4)
1984 a 4 4 (2)
1986 a 2 2 (10)
Total a 12 12 (2)

I Display 1979 a 3 3 (9)
1982 a 1 1 (2)
1983 6 1 7 (10)

I 1984 a 5 5 (2)
1985 a 2 2 (5)
1986 a 1 1 (5)

I Total 6 13 19 (4)
*Behavior was not recorded for 18 whales: 16 (50) in 1979; 1 (14) in 1980;
and 1 (1) in 1984.
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Fi~Ure 2~.· Distribution of feeding bowheads in the western Alaskan Beaufort and
northeastern Chukchi Seas, 1979-87.

I ::
(43%) wer~ observed repeatedly diving c~nd milling near the shelf break north of

Hlrrison :Bay (figure 24). Ten (15%) wha1les were seen feeding in 1983, :nine in the

no1rtheastefn Chukchi Sea and one just Jest of the position of the ferding group

se~n in 1,985. Five and three bowheads rere noted as feeding in 1982 and 1985,

re~pectively. The whales seen in 1982 were north of Harrison Bay, simtlar to those

ar~as where feeding whales were seen in 1983 and 1985. The feeding ~hales seen

inl1987 ,Jere just west of the Point Barrow peninsula near wher~ the large

aggregatio~swere seen in 1984. As reporited in Ljungb1ad et a1. (1986aJ 1986c, and

19'87), migrating bowheads stop to feed opportunistically along theJ migratory
I ; ,. 11

route. In the Alaskan Beaufort Sea, feeding whales were found in shallower water

an'd light~~ ice cover than whales that wE~re not feeding, indicating tha~ the annual

aV~ilabili,t:Y of prey will influence anlnual bowhead distribution Jnd habitat
! I i

preferenc~ to some degree.

e!' Ca~f ISightings

Fif't~en bowhead calves have been seen in the study area since 1979 for an

overall ratio of calves to total number 01! bowheads of 0.03 (table 25). Two calves
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Table 25. Monthly summary of, bowhe'ad calf sightings and calf-to-total bowhead
ratio ( ).

Year September October Total

1979 0 0 0
1980 0 1(0.15) 1(0.15)
1981 0 1( 0.15) 1( 0.15)
1982 0 1(0.03) l( 0.02)
1983 2(0.05) 2( O. 07) 4(0.06)
1984 0 3(0.04) 3(0.01)
1985 0 3(0.07) 3(0.07)
1986 0 2(0.10) 2(0.10)
1987 0 0 0
Total 2( 0.01) 13(0.05) 15(0.03)

were seen in September 1983 in the northeastern Chukchi Sea and all others were

seen' in the western Beaufort Sea in October. The resultant ratio of calves to all

bowheads was 0.01 in September and 0.05 in October, values that fell within the

range of those calculated for the Alaskan Beaufort Sea (Clarke et al., 1987a). As

~eported in Clarke et al. (1987a), the distribution of calves was not significantly

different, temporally or spatially, from that reported for all bowheads.

Gray Whale

a.' Patterns of Distribution, Relative Abundance, and Density

Fall surveys have been conducted in the western Beaufort and northeastern

Chukchi Seas in August, September, and October since 1982. There were 159

sightings of 441 gray whales over five survey seasons (1982-84, 86-87), with' no

sighiings in 1985. Within the study area (680 N to nON, 1500 w to 1690 W) in

September and October only, 141 sightings of 394 gray whales were made (table 26)

and are reviewed here, Gray whale data for July and August were reviewed in

Clarke et al. (1987b) and Lj ungblad et al. (1986b, 1987).

The distribution of gray whales in September each fall, except 1985, has been

primarily nearshore between Point Franklin and Point Barrow (figure 25). In 1986

87, grays were also seen in offshore areas out to 1630 W. Grays were seen north

and east of Pofnt Barrow in 1986 and south of Point Hope in 1987, the first year

considerable flight effort was directed to that area in September. In October, the
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Ta?le 26.: iMonthly summary of gray whale sightings (number of sightings/number
of whales), 11982-87. .

I ,

dol °b 0;) f °d I dOh 0 hOI I: h f h-istn utu;>n 0 grays was more Wi esprea ,wit Sig tmgs a ong ml!1c 0 t e

noJtheast~rn Chukchi coast between POir~t Hope and Point Barrow (fiJure 25), as

w~ll as oifJhore to 115 km. ]:I The: ~ighest gray whale relative abundance in the Chukchi Sea was.. calcu1ated

fo~ block: 22 (WPUE =3.66), with le~lser WPUE calculated for I:blocks 13

(WfUE =2~?7} and 14 (WPUE =1.67) (table 27). Monthly WPUE values \\tre highest

in block ?~ in both September and octotler. Relative abundance decreased from

Se~temberland October in the three north!ernmost blocks (12, 13, 14), an~ increased

in lthe mo~e southerly blocks (17, 18, 20), corresponding with reports that gray

whales be~in their fall migration from ~lummer feeding grounds in mId-October.

M~ore et.a,: (~986a) report~d ~hat, based Ion comparative bowh~ad and 'gray whale

abundance !mdices, the maJonty of grays appeared to have migrated 'out of the

no}thern C~ukchi Sea by October as bowh(~ads began migrating into the ~rea.I De~s~ty calculations for 1982-87!reflect relative abundance talues. In

September; density was highest in block :22 0.56 whales/100 km 2), with relatively
Iii I I,

high densities in blocks 13 (0.42 whales/100 km 2) and 14 (0.25 whales/100 km 2). No
I • i 0 I 0 I:'

whales were seen on transect m b10ckis 12 and 17, so denSity could not be

calculated) Densities were much lower irl October, with the highest value in block

20 (0.09 y.,~ales/IOO km2l, and lower numlbers in blocks 18 (0.05 Whalei/lOO km2l,
13 (0,,04 w~ales/ 100 km 2), and 14 (0.02 whales/ 100 km 2). None of the whales seen

in IOctob~r\in blocks 12, 17, or 22 (Where) abundance was relatively hiJh) were on

transect, 'S0 no density was calculated for those areas.
I

,
!

Year I (

1982

1983 I

1984

1985

1986

1987
I

Total :

September

5/18

1/2

7/70

o
42/130

40/92

95/312

October

6/8

6/io
6/12

o
15/26

13/26

46/82

Toltal

1J26
I

7/112

13182
I'o
I;

57/1156

53~1118

1411394

I:
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,'I Figure 25. Monthly distribution of gray whales in the western Alaskan Beaufort
and northeastern Chukchi Seas in relation to Chukchi Sea planning area, 1982-87:
95 sightings of 312 gray whales, September; 46 sightings of 82 gray whales,
October.
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October TOTAL
No. WPUE No.

I;
WPUE

3 0.04 29 0.24
47 0.87 241 2.37
12 0.63 74 1.67
5 0.21 7 0.18
3 0.24 3 0.16
5 0.78 5 0.35
7 1.66 35 3.66

82 0.40 394 1.07

0.58
4.05
2.46
0.14

4.71
1.90

Ii
whale abundance (WPUE =no. whales/hours of survey

26
194
62

2
o
o

28
312

Ta.ble 27:.! Monthly gray
efrrt) by ~lock, 1982-87.

Month Septem ber
BlOck No. WPUE

I-,--i-"-----------i------------1r-----
112
113
114
117
118
:20
,:22

Tchal
I

, t

lb. Ha~iiat Relationships and Behavior

Most! (95%, n =373) of the 394 gray whales seen in September and October

si1ce 198;2:were in open water or light « b0%) ice cover , with 4 percenJ (n =16) in

relatively, !heavy (71-90%) ice cover, arfd the remaining one percenlt (n =5) in

mJderate (30-60%) cover. Grays were f()und in water depths ranging from 5m to

64r ex = :2~.8, 12.6 s.d., n = 141). Whales lseen along the shoreline appeJ.ed to be in

water sh~l~ow enough to allow them to rest on the bottom. I:I Th~ ,/,ajority (85%, n = 355) of gra+ seen were feeding (table 28~, and were

often sighted in the presence of mud plumes. Sightings may have beeh biased to

arlas wherie mud plumes were seen becaule of the known association be{ween grays

an~ Plum~+ However, a number of mud Illumes were also seen withoutlany whales

prbse:nt (see figure 15), thereby POSSil~lY diminishing any bias introduced by

IIsikhting~ bn mud plumes". Most feeding) gray whales (81 %, n = 273) Jere seen in

th~ near~hbre areas of blocks 12, 13, 17 1, and 22, with the remainder ;(19%) seen

oflshore !n! blocks 14 (n = 63) and 18 (n = ~). Grays have also been seet swimming

(11 %, n :d 45), diving (l %, n =5), and res1ring (l %, n =4). Three gray whales were

oblerved :i~volved in mating activity and cine was seen breaching. ;
1 i

c. Calf Sightings
~, :

Two gray whales calves were seen in September and October ovet six survey

seasons. dne was seen on 7 September JI986 among a group of 12 adJlts feeding
I I I I:

northeast, of Point Barrow (71 0 28'N, 156Cj18'W), farther north than any ralves seen

dU~ing summer surveys from 1980-85 (Ljungblad, et a1., 1986b). And one was seen





with an aC,companying adult on 1 Septemper 1987 just north of Point HOpe, near a

grhup of :15 immature whales that appearE~d to be feeding. Calves were seen in this
I ' , I

same area!in July 1985 (Clarke et al., 1987b). Resultant calf-to-total whale ratios

wJre 0.6%!in 1986 and 0.8% in 1987. I . I,I Gr;yi w~al~ c~l~es have been see'r al~ng the c~astal Chukchi Sea .in past

years, o~,ten In sigmfIcantly greater prO)!>ortlOns than In the northern I. Bermg Sea
I ,. i I

(Moore etal., 1986b). Except for the two calves seen during September and one

se~n in biock 13 in August 1983 (LjUngblald et al., 1984), all .calves hav~ been seen

in July. i '. II:
Sigh~ings indicate that at least some gray whale cow-calf pairs commonly

travel as'!~r north as the northeastern Ch~kChi and extreme northwestern !leau!ort

Se1as. Se~regation of cow-calf groups ih Alaskan waters was indicatfd for data

ga1thered i in July 1981-83 with significa+lY lower gross annual recrui1ment rates

(dA RR) ii~ the Bering Sea than in the Chukchi (Moore et al., 1986b). The

nolrtheaste~n Chukchi Sea may be a more ~mportant area for cow-calf p~irs in mid-
I' : I· I'

summer Pjuly) compared to late summerl and fall (August-October). Calves have

nolt been .s~en in any appreciable numbers in fall perhaps because they ~igrate out

Oft the a~e~, either south to the southenh Chukchi and/or northern BeJing Seas or

sOllthwest-1ard to the Chukchi peninsula. Surveys flown in the southerJ· Chukchi in

Se~temb~q 1987 (as recommended in Lj1!Jngblad et ai., 1987) resulted lin the only

gt1ys seen!in the area were mostly (75%, h=21) immatures, further indicating that

hI "b 1· 1 . I .. Jil ht· e area may e re ative y important as a nursery or weanmg area SimI ar to t ose

se~n alon:g'the Soviet coast (Krupnik et all, 1983). I:I ThO; [extreme northern extension 10! their range is somewhat;' surprising

hOjever" fince cow-calf pairs appear fO leave the breeding lagoops of Baja

California Iafter all other adults have leU. The coastal Chukchi Sea may present

be.'tter c6.n~.itions aft.er all other adults 1~I.ave left. The coastal ChUkdh.i Sea mayI ' ' 1

present De~ter conditions for both cow and calf than the central Bering/Sea, which

ap..~ears td be the most important graly whale feeding ground (NJrini, 1984;
, i I I'

Mbore etal., 1986b). Although the productivity of the northeastern Chukchi

apkars to ' be lower than that of the ncfrthern Bering Sea, feeding otportunities

sp~cifically in the nearshore coastal zon,b combined with reduced combetition for
I : I . I

preferred prey from other adult grays may enable the cow to feed successfully.

A~d Kru~n':ik et ale (1983) indicated tha~ females and young animals ~emained in
I ; i I.

shallow co~stal areas as an adaptation to the higher respiratory rate of, the young.
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Table 29. Monthly summary of belukha sightings (number ot sightings/number of
whales), 1982-87.

Year September October Total

1982 0 20/374 20/374

1983 114/1057 52/513 166/1570

1984 25/204 65/204 90/408

1985 9/119 27/95 36/214

1986 5/14 25/157 30/171

1987 38/214 12/58 50/272

Total 191/1608 201/1401 392/3009

The northeastern Chukchi may also provide protection for both the calf and cow

from potential predators, such as killer whales (Orcinus orca) (Braham et al., 1981;

Ljungblad and Moore, 1983).

Other Marine Mammals

a. Be1ukha

Since 1982, 292 sightings of 3009 belukhas have been made in the western

Alaskan Beaufort and northeastern Chukchi Seas (figure 26, table 29). The

majority (82%, n = 2472) of these were seen in the Beaufort, with 18 percent

(n =537) in the northeastern Chukchi. Over half were seenin 1983 (52%, n =1570).

Belukhas have been seen from approximately 6 to 175 km from shore (figure

26). The distribution in September was mostly offshore in deeper" water east of

154oW, and consistently nearer to shore west of 154oW, apparently following the

50-m contour towards Point Barrow. Be1ukhas were distributed both nearshore and

offshore in the Chukchi Sea. Belukha distribution in October was similar to that in

September, although sightings were more widespread in the Chukchi Sea.

Areas of greatest relative abundance (WPUE) in September were block 11

(WPUE = 23.08) and the unblocked area directly north of block 11 (Surveyed only in

1987) (WPUE = 31.85) (table 30). Abundance was also high in blocks 12-N
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Table 30. Monthly belukha abundance (WPUE = no. whales/hours of survey effort)
by block, 1982-87.

Month September October TOTAL
Block No. WPUE No. WPUE No. WPUE

3 5 0.09 298 5.191 303 2.93
11 686 23.08 249 9.39 935 16.63
12 597 13.37 561 7.49 1158 9.69
12N* 46 15.81 30 3.98 76 7.28
13 199 4.15 138 2.56 337 3.31
13N* 2 1.04 16 4.61 18 3.34
14 28 1.11 65 3.41 93 2.10
15 2 0.19 11 2.10 13 0.81
16 0 0
17 0 10 0.42 10 0.26
18 0 22 1.73 22 1.17

Unblocked* 43 31.85 1 3.33 44 26.67

Total 1608 6.73 1401 5.04 3009 5.82

* = data from 1987 only
Bold in~ficates peak WPUE

(WPUE = 15.81) and 12 (WPUE = 13.37). In October, abundance was highest in

blocks 11 (WPUE = 9.39) and 12 (WPUE = 7.49). Overall,block.11 had the highest

WPUE for 1982-87 at 16.63.

Mean depth at sightings averaged 481m (range 7-3118m, 702 s.d, n = 392), and

decreased from September ex =681m, 839 s.d., n =391) to October (X =293m,

471 s.d., n = 201). Belukhas were seen in ice cover ranging from 0-99 percent

(table 31), although the majority were seen in relatively heavy (61-'99%) ice (70%,

n = 2111). This may indicate habitat preference, but may also be related to the ice

,conditions present in the study area during a particular fall season. More than half

of all be1ukhas observed were seen in 1983, a year of exceptionally heavy ice

(Ljungblad et al., 1984).

TJ:le majority of belukhas (73%, n = 2191) seen were swimming or diving (73%,

n = 2204). Other behaviors included milling (6%, n = 185), resting (3%, n = 90) and

cow-calf interaction (l8%, n =5.30). They maintained a significantly westerly

heading in the northwestern Beaufort Sea throughout fall (2550 T, r = 0.34,

z = 27.13, p<O.OO1). In the northeastern Chukchi Sea, headings were significantly

clustered around 2540 T (r =0.32, Z = 5.29, p< 0.01).
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(17)
(4)
(3)
(1)
(3)
(2)

( 11)
(22)
(33)

(4)

Total
No·1, (%)

I:
512

I

108
84
28

I

9~
69

I

32(j)
653

I

1006
132

Ii
3009

Ii

(21)
(3)
(0)
(1)
(2)
(0)
(8)

(28)
(31)

(6)

291
43

6
9

25
4

110
387
440
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October
No. (%).

1401

(14)
(4)
(5)
(1)
(4)
(4)

( 13)
(17)
(35)
(3)

221
65
78
19
72
65

210
266
566

46

September
No. ('%)

1608

(No.) and percent (%) of belukhas found in each ice coverTable 31. i Number. . ..~

class, 1982...87.

I
' i

: ;.: i
, ,

Ice Cover:I ('%) ;

- 1
0-10

11-20
2f-30
3i-40
4f-50
51-60
6i-70
7t-80
81-90
91-99

I
Total

I

Beltikhas seen in the Alaskan BeJfort and northeastern ChUk1i Seas in

Septembet land October are part of a polpulation estimated at 11,500 '(Davis and

Ev~ns, 1982) that summers in the Canadian Beaufort and overwinters in !the Bering .

and southe~n Chukchi Seas. Most of the[ migration through the Alaskat Beaufort

apJears t6 (pass through offshore areas (qungblad et al., 1987), although sightings

haJe been (nade in shallow nearshore are,ls as weH. As the whales apP10ach Point

Ba)row, th~ migration path has generally f[ollowed the 50-m isobath closer to shore•.

In '1987, an; exceptionally light-ice year , Ji)elukha distribution was furth~r offshore

in the st~dr area (see figure 16) and thel migration did not appear to lfolloW the

50~m contour. Although ice conditions appeared similar, the observed distribution

in 1986 «(jLngblad et aI., 1987) was somlkwhat different from that seJn in 1987.

Bet'ukhas ;wiere in significantly deeper walter in 1987 (x =853m, 1004 std., n =50)

thJn in H8~ (X =421m, 588 s.d., n =31; tl = 2.44; p<0.01). The appareJt variation

in !bserv~didistribution may have been befause transect surveys were f!lown north

of bstabli~~ed survey blocks (north of nOIN) for the first time in 1987. ~owever, a

co+paris~nl of abundance indices in lIunblollcked areas" north of 720 N belween. 1986

(1 belukha/i5.43 hours survey effort = 0.. 18) and 1987 (138 belukhas/117•48 hours

sur~ey eHdrt =7.89) supports the idea that the belukha ~igration inl: 1987 was
I !(I . Ii

farther of:fShore than in 1986. Notably, belukhas were not recorded at the acoustic

mohitorink ~tation in Barrow in 1987. . .'
: I
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b. Walrus

Since 1982, 5483 walruses have been seen in the western Alaskan Beaufort

and .northeastern Chukchi Seas in September and October, (figure 27). Walruses are

usually associated with the pack ice edge (Fay, 1981), and nearly half (46%,

n = 2546) of the total were seen in 1983 (table 32), when the ice was exceptionally

heavy (Ljungblad et al., 1984). Forty-one percent (n =2225), however, were seen in

1987, an exceptionally light-ice year when the only ice present during most of the

season was occasional broken floe. Between 1982-86, the majority of walruses

were seen in October (65%, n =2124), possibly due to the seasonal increase in ice

cover during that month. In 1987, most walruses viere seen in September (99%,

n = 2195), with few seen in October (1 %, n =30) when very little broken floe ice

was available to haul out on and the ice edge was far to the north (see figure 21).

Overall, walruses have been found in all ice covers (table 32), with the majority

(47%, n =2530) in moderate cover (31-70%).

The distribution of walruses has been widespread (figure 27), and appear's to

be dependent on the presence of ice suitable for haUling ,out as well as the

availability of food. The distribution of sightings in 1987 was similar to that in

1986 (Ljungblad et al., 1987),and comprehensive of all other years except 1983,

when walruses were found closer to shore. The difference in distribution in 1983

may have been due to the extremely heavy-ice cover that ,persisted throughout as

walruses tended to stay with the ice edge nearshore. Areas of most intense walrus

feeding have been identified in the northeastern Chukchi Sea (Nelson and Johnson,

1987; Phillips, 1987) south of Hanna Shoal, located roughly within the northern half

of blocks 14 and 15, which is an area where repeated pack ice advancement and

retreat have been observed for the last two--summers (Phillips, 1987). Walruses

were seen there in abundance in 1987 (1680 walruses/19.2 hours survey effort =
87.5 walruses per unit effort), although abundance indices in 1986, when ice

conditions were similar, were much lower (88 walruses/23.9 hours survey effort =

3.68 walruses per unit effort). The difference between these two fall seasons may

have been the absence of broken floe ice suitable for hauling out in fall 1986, which

may have deterred walruses from migrating to the area.

The variability in observed distribution and abundance between years, parti

cularly 1983, 1986, and 1987, illustrates the importance of ground-truthing through

field observations, as opposed to analysis by passive means only (i.e., remote

sensing/satellite imagery). Brueggeman et ale (1987) recommended the use
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Figure 27. Distribution of 242 sightings of 5483 walrus, 1982-87.
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Table 32. Monthly summary of walrus sightings (number of sightings/number of
animals),and number (No.) and percent (%) of walruses found in each ice cover
class, 1982-87.

, . "

Month September October Total
Year

1982 1/1 17/457 18/458

1983 42/906 36/1640 78/2546
",

1984 13/129 3/3 16/132

1985 0 0 0

1986 42/98 8/24 50/122

1987 79/2195 1/30 80/2225

Total 177/3329 65/2154 242/5483

Ice Cover September October Total,
(%) No. (%) No. (%) No. (%)

," 0-10 270 (8) 240 (11) 510 (9)
11-20 610 ( 18) 0 610 (11)
21-30 178 (5) 1 (0) 179 (3)
31-40 100 (3) 30 (1) 130 (2)
41-50 ' 77 (2) 1433 (67) 151.0 (28)
51-60 367 (11 ) 2 (0) 369 (7)
61-70 495 (15) 26 (1) 521 (10)
71':"80 181 (6) 4 (0) 185 (3)
81-90 261 (8) 411 (1?) 672 (12)

91-100 790 (24) 7 (1) 797 (15)

TOTAL 3329 2154 5483
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of a combination of sea-ice monitoring systems, including NOAA a~d Landsat
i ,I j

satellites; 'to ,monitor pack ice advancements, but whether' these systems are

adJqUlate ,JnOUgh to predict annual anirrtal distributions is unclear.~In 1983., a

heJvy-ice' year when most of the northea~tern Chukchi Sea ,was cover~d with ice
I ' ' I I

throughout; fall, the distribution of walruses followed closely that of tne ice edge
I ' ! I" " f'

and was extremely nearshore. Highest walrus abundance was in bloc.k 22 (1491
I ' I I 1

walruses/~.'6 hour's survey 'effort = 414.2 'WIalruses per unit effort), with, relatively
I . : I

high abunaance in other nearshore blocks (block 17 =76.0; block 13 :: 13.3). In 1986
, " I ,I "

and 1987,. the ice edge was well north of study area survey blocks throughout most
, I j

of :faU. Ba~ed on 1983 results, one would except walrus distribution in ,[1986-87 to

be lalong He ice edge, well north of nON. However, few walruses were(seen there.

Instead, W,~lruses in 1986 were seen swim Iring in nearly completely ice~free water

I t' I

in small gJoups (2-25 individuals) througlhout the northeastern Chukchi Sea, with
l ''Ii

relativelY, Ibw abundance indices (1.04 walruses per unit effort). In 1987, walruses

we1re dist!ri'buted among the occasional bl~oken floes in predominantly 6pen water
I ' I - I

through04tl the northeastern Chukchi with significantly higher abundance indices,

Pi:l~ticUl~ht in september (25.99 walruse~ per unit effort). Remote ~ensing and

sa~el1lite i~agerymay not have detectedl.the subtle dif~erences.in i~el,.con~itions
between :1?86 and 1987. Had those techmques been relied on exclUSively without

thi beneflt: offield o.bse~vat.ions,inaccurafe concl.usions. may have be~n rd.raw~ with

regard to 'walrus distribution and abunCiance, mcludmg (a) the distnbution of
,I I i ,-

w~lruses in
l
fall 1986 and 1987 was along the pack ice edge (well north of the actual

oblerved'distribution) and (b) abundance) indices in 1986 and 1987w!ere similar'

behause ~~ seemingly similar ice condi ~ions (observed abundance infices were

siinificant\y different). , I:
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CONCLUSIONS AND RECOMMENDAnONS

Aerial surveys for endangered whales have been flown over the western

Beaufort Sea OCSplanning areas since 1979, with transect surveys over the eastern

Chukchi Sea planning area beginning in 1982. Although there are obvious

, limitations inherent to aerial surveys, flying remains the best means of sampling

these large offshore areas over a short time period. An endangered whale'sighting

data base compiled over several seasons provides an overview to patterns of

habitat use and aids in decision making relative to the leasing and development of

the Alaskan OCS. In 1986, an acoustic monitoring study was conducted from

Barter Island, which provided additional information on bowhead whale temporal

occurrence in the eastern Alaskan Beaufort Sea. In 1987, a similar passive acoustic

monitoring study was conducted at the Barrow field station on an opportunistic

basis. both studies underscored the utility of passive acoustic monitoring for

bowheads during the fall migration by significiantly extending data-gathering

periods and adding important information as to the temporal occurrence of

bowheads within the acoustiC study areas. The following is a conclusion summary

,and recommendations for future field efforts in the western Beaufort and eastern

Chukchi Seas.

Endangered Whales in the western Beaufort Sea (1979-87)

Conclusions

1. Bowhead whales inhabit the western Beaufort Sea 'from mid-September

through October. Whales are generally distributed from 15 km to 70 km from

shore between Harrison Bay and Lonely, and from 1 km to 70 km from shore

from Lonely to Point Barrow.

2. Bowhead whale relative abundance (WPUE) was highest in October for

all but 2 years~ Years in which relative abundance was higher in September

were 1983, when the somewhat earllier timing of migration may have been

related to the extremely heavy:"ice conditions (Ljungblad et al., 1987); and

1984, when large aggregations of feeding whales were observed just east of

Point Barrow in September (Ljungblad et al., 1986a).

3.' The bowhead migration route across the western Beaufort Sea was

centered about the 29-m median depth isobath. The annual variation in

bowhead distribution along the migratory route was not as great as that
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described for the eastern Alaskan I~eaufort Sea (Ljungblad et al.; 1987), nor

as g~eat as the annual variation Iin distribution described foJ bowheads

su~~ering in the Canadian Beaufor11 Sea (Richardson et al., 1985).1 _

4.:There may be some component of the bowhead population thkt migrates

off~hbre and near the ice edge that Igo undetected during fall sur~eys of the

wes:t~rn Beaufort Sea. Although some flights were conducted alolng portions

of t;hr ice front in 1987 with no bO\\!heads seen, little survey effort has been

:;:~~::~ north of nON iatitude tr determine if bowheads are rSSing far

5. ' lAs described in Ljungblad eit ale (1986, 1987), bowheads; swimming

thr~ugh the western Beaufort stop to feed opportunistically, although not
, I,

with ithe annual regularity that feeding is observed in the easte'rn Alaskan

BeaUfort Sea. Principal areas wlfere bowheads have been s~en feeding

include waters along the shelf break just north of Harrison Bay~ nearshore

wat~Jrs just east of Point Barrow, anl~ coastal waters southwest of~arrow.
6. , :Bowhead calls recorded durilfg the fall migration from ~hore-based
aco~~tic monitoring stations were mostly tonal (FM) "moans". These calls

hav~ ibeen asociated most often witlf swimming and resting whaleJ, while the

morFe~ strident (AM) "growl" and "tTmpet" caBs, which have be~r recorded

dur~n? peak-call days at the acoustic stations, are associated withlsocialiZing

wh~lth (Ljungblad et al., 1986; wUrsilg et al., 1985). f
7. I leall rates recorded at the shol~e-based acoustic stations peaked on days

associated with aerial survey sigh1!ing rate peaks, indicating t1at passive

aco~sltic data reflected the passage Iof migrating whales in a sim~,lar fashion

to visual sighting rates. Passive acoustic monitoring providedj important

additional data on bowhead tempor1al occurrence during the 198p and 1987

fal}lrrligrations. f
: I !

i
i

Recommendations j
i I

1. iUne transect aerial surveys should be routinely extended to nON in the

vici~i1ty of Point Barrow (blocks 12-~ and 13-N) to further assess 1the annual

vari'ation of bowhead distribution fJom shore and to determine if there is a

cornp?nent of the fall migration fhat passes Point Barrow sIgnificantly

farth~r offshore than that observed since 1979.
; i
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2. ,In addition to conducting transect surveys in the established survey
,

blocks, transect surveys should be conducted along the ice edge to assess

bowhead occurrence there. It has been reported that bowheads are strongly

associated with the ice edge as they over..,winter in the Bering Sea

(Bruggeman et al., 1987; Ljungblad et al., 1986b: appendix E). A similar

association may exist during the fall offshore over water deep enough to

permit ice-induced upwelling. Upwelling may provide localized areas of

productivity leading to bowhead feeding opportunities along the ice edge.

3. Passive acoustics should be used to monitor for bowheads during the fall

migration both at Barter Island and Barrow. The utility of the Barrow station

would be greatly enhanced if sonobuoys modified for extended service could

be moored directly north of the Point Barrow peninsula, thereby eliminating

the acoustic shadowing caused by the peninsula in 1987 and extending data

acquisition time. The success of acoustic monitoring during 1986 and 1987

recommends this, relatively inexpensive technique as a useful tool in deter

mining when bowheads are in a local area.

4. Bowhead relative abundance indices for the Alaskan Beaufort Sea

should be calibrated using absolute density estimates by the "double

sampling" methods outlined in Eberhardt and Simmons (1987).

Endangered whales in the northeastern Chukchi Sea (1982-87)

Conclusions

1. Gray whales are commonly seen nearshore between Point Barrow and

Icy Cape in September and October; most of the grays seen are associated

with mud plumes and seem to be feeding.

2. Gray whales were seen feeding approximately 160 km northwest of

Barrow in 1986 and 1987. Relative abundance in this area was higher in 1986

than in 1987, indicating that use of this area for feeding varies between
years.

3. Gray whale relative abundance has been highest over the years

nearshore west of Barrow and near Point Hope; the ratio of calves has also

been highest in these areas.

4. Bowheads have been seen in the northeastern Chukchi Sea from late

September through October; the swimming direction of whales seen has been
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significantly clustered about a southwest direction indicating at least some

whale's swim around Point Barrow and disperse across the Chukchi Sea

cro~si!ng roughly over Herald Shoal.

5. i iBowhead and gray whales are seen in the northeastern Chukchi Sea in

late. ~eptember and early October, but there is not much overlap' in their

temp6ral or spatial occurrence (Moolie et al., 1986a).
I

Recommendations
, I

1. ; !Aerial surveys over the northeastern Chukchi Sea should be continued

with ieffort in established survey tlloCks stratified by gray wha~e relative

abUl)dance to further quantify feedinlg and calf weaning habitats.

2. ; iAn extension of transect sUl[veys to the offshore ice edge in the

noriheastern Chukchi Sea could prclvide additional information on bowhead
ii'

and :(Bossibly) gray whale use of this area.

3. ; IResumption of surveys in the Isouthern Chukchi Sea (i.e. blocks 23-25,

Ljung~lad et al., 1986) inlcuding the coastal areas of Kotzebue Sound could
, i I 1

provide additional information on the importance of this area for gray whale

cal)es, and possibly belukha temporall occurrence. ' ;
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APPENDIX A

AERIAL SURVEY FLIGHT CAPTIONS, SURVEY TRACKS, AND

SIGHTING SUMMARIES, 1987
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INTRODUCTION

Dashes (-) indicate data were not recorded.

This appendix consists of flight tracks 1 through 41, depicting aerial surveys

flown over the eastern Chukchi and Alaskan Beaufort Seas in September and

October 1987. Each flight is represented by a survey track, with all marine

mammal sightings plotted, and a caption describing the flight's objectives, survey

conditions and sightings. Each symbol on the flight track/sighting charts

represents one sighting of one or more animals. Additionally, summary

information on bowhead and gray whale sightings is presented beneath the flight

caption in the tabularized format:

SH:: Spyhop

TS :; Tail-Slap

BR :; Breach

RL :; Roll

NA :; None

DY :; Display

MT:; Mate

MP :; Mud Plumes

DY :; Display

FE :; Feed

CC :; Cow-Calf

DE:; Dead

Total number of whales/total number of calves seen

Location (latitude N/longitude W) in degrees, minutes, and tenths

of minutes

SW:; Swim

DI:; Dive

RE :; Rest

MI :; Mill

UB :; Underwater
Blow

Heading in magnetic degrees

Ice cover in percent

Sea State (Beaufort scale)

Depth in meters

Perpendicular distance from the aircraft in meters (altitude x

cotangent clinometer angle)

Sighting cue:

BO:; Body

BW :: Blow

SP:; Splash

Behavior:

DIS

BEH

CUE

HDG

ICE

SS

DEPTH

TII/CII

LAT/LONG
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A daily summary of flight effort and endangered whale WPUE (table A-l) and a

semimonthly summary of all marine mammal sightings (table A':'2) are provided as

an overview of survey effort and sighting data for the 1987 field season. Species

abbreviations used in flight track keys are listed in table A-2.

Eleven surveys (see *, table A-l) were conducted in part, or wholly, east of

15'40 W in the Alaskan Beaufort Sea. All data east of 1540 W are summarized in

Treacy (in prep.).

A-3
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T,able A-L Summary of daily flight effort and endangered whale abundance
(WPUE) :iri the Alaskan Beaufort and eastern Chukchi Seas, 1987.

Transect Connect Search Total Time on Total
Length Lengttl Length Length Transect Time WPUEDate Fit. f1lo. Sea (km) (km) I (km) (krn) (hr:min) (hr:rnin) (whales/hr)

1 Sept 'I Bering 0 0 181 181 0:00 0:44
Chukchi 213 22 883 1118 0:50 4:25 4.08 (GW)

2 Sept ,2 Beaufort 532 94 99 725 2:04 2:53
4 Sept } Chukchi 913 76 231 1220 3:48 5:02 0.99 (GW)
5 Sept 4; Chukchi 484 68 214 766 1:56 3:10 1.89 (GW)
6 Sept 5* Beaufort 650 100 387 1137 2:31 4:21
7 Sept 6, Chukchi 100 23 374 497 0:24 2:05 2.40 (GW)

I Beaufort 306 70 44 420 1:12 1:41
8 Sept '1 i Chukchi 316 50 616 982 1:15 3:52 0.52 (GW)
9 Sept 8 Chukchi 691 92 122 905 2:53 3:50 7.31 (GW)
10 Sept 9 Chukchi 150 16 440 606 0:34 2:26 1.23 (GW)

Beaufort 90 0 168 258 0:19 1:03 0
12 Sept 10 Chukchi 537 91 344 972 2:07 3:55 0.51 (GW)

Beaufort 0 0 13 13 0:00 0:04 0
14 Sept 11 Beaufort 482 63 102 647 1:51 2~35 0
18 Sept 12 Chukchi 971 136 450 1557 3:51 6:11 0
19 Sept 13 Chukchi 661 87 587 1335 2:37 5:34 0.72 (GW)
21 Sept 14 Chukchi 629 72 127 828 2:39 3:31 0.28 (BH)

0.85 (GW)
Beaufort 0 0 15 15 0:00 0:04 0

22 Sept 15*' Beaufort 546 113 225 884 2:14 3:37 0, )

25 Sept 16
,

Beaufort 528 75 135 738 2:10 3:04 0
26 Sept 17 Beaufort 101 18 121 240 0:25 0:57 0
27 Sept 18 Chukchi 483 53 79 615 1:59 2:34 0.39 (GW)

0.39 (CT)
Beaufort 436 80 126 642 1:52 2:47, 0.36 (BH)

28 Sept 19 Chukchi 1102 123 296 1521 4:18 5:58 0.17 (GW)
Beaufort 0 0 27 27 0:00 0:11 0

29 Sept 20 Chukchi 526 90 886 1502 2:12 6:22 1.57 (GW)! Beaufort 0 0 25 25 0:00 0:07 0
30 Sept 21:* Chukchi 222 34 45 301 0:52 l:i2 3.33 (GW)

Beaufort 477 76 234 787 2:01 3:19 0.60 (BH)

, I

*IndicatJ $urveys in which part or aU of flight was conducted east of 154oW; aU
da'ta east of 1540 W is summarized in Treacy (in prep.).
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*IThe fig,'"u,res shown for each month represent the number of sightings/the number
, : I

of indivi~uals sighted during that period. :

*l*Abbre~iations are those used in flight track legends.
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6/6

6/8

Total

31/41

20/20

53/118

50/272

98/117

3/5

80/2225

0/0

0/0

5/7

5/5

0/0

7/45

10/10.

13/21 .

0/0

2/3

5/5

5/13

8/19

0/0

1/30

17/27

36/43

3/5

4/4

2/2

8/8

12/23

18/67

34/38

0/0

1/1

40/1149

20/147BE

CT 0/(0

I
WS 39/11046

BS 71

1
RS 2/[

PN 15/15

I
PR 0/0

Table A-2. Semimonthly summary of all marine mammal sightings* by species, 1987.

I I : I .

Species: Abbr* September OctoberL ; 1-115 16-30 1-15 16-31

I " I
Bowhead iWhale Bli 0/10
(~laena!mxsticetus) l
I ' . "

Gray WhaJ1e GW 28/17>9
(EschriChbus robustus)
~ "

I
Belukhai :

(Delehinapterus leucas)
I . 1

Unidentified Cetacean
J :

Walrus l i• !
(Odobenus rosmarus)
I ,

Bearded Seal
(Erignaih:u~ barbatus)
I . '

R,inged S~al

(Eb,0ca hi!seida)
i '"

Unidentified Pinniped
I I

Polar Bea'r
(Ursus in~ritimus)-- ........._--
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METHODS

Maps were prepared using a series of computer programs consisting of

BASIC subroutines implemented on a Hewlett-Packard (HP 85) microcomputer

c:onnected to ~n HP 7470A printer/plotter. The coastlines for each map, digitized

on, an HP 9111A graphics tablet, were formatted to examine the principal study

areas (i.e., the eastern Chukchi Sea and the western Alaskan Beaufort Sea). As a

result, a comparison of flight tracks for a given study area can be made on a

visual basis over the period of the field season to evaluate ongoing patterns of the

animal distribution and aircraft coverage. Each map shows the flight track as a

line drawn through position updates recorded on the aircraft computer system.

Each animal sighting is marked with a species symbol on the flight track plot.

Additional information on survey conditions arid sightings provided by the

computer log is summarized in the flight captions.
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FLIGHT CAPTIONS, SURVEY TRACKS, AND SKGHTINGS SUMMARY
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55 DEPTH

Bl 18
,Bi 18
Bl 18

ICE

o
o
o230

HDGBEH

FE
5W
5W

CUE

BO
BO
BO

DIS
I

357

LONG

166°44.0'
166°38.0'
166°29.7'

68°17.7'
68°16.7'
68° 18.7'

Flight was a coastal search survey from Nome to Barrow with a transect
, " I !

survey of: the southern two legs in block 22. Weather was overcast with areas of

~tChY ltg• Visibility ranged from less !than 1 kmto unlimited. Sea state ranged

from ~a:ufort 01 to 04 and averaged 02; there was no ice. Eighteen gray whales,
.I 1 dO; • If' d 1 Imc ,u mg,one cow-ca paIr, an wa ruses were seen. I

I ' 1'1: !

Cfra y Wh~les
TII/CII : LAT
I
15/0
I/O
2/1
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Flight2~ \2 September 1987

Flight was a transect survey of block 12. Weather was overcast with
I

unlimited I visibility. There was no ice l~xcept along the northernmost border of
I I, : I '":

the bloqk~ where cover was 10 to 15 percent broken floe. Sea state varied from

B~aufori bl to 02 in areas with ice, and 02 to 03 in ice-free areas. One belukha
I ' •Was seen.:
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55 DEPTH

81 49
81 49
132 33

ICE

10
5
1

HDGBEH

FE
DI
DI

CUE

MP
MP
MP

DISLONG

160°41.3'
160°43.8'
161°21.3'

71 0 34.0'
71°23.1'
71 046.6'

r :
i I

!

Flight 3~ 14 September 1987

Flight was a transect survey block of 14 and the westernmost two lines in

block d.! Weather was low overcast arid visibility ranged from unacceptable to
I i I .
unlimited~ Ice cover was 20 to 95 perceI nt, and 20 to 50 percent in the n.orthern
I ' I . '

half of ~l?cks 14 and 13 respectively. Sea state ranged from Beaufort 00 to 03.

dray whaies, walruses, and an unidentificbd pinniped were seen.

I . i.I ,

j ;

i I

Gray Wha~es
I ' i

T,II /CII' LA T
I
2/0
i1/0
2/0

.'
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55' DEPTH

B2 35
B2' 18
B2 18
B4 42
eli 35

ICE

o
o
o
o
o

HDG

FE
FE
FE
FE
FE

BEHCUE

MP
MP
MP
MP
MP

LONG

157°05.3'
157°46.5'
157°53.3'
157°56.7'
157°19.3'

, LAT

:71°15.5'
[700 5&.2'
70°57.7'

, ii 71010.6'
, 171°15.7'

Flig1t was a transect survey of the eastern two-thirds of block 13. Weather

was mostly cloudy with unlimited viSibilifY' although fog and snow squalls limited

ViribilitY; i;n nearshore areas. There wa~r open water in the southern half of the

block, with 10 to 25 percent broken floe cover in the northern half. Sea state

vJried f;ot'n Beaufort 01 to 03. Gray whalles and walruses were seen.I ' j

Gray Whales
I

Til/eli
I
1/0
2/0
i/o
i/o
i/o

r

Flight 4: ~ September 1987
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Flight 5; :6 September 1987*

*Data east of 1540 W presented in Treacy (in prep.).
I

I

FI~ght was a transect survey of block 11. Weather was high overcast and

visibility ~as unlimited. Ice cover in thle northern one-third of the block ranged
I . i . I

from 10; t:o 50 percent. Sea state range,tf from Beaufort 00 to 02. Bel,ukhas were
l ' I

the only marine mammals seen.
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55 DEPTH

B2 18

ICE

o
HDGCUE BEH

MP FE

DIS
I

587'

LONG

157°17.9'

LAT

: 71°14.3'

: i
Fligt!lt was an attempted survey ojI block 17 which was aborted due to low

fog, and! a transect survey of the west(~rn two-thirds of block 12. Weather in

blbck 12~as mostly overcast with un1limited visibility, although low-lying fog

rJduced ,visibility to less than 1 kilometerl in the northern part of the block. There

w;~s ope~ ~ater from shore to 71 0 45'N, a.nd 10 to 30 percent broken floe 'ice north
I .• I I

of there~ :5ea state was Beaufort 01 to °12. Gray whales, walruses, bearded seals,

ri~ged seais, and unidentified pinnipeds were seen.I ;I •

Gray Wh:a~es

T}/ICII
I
510

i

Flight 6::. ., September 1987
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SS DEPTH

B3 18

ICE

o
HDGCUE BEH

BO FE

DISLONG

1570 16.0'

I !
,

Flight 7~ ~ September 1987
I

;1
I :

Fltg~t was a transect survey of thi eastern half of block 20, with a search

survey to 'I' and from the block. Weather was low overcast and visibility ranged
I ; : I

from less than 1 to 10 km. Sea state ranged from Beaufort 01 to 04. Gray

Jhales, b~arded seals, and an unidentifie~ pinniped were seen.I I I '
Gray WhalesI ' ,
Til /CII : I LAT

1
2/0
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Flight 8:; 9 September 1987
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18
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20
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26
20
20
22
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SS DEPTH

B3
B3
B~
B3
83
132
82
B2
B2
B2

ICE

o
o
o
o
o
1
o
o
o
o

180

HDGBEH

FE
FE
FE
FE
FE
SW
FE
FE
FE
FE

CUE

MP
MP
MP
MP
MP
BW
MP
MP
MP
MP

DIS
I

52Ei
I

868
62if
526

I

898
31_4

1

6

509

LONG

157°18.3'
157°17.1'
157°36.4'
158°11.0'
158°12.0'
159°53.5'
158°19.1'
158°09.2'
157°57.7'
157°54.7'

71°11.3'
71°13.2'
71°11.8'
71°02.0'
71 °04.9'
70°54.8'
71 °05.6'
71 °06.5'

t 71 °07.8'
71 °08.4'

I
; i

Fli~nt was a transect survey of block 13. Weather was overcast with

unlirniteo jvisibility. There was no ice in the southern half of the block, ,with 10 to

3~ perce:nt broken floe ice in the northerh half. Sea state varied from Beaufort 01
I ' i I

to 02 in: ~reas with ice, and 02 to 03 in open water. Gray whales, belukhas,

wklruses, knd unidentified pinnipeds werE! seen.

I :, i
, i

Gray Whales

T~'/CII )' LAT
I
,1/0
1/0
2/0
13/0
4/0,
1/0
5/0
5/0
,~/()

2/0
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CUELONG

161°21.5'
160°34.3'
160°18.6'

i i

Flight 9:: 10 September 1987
. I

; j
i ,
, 1

Flight was a partial transect sun ey of blocks 17, 15, 14, and 12. Transect

furvey~ in all blocks were aborted duel to low ceilings and high sea states. Ice

fover i,n[block 14 ranged from 10 to 6(f percent; all other blocks were 'essentially

ice:-fre~.i Sea state ranged from Beaujlort 02 to 06. Gray whales, walruses, and

Lnidentified pinnipeds were seen.

I I :.'. i

Gray Wh'alesI . ;
ifll /CII' LAT

1/0 I 71040.9'
1/0 71037.5'
1/0 I 71°35.9'
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6 ~5 Ii>
I

471~

A-:26

I

LONG

161°02.6'
160°39.8'

,
i I

Fiight was a transect survey of block 14 and the easternmost line in block

15. Wea'ther was overcast with interr~ittent snow squalls and fog~ Visibility

v'ariled ~riom less than 1 km to unlimilted. Ice cover was 20 perCent in the

dorther?rhost areas, with open water in lau other areas. High winds ~ept the sea

s~ate hi'g~, with Beaufort 03 in the ice and 04 to 05 in open water. OnlY whales,

tlukhaji,land walruses were seen.

qray W?a1les

," ICi! ! LAT
J/O 71032.6'
1/0 71°43.0'

i
Flight l'O~ 12 September 1987
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Flight 11:' 14 September 1987
I
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I
IA-28

Flight was a transect survey of block 12. Weather was overcast wi th areas

Of patchy!fog. Visibility ranged from le+ than 1 km to unlimited. lee cover along

tre north~rn border of the block was ~ to 10 percent. Sea state ranged from

Beaufort 102 to 05, but averaged 03. Walruses were the only marine mammals
I I

seen.
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Flight 1~:i 18 September 1987

I
,

I I

1

Fligpt was a transect survey of the western two-thirds of block 17 and all of

block 18.: Weather was mostly clear[ with high overcast and visibility was

u~lirnit~d~ Sea state was Beaufort 02, and there was no ice. Walruses and

uhidentip~d pinnipeds were seen.
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Elight li3~ 19 September 1987

, i
Flight was a transect survey of block 15 and the easternmost l~ne in block

. • I
16. Weather was clear and visibility unlimited. There was open water throughout

~ost o~ the block, with 90 to 95 percelht broken floe in the northeastern corner.
I I : I

Sea state' was Beaufort 02 to 03 in open water areas and Olin ice. Gray whales,

D,lelUkhar'i walruses, bearded seals, and Ullidentified pinnipeds were seen•.

: i
Gray Whales
I ' I

TII/CII . : LAT
I

4/0
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Flight 14:: 21 September 1987
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SS DEPTH

Bl 51

5S DEPTH

B2 18
B2 38

ICE

75
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o
o

HDG

150

HDG

CUE BEH

BO SW

CUE BEH

MP FE
BO FE

A-134

I

DIS

20~!
29if

LONG

LONG

159°21.7'

157°56.6'
157°22.8'

LAT

] 70°59.3'
: 71°13.8'

Fl~grt·was a transect survey of bIOIck 13. Weather was overcast with some

areas Of!. fP. g and low ceilings. Visibility ranged from unlimited to less than 1 km.
I ' I

There was 50 to 95 percent broken floe and new grease ice in the northwest
I ~! 30 b k fl . .1 h h d'·corner, ~ ito percent ro en oe Ice In t e nort east corner an open water In
I ' ; I"

the south~rn half of the block. Sea state varied from Beaufort 01 to 02 in areas
I . : I

With ice,: and 02 to 03 in open water" One bowhead, gray whales, walruses,

b1arded :sbals, ringed seals, and an uniderltified pinniped were seen.

I ' :
Bowhead Whale
I I

Til/CII
I
1/0 ,: 71037.9'

I '. :
Gray W~a!les

I · ,;
. ; :
Til /ell I, LAT

I
2/0
i/o
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F.light 1:5: 22 September 1987*
t 1

Flight was a transect survey of bJlock 11. Weather was overcast with some

flog and:l~w ceilings in the northern POl!tion of the block. Visibility ranged from

3 km to 'unlimited. Ice cover was n percent broken floe/new grease in theI . ' .
northea~~ern quarter, 25 to 50 percent broken floe in the northwestern quarter,
I : I . , .

a.nd open lin the southern half of the blocI k. Sea state ranged from Bea.'ufort 01 to
I ' ~

02 in areas with ice, and 02 to 03 in op€~n water. One belukha, bearded seals, and

~n unidEbr~tified pinniped were seen. '

, i
, I

*Data ea~tof 1.540 W presented in Treac,y (in prep.).
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F.light 1:6~ 25 September 1987

i ;

Flight was a transect survey of block 12. Weather was low overcast with

Ratches;df fog. Visibility ranged from Ibss than 1 to 10 km. Ice cov~r along the
I ; i I . .

northern border of the block was 5 percent, but the rest of the block was Ice free.
I ' I I '

Sea stateiwas Beaufort 03 to 04. Belukhas were the only marine mammals seen.
, \ '
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Flight 17:: 26 September 1987

: i, ,
, t

I

Flight was an aborted transect surrey of block 12-N. Weather was overcast

with low ceilings and fog. Visibility ranged from unacceptable to fivekm. There

~as 30,t6 50 perCent broken floe ice 'rorth of 720 N, with open water south of

there. Sea state was Beaufort 03 to 04 in the ice and 05 in open water. Belukhas
I ' .

were the only marine mammals seen. '
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Flight 19; 128 September 1987
- i

A-44

I

I
I,

I
I-
'I.
I
I
I
R
I
I
:1

I
I
I
I
'I
I
I

$5 DEPTH

B2 18

ICE

o
HOG

30

CUE BEH

BO SW

DISLONG

1570 12.0'171 0 13.0'

FligHt was a transect survey of block 14 and the western one-third of blocks

13 and 1:31N. Weather was partly cloud~~ with areas of overcast and patchy fog.

vlsibility ~anged from unacc~ptable to ~nlimited. The northern one-quarter of
I • .

block l4,and nearly all of block 13 N was covered by 20 to 100 percent new grease
I " : ""

ice; all other areas were ice-free. Sea state ranged from Beaufort 00 to 03, but

wks 01 in inostareas. One gray whale, bcblukhas, and walruses were seen.

'

" I , -
( I

I

, i
Gray Wha:le

I .
TIl/eli LAT

I
I/O
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A-l~6

I

LONG

166°33.8'
166°34.0'
166°39.6'

68°18.1 '
680 18.7'
68°23.1'

I

Flight 20:; 29 September 1987

Flight was a transect survey of the eastern half of block 22, and oneI ,

transect leg each in blocks 20 and 17. Weather was overcast with some areas of

fbg• ~iiibility was generally unlimitcbd, but in foggy areas was reduced to
I ' I I '

unaccept~ble. Sea state was Beaufort 01 to 02. Gray whales, a walrus, a bearded
lid' ! 'd 'f' d ' . d Isea, an • Un! entl Ie pmmpe s were seen.

I "~.I i
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*Data EhaJlst of 1540 W presented in Treacy (in prep.).

I
:1
I
I
I
II
I
I
I
I
I
I
I
I
.1
I
I
I
I

55 DEPTH

B3 5
B6 7

,55 DEPTH

B2 18
B3 27
,B3 18
B3 18

ICE

o
o
o
o

ICE

o
o

HDG

HDG

330
260

BEH

FE
FE
FE
FE

CUE

MP
MP
MP
MP

CUE BEH

BO SW
BO SW

DIS
I

231
15:7
77.l
29:~

DIS

43;~
119!5

LONG

LONG

157°12.8'
157°47.3'
157°45.8'
157°44.1'

154°38.5'
155°02.8'

LAT

LAT

71°07.4'
I 71°03.8'
, 70°59.3'

70°56.8'

Flight was a transect survey of block 12 and the eastern one-third of block
: I " .

13, after 'a transect survey of block 11 (was aborted due to fog. Weather varied

fJomover,cast with unlimited visibility ir the southern portions of the survey area,

tf. low c'e~lings with patchy fog and redufed visibility in the northern ~art. There

was 5 to i 0 percent broken floe ice north of 71 0 40'N and all other areas 'were ice-
I : i

free. S~ai state varied from Beaufort 02 to 03. Bowheads, gray whales, belukhas,

ahd an unidentified pinniped were seen.I ::
Bowhead Whales
I ' !

Til/eli

!1/0 71°06.0'
II/a : 71°12.0'
I i

i ;

Gray Whales
I ' I

TII/CII

11/0
f1/0
h/o
fl/o

Flight 21:: 30 September 1987*
i
I
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A-50

Flight 22: ;11 October 1987

I
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s~ DEPTH

B4 20

ICE

o
HOGCUE BEH

MP FE

DISLONG

1580 08.9'

I

Flight! was an attempted transect survey of block 17, which was aborted due
I _:

to weather lconditions. Low ceilings, fog, and reduced visibility predominated in

molt areas.! Sea state varied from Beaufort 04 to 05 and there was nolce. One
I : i

gray whale ~as seen.

I ' i
. i

Gray Wha~e'

TII~CII . LAT
I I

I/O 71 0 00.4'
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Flight 23: 3 October 1987

II
I I

FI~ght was a transect survey of block 12-N. Weather was clear and visibility

unlimit~dl Ice cover in block 12-N ranlged from 40 to 100 percent; open water

e'xtendeo!approximatelY 65 km offshorel Sea state was Beaufort 00 to 02 in ice,

0;4 to o~ in open water areas. Belukha~l, bearded seals, an unidentified pinniped,

and polar Ibears were seen.
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*Data' e;ast of 1540 W presented in Treacy (in prep.).
!
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B2 13
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o
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DISLONG

1520 12.2'
1520 15.7'

LAT

71 0 09.4'
71 0 08.4'

i

I
Flight 24:! 5 October 1987*

I

I
, I

FHg~t was a transect survey of block 11. Weather was mostly overcast with

low ceilin!gs, fog and snow flurries. Th~~re was 10 to 30 percent broken floe and
I ! " I .

, I .

new grea~e ice at the northernmost boundary of the block; otherwise th~re was no

i!e in thJ block. Sea state was BeaUf6rt 02 to 03. Two bowheads were seen

Sli!Tlmi~~ slowly. A belukha, bearded sleals, and unidentified pinnipeds were also
I ' Irn

• ,.

Bowhead iWhales
I

-rll/CII

I/O
1/0
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*Data ea~t of 1540W presented in Treclcy (in prep.).

, :
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155°31.8'
155°34.0'
153°22.2'
153°21.9'
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154°36.8'
155°09.6'
155°27.5'
155°53.0'
156°05.5'
156°16.1'

I

I
I I
, I

Flig,ht 2.5:1 6 October 1987*
I

i
! i

Flfght was an attempted transect ::;urvey of block 13, which was aborted due

tl widesp~read dense low-lying fog. ThEf only fog-free area was nearshore north

and east of Pt. Barrow, and a coastal stearch survey of this area was flown. Sea

s!ate was! Beaufort 01, and there was nIb ice. Twenty-five bowheads :were seen,

~ost he,a?ing west and swimming mOde~ately. Unidentified pinnipeds 'were also

seen. • i

I,,!
Bowhead Whales

T~I/CII i' LAT
II
'1/0 71°21.4'
i/o 71°22.3'
i/o 71 020.9'
2/0 I71°13.3'
2/0 : 71° 13.7'
2/0 71°19.6'
2/0 71018.0'
i/o 71°19.1'
3/0 71 °20.9'
i/o i 71°21.8'
2/0 71°30.7'
2/0 71 032.4'
i/o 71°29.6'
3/0 71°27.6'
i/o 71027.7'
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Fliglht 2~:1 8 October 1987
, 1
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1570 40.6'
1570 38.0'
1570 41.4'
1590 25.8'

LAT

71 010.8'
71 011.9'
71 0 06.4'
700 51.3'

A-58

I

Fligpt was a transect of block 13 and the southern one-third of block 13-N.

~eather: ras mostly overcast with low Iceilings and fog. Visibility varied from

unlimite;d ito less than 1 km. There was 20 to 90 percent broken floe and new

g~ease it~ in block 13-N, and no ice in blbck 13. Sea state was Beaufort 01 to 02.
Ii' I

G{ay wha!les, walrus, bearded seals, rililged seals, unidentified pinnipeds, and a

rr be~1 were seen. ,

Gray Whalest· . I

TIl/eli
I
4/0
2/0
2/0
i/o
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F.li~;ht 2l~ 10 October 1987
i

Flight was a transect survey of blCi>ck 12. Weather was mostly ()V,ercast with

areas of-~eavy fog and very low ViSibilitt, causing transect Regs to be truncated at
I ' ! I

the north~rn end. Sea state was Beaufort 02 to 04, and there was no ice except in

the noriJwestern corner where cover 1~as 50 to 80 percent. One unidentified
I , I '

pinnipeq ",as seen.
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Flight 28:; 11 October 1987

Fli'ght was a. transect survey of block 14. Weather was overcast with

unlimiteq :visibility in the northern half (If the block and overcast with patchy fog

a~d snow isqualls with reduced visibility itn the southern half. Ice cover ~as 75 to

91 perc~nt new ice north of 71 0 45'N and bpen water south of there. Se~ state was

Braufort bo to 02 'in areas with ice, ami 05 in open water areas. Of1l~ polar bear

was seer).;
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Flight 29:1 12 October 1987

Flight was an attempted transect survey of block 12 and 12-N. Weather was

l~w fog :ahd snow flurries with unaccepfable visibility, causing the s~rvey to be

aborted~ ;There was 50 to 85 percent bl!oken floe and new ice north of 720 N and

o~en water south of there. Sea state wels Beaufort 04 to 05 in open water and 03

i~ the ieel One belukha was seen.
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158°06.7'
157°50.0'

1
I

Fligll1t 30: i 15 October 1987

i
Flight was a transect survey of 1!he western one-third of block 13. The

, I

survey w~s aborted due to the failure of the aircraft navigation system and
I . I

widespreaCi low-lying fog rolling in from the north. Weather in the area surveyed

w~s partl~ cloudy with unlimited visibility. Sea state was Beaufort 01 to 02 and
J :" G hld"d I "f" d " . dtrre w~s inu lee. ray w a es an um e..tl ,e pmmpe 5 were seen.

Grav WhalesI J :.

Til/eli LAT
I .
il/O ! 71 006.1'
~/O 171006.Y
i/o 71°05.0'
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Flight 31~ i16 October 1987

,

Flig~t was a transect survey of blocck 12 and the eastern two-thirds of block

13. Weath1er was clear with unlimited vbhbility. Sea state was Beaufort 02 to 03

an~ ther~ Iwas no ice. Bowheads, gray .Jhales, unidentified cetaceans, beJ.ukhas,

an~ lJnid~nitified pinnipeds were seen. Thie unidentified cetaceans were seen only

frbm a di;s~ance and dove before they couJld be positively identified.

I :
Bowhead;Whales

I .
T/J/C/J ,LAT

1~0 171°36.3'
1'/0 ill037.9'
1'/0 i71 035.0'
1'l0 :71 032.3'
l'J0 ,ill028.9'
I ;

G~ay Wh~l~s
I ' I

TII/CII '! LAT LONG

1~0 ill°13.8' 157008.7'
1'/0 170°54.3' 157°58.9'
1'l0 '70°56.9' 157049.8'
3/0 :ll00 1.5' 157°47.5'
!YO ;lloI4.1' 157005.8'

uJidentHiJd CetaceansI . ,

TII/CII t LAT

110 ~ 1°01.8'
110 71°10.9'
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Flight 32:; 17 October 1987
I I
I

Fliight was a transect survey of block 12-N and the eastern two.,.thirds of

block 13,-~. Weather was clear with ur~limited visibility. The northern half of

b6th bIO~~Swas covered with 95 to 99 plbrcent new grease ice with open water to

t~e south~ Sea state was Beaufort 01 Ito 03. One bowhead, two unidentified

c~taceans~ belukhas, and unidentified pinnipeds were seen. The unidentified

c~tacea~s! were seen close to shore ne;~r mud plumes and were probably gray
I , : I

Wh

l
·alles, :... lit could not be positively identified.

, I

Bowhead Whale
I

Til/elI
I
i/O 71 0 36.6' 1570 41.7'

uhiclenti:fi~d Cetaceans
I , I

Til/eli : LAT
I :
2/0 r 71 0 16.1 '
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Flight was an attempted transect survey of blocks 17 and 11. Weather was
, " I

lOr overcraFt with snow squalls, fog and ictng conditions, causing the surveys to be

aborted. '1]he sea state was Beaufort 04 110 05 due to high winds, and there was no
I . I

. N I,. 1Ice. 0 fTl~rlne mamma s were seen.

Flight 33: 119 October 1987
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Flight 34:! 20 October 1987

l' r
Flight was a transect survey of block 17 and the easternmost line in block

If'. we;ther was. overcast withinter+ttent snow squalls and fog. Visibility

vaned from unlImIted to less than 1 km. Sea state was Beaufort 01 to 03, andI ; I I .
tnere w,a$ no ice except for some sJlushy new ice very near shore. Two

uAidentifi~d cetaceans were seen, but ,bOUld not be positively identified. Both

Si1ghtings ~ere of blows, seen from som(~ distance, and each animal appeared to. . I

st'ay onl~ '1ery briefly at the surface. Unidentified pinnipeds were also seen.

I ' I
U 0..JI Of"' deniUlentl I~ . etaceans

I i

Til /ell
I
1/0
i/o
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Flight 3~: 21 October 1987

Fligt;lt was a transect survey of the southern half of block 12-N and the

easternmdst two lines in block 13...N. WE!ather was overcast with low ceilings and

fdg, and
f

~iSibility varied from less thanll km to unlimited. There was 90 to 95

pJrcent br,ioken new ice starting at 72010"IN in eastern bl,oCk 12-N, althOlJ",g,h the ice
I [ I ", ,

edge mov~d progressively north towards the west. In block 13-N, the i~eedge was

a1 72045'~. Sea state was Beaufort oolin the ice and 0 I to 03 in open areas.

uhidlentifibd pinnipeds were the only n, arine mammals seen. A sonobuoy was

d~opped jJst south of the ice edge. No wl~ales were heard.,
f
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*Data eas:t of 1540 W presented in Trea.cy (in prep.).
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LAT

f 71 0 20.5'

Flig;ht 36: 23 October 1987*

Flight was a transect survey of !block 12 and the western one:"quarter of

block 3.' iWeather was overcast with 10\\1 ceilings, fog and snow squalls. Visibility

v~ried f'rqm 10· km to less than 1 km. There was no ice except for slushy new ice
~ . i I

jIst offsHore of the barrier islands. :Sea state was Beaufort 03 to 04. One

oowhead was seen.

I· :I

; i
Bowhead Whale
I i

Til/eli
I
1/0
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*Data ea~t of 1540 w presented in Treacy (in prep.).

A-80

I

I
I
I
I
I
I
!I
I
I
'I
I
'I
I
'I
I
I
I
I
I

55 DEPTH

B2 62

ICE

o
HDG

240

CUE BEH

5P 5W

DIS

144~
LONG

140°14.0'

Flig!tlt 37: 25 October 1987*

. i

FlIght was a transect survey of block 5 and a search survey of blocks 1, 4, 5,
i I j

and into the Canadian Beaufort. Wea1.her was clear with unlimited visibility.

Trere w~s slushy new ice in the very ne;~rshore regions, with open watet north of

there. ~ea state was Beaufort 01 to 02,1 except east of Herschel Island" Canada,
I ' !

where it' was 04 to 05. One bowhead was seen.

I :i
I I

Bowhead Whale

T~I/CII LAT
I
1/0 70013.8'
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*Data ea~t of 1540 W presented in Treacy (in prep.).
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Flight 38:; 28 October 1987*

Fltght was a transect survey of block 5 and a search survey of blocks 1, 4, 5,
, I I . .'

and into the Canadian Beaufort. Weather was overcast with patchy fog, snow and

13w ceilings, especially in nearshore areias. Visibility varied from less than 1 km

t~ unlimited. There was 60 to 75 percent slushy new ice from the shoreline out to

7?0 15'N~ 4nd open water with no ice norfh of there. See state was Beaufort 00 to

01 in ar~as with ice and 02 to 03 in open water. One bowhead and one

u~identifi~d pinniped were seen.

I ::
~ I

Bowhead Whale
I ;

T(I/ell ; LAT

I/O ': 700 11.6'
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Flight 39: 29 October 1987*

Fli~ht was a transect survey of bl<ick 5 and a search survey of blocks 1, 4, 5,

and the ,Oanadian Beaufort. Weather was overcast with patchy fog, snow and low

C~i1ings. I Visibility varied from less thar 1 km to unlimited. There ~as 85 to 95

piercent grease ice south of 700 15'N in block 5, with open water north of there.
I ' , I
~ost of jthe Canadian Beaufort east Ito 1370 30'W. was open. Sea state was

Beaufort ioo to 01 in areas with ice amd 03 to 04 in open water•. No marineI • I

mammalslwere seen., '

I i
f

. !
: I

*Data east of 1540 W presented in Treacy (in prep.)., !
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*Data eas't of 1540W presented in Trec~cy (in prep.).
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Flight 40:1 30 October 1987*
i

; I

Flight was a transect survey of portions of blocks 4, 5, 6, and 7. Weather
• I I

w1as over~ast with fog, snow squalls, andl low ceilings. Visibility varied from less

t7an 1 ~~ to unlimited. There was 99~ercent slushy new ice south o(700N and

60 to 95, ~ercent slushy new ice north toI70020'N. Open water prevailed north of

t7ere• re:a state ranged from Beaufort 00 to 02 in ice, and 04 to 05 in open water.

One bo~head was seen.

I ! i
Bowhead Whale

I . "
Ttl/ell LAT

I !
1/0 ;700 17.5'
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flight 4H 31 October 1987*
i !

Flight was a transect survey of portions of blocks 4 and 5. Weather was

overcas~ Iwith low ceilings, fog, and snclw squalls, which caused transect lines to

de truntdted. Visibility varied from le~!s than 1 km to 5 km. There was 60 to 99

Jercenti slushy grease ice in block 4 anid the southern half of block 5, and open

later i~ the northern half of block 5. Sea state varied from Beaufort- 00 to 01 in

ihe to 02 'to 03 in open water. No marin.b mammals were seen.
, 1

I·

*Data e~slt of 1540 W presented in Treacy (in prep.).
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APPENDIX B

OBSERVED DENSITIES OF BOWHEAD AND GRAY WHALES

IN THE WESTERN BEAUFORT AND EASTERN CHUKCHI SEAS, 1979-87

B-i
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FIGURES

B-1. Due to aircraft design, theas~umptionof unity at centerline
i

is modified to assume unity' at two parrallel lines drawn by

the 700 angle for the highest altitude flown

B-2. The Beaufort Sea study area was divided into four regions:

A, B, C, and D

B,..3.· Map depicting the survey regions in the Beaufort Sea after

stratification by contour intervals at 10m, 20m, 50m,

200m and 2000m

B-4. Map depicting Beaufort Sea stratum names. Strata AI, Bl, Cl,

D1A and DIB extended from the coast out to the iO-meter
.. .

depth contour. Strata A2, B2, C2, D2A and D2B fell between

the 10- and 20- meter depth countours; A3, B3;C3 and D3, fell

between the 20- and 50- meter depth contours; etc.

B-5. Map depicting coastal survey regions 16 and 17 and offshore

regions 15, 18, 19 and 20 in r~lation to depth contours

in the Chukchi Sea
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INTRODUCTION

This appendix presents an analysis of endangered whale aerial survey data

collected during 1987, and a summary of similarly analyzed data for 1979-86. The

objectives of. the analysis were to. estimate t\1e density of bowhead whales in the

western Beaufort Sea, and of gray whales in the eastern Chukchi Sea. Estimating the

density of a species provides an evaluation of the relative importance of an area to

that group. The density estimate for a particular area is useful when assessing how a

portion of a species' range is utilized by the population. Sequential density estimates

provide an invaluable tool when determining a population's response to· its

environment through time.

An, important component of this analysis was determining the distribution of

survey effort within spe,cific areas. The western Beaufort Sea was treated as' one

study area bounded by 1530 30'W and 1570 W longitude and nON latitude to the

coastline. The Chukchi Sea was treated as a second study area bounded by 670 30'N

and 720 N latitude and the coastline to 1660 W longitude. Both study areas were

subdivided to more precisely illustrate survey effort and density of animals.

Distribution of survey effort and density of bowhead whales in the western Beaufort

and gray whales in. the eastern Chukchi Seas were examined during September and

October.

METHODS

Density Estimates

Estimating population density requires calculating the portion of that

population which is never sighted. In order to correctly estimate qensity of any

population, four underlying assumptions must be adhered to. The assumptions are as

follows:

o There are no measurement errors and no rounding errors.

o Sightings are independent events.

o Individuals are fixed at an initial sighting position and no individuals are

counted twice.

o A sample of the population is collected at random; no individual is biasedly

selected during a count (Cox, 1958; Anderson et al., 1976).

B-1



B-2

I

1A Icombin~d estimate of the population of surfaced and submerged whales can be
calculated if a ratio of dive time to stlrface time is known. This ratio is a
correction ifactor which permits one it

r

0 adjust the population estimate to
incorporate! submerged whales. Presently no good correction factor eXIsts for all
beHavioral situations. Bowheads seen dUf,ing the fall in the Alaskan Beaufort Sea
can' eltherj ~e actively migrating, moving slowly, resting, milling, or feeding. -

Twq factors inherent in a study of cetaceans that cause an individual to be
!

missed dtiring a count are sightability and submergence. Sightability means an

ind1ividual' ~ay be at the surface but m~ssed by the observer. As the distance

increases' getween the observer and a. tale, the Chan~e of sighting, the whale

decreases' (001, 1974). Transect estimators are designed to work In planar

sittations. iHence, it is the portion of a p,6pulation surfaced but not sighted that is

calculated )when estimating population dElnsity. Secondly, whales are not sighted

beJaUise they are submerged. A distincti,6n must be made between whales at the
I :ii'

surface but not sighted, and submerged whales that cannot be sighted. Submerged

whhles are: never calculated in the pOPl11ation density estimate. These whales
I ' , I

represent a source of known but currently unmeasurable error in the total

poJulation ~stimate (Eberhardt et al., 19~9). Additional assumptions peculiar to
j : I j

estimating [cetacean density that stem j[rom their sightability and submergence
I,

characteris~icsare:

I
I
I
I
I
I
I
I
I,
I
I
I
I
I
I
.1
I
I
I

i

:Only surfaced animals are counted, and density estimates are

:calculated only for the population of whales not submerged during an

:observation period.! I
[he whales' behaviors do n01) change over the perIod for which an

btimate is calculated (i.e., whlales maintain the same swImming speeds

'. Iand dive patterns throughout the migratory period). This assumption is

britical, but difficult to satis~y because whales' behaviors do change
. I I' over the perIod of mIgration.

bbservers are equally effectivi on both sides of the aircraft and in all

~reas of the sighting sector. IThiS assumption is necessary since each

Fbserver's sightings are wejighted equally by formulas used in

calculating population sIze. j~ny deviation from thIs assumption will

~ause a negative or downward Ihias on the final estimate.

o

o

o
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0, Group size -does not affect detection of whales. A violation of this

assumption would cause a negative bias, since some classes of groups

would not be sighted. This assumption is probably violated because larger

groups are indeed easier to sight and because the larger the group, the

higher the probability of having a whale at the surface.

o Whales do not evade the aircraft. This assumption is probably met

because the speed of the aircraft is so much greater than that of the

whales (i.e., the aircraft probably approaches a whale before the whale

can evade it by diving).

o Unity of detection occurs on the flight track. All whales are sighted if

they are on the transect line. The only whales that an observer fails to

sight are those that are some distance away from the survey aircraft

(Burnham et al., 1980).

Strip and Line Transect Methodologies. Strip transect and line transect

represent two, analytical methodologies used to derive density estimates. The

fundamental difference between the two is that a strip transect samples a strip

\ defined by boundaries, while line transect samples an area without boundaries. Both

methods sample from a predetermined, randomly selected transect.' The basic

formula for strip transect estimators (Hayne, 1949) is:

nA
N =2 LH

where N is the estimated animal population, n is the number of individuals counted, A

is area of strip, L is the transect length, and H is the mean sighting distance. Strip

transects have a predetermined strip width, within which the observer is required to

be certain of counting all individuals. -- This method does not utilize a detection

function that incorporates sightings to the horizon. Individuals outside the strip are

not counted, even if seen. For this reason, strip transect methods are recommended

when the species density is high and individual counts are large. Line transect

estimators are, conceptually, a strip transect with infinite strip width. Line transect

methods use the following formula to estimate density:
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wtiere D is\ the estimated density, n is the number of animals sighted while surveying
I ' '.' ,

from a transect, f(o) is the normalized detection function or the probability of

siJhting Jnianimal, and L is the total transect length surveyed. The number of animals
01 : I

sIghted an~ the transect length surveyed are known parameters. The detection

fuhction is i the probability of sighting a sJfaced whale at a known distance f rom the

trlnsect ~hd must be estimated for densit)~ to be calculated. It is used to determine

th~ numbe~ of animals on the surface tt\at are not seen. As long as sampling is

co~pleted 'as a series of random transects,1 the detection function f(o), is th.e critical
I I , I

estimation: made. Determining which specific mathematical model bes't fits the

deiec:tion function is most easily done byl program computer models. T~~ANSECT
(B~rnham' ¢t al., 1980) is a program indusive of parametric and norWClrametric

mJthematibal models applicable to fitting Icurves to data consisting of per~endicular
d

o I :
Istances.I A cri~ical assumption that must be sarisfied to validate the detection iunction is

unity at thJ transect line·, all individuals that occur on the transect line are counted.
I i I

This assumption was violated because the aircraft's design prevented searching
I I i I

between Clfnometer angles of 900 and 70r from the horizon. To compensate, all

petpendicuiar distances were adjusted by subtracting a distance from the transect's
I • , ~

centerline to a parallel line drawn by the ilOo angle specific for the highest altitude

norn. Thl original assumption of unity is modified to assume unity of sightings at

these two, Barallel lines (figure B-I). The llines are placed at a position equidistant

frdm the' t:ransect line, the distance beihg the perpendicular distance for a 700

cli~ometer;angle at the highest altitude sLlrveyed.

I ', I
Previ?us studies have shown that both the accuracy and precis~on of line

transect estimators rely on the ability of thlb observer to determine the exact distance

of ~n individ.ual sighting from the transect! line. A fundamen. tal problem now arises.
I ,I :

The trans~qt line has been transformed to represent two parallel lines determined by a

701 clino~eter angle at the highest altit~de surveyed. If a sighting otcurs at an

altitude Id',\/er than the altitude used to attlin the parallel transect Hnes, but at a 700

anJle, th~ iighting will occur in a mathemcltical "blind spot", the blind spot being the

ar~a be.t-irlen the. two parallel lines. I A blind spot confuses any effort to
, il

ma~hematiTallYmodel the true probability of detecting whales at varying distances

from the s:ufvey aircraft. A negative bias oJ underestimation of the true population is

thJ resultfoI a mathematical blind spot. '.

B-lj.
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Figure B-1. Due to aircraft design, the assumption of unity at centerline is modified
to assume unity at two parallel lines drawn by the 700 angle for the highest altitude
flown.

A second method employed by Leatherwood et ale (in press) to compensate for

the blind spot beneath the aircraft during line transect analysis, replaced the parallel

~ine assumption with a new one that requires all marine mammals to be seen at some

fixed perpendicular distance (xo) from the transect line. The resulting density values

experience no aliasing, as introduced by the subtraction method when estimating

sightability via the detection function, but nevertheless result in a minimum

estimate.

One additional assumption that may be violated is that there are no

measurement .errors and no rounding errors. Exact sighting angles are difficult to

obtain. A deviation of several degrees from the true sighting angle will significantly

alter a line transect density estimate.
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Map PreParation .I MaH were prepared using the comI,uter program AMP (A Mapping Package),

consisting lof FORTRAN subroutines whilch can be used for customized plotting

apbliCatiO~s. AMP was used to plot aeriall survey data that resided on file as a series

of 'geographic coordinates (latitude and 10r1l
l
gitude) associated with time and sightings

of whales. ILand masses are part of the AMP database. Depth contours were plotted

by reading ia separate file of data points p~epared for this analysis.
, . IDept? contours were digitized using several reference maps. It was necessary

to luse mo~e, than one map because not all cC'lntours were available on any o,n',e, map. The

U.S. Geological Survey Map Open - File 76 - 823, Sheet 1 or 2 was used to 'digitize the

50101 and: gireater depth contours, plus all contours shown in the Chukchi Sea except

fo! the 30-(1) depth contour off the Soviet foastline. The 30-m depth contour off the

Sotiet coas~lineand in the Bering Sea was taken from U.S. Department of Commerce
I ! J I,

map .514,:4th Ed., Apr. 11/81. In the Beaufort Sea, the 10-01, 20-01, and 30-01 depth
i . : I

contours were taken from two maps labeled Data from: Geophysical Corp. of Alaska,I: ,I ' .
1975, NOAA, Department of Commerce Charts, USGS Department of Interior

Ch~rts, wHich were additionally labeled as Eastern Beaufort Sea and Western
I ' I

Beaufort Sea.I Wh~nithe depth contours were merg<:d onto a single data file and plotted, some

inconsistenCies became apparent. For exar~Ple, a 30-01 depth contour from one map

filJ crossed over the 50-01 depth contour fJom another map file. When this situation

ocJurred,; ~ portion of one of the dept1h contours was clipped to resolve the

inefnsisteH:y· Note that portions of the 211-m and 30-mdepth contours were clipped

near Pt. ;B,arrow, Alaska, and that the 50-01 depth contour was clipped near

St.(Lawrenc±e Island in the Bering Sea.

Data ProceSsing and Quality ControlI A co")puter program (SPEED) was wllitten to screen for bad data values and to

check the: c;hronological order of time. Alerial survey data files were screened for

Ob+OUS er,r~rs in geographic position by se~aratelY plotting the course of each daily

aerial surve¥. A computer program was us€!d to calculate flight speeds and distances

on rpoint-~o-point basis, and listings of tt~ese values were scanned for suspiciously

slor or fa~t speeds. The listings and maps Iwere compared; errors were flagged and

edited anq the process was repeated until data files were error-free with <respect to
I.i.

these condl1:1Ons. .
I
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Definition of Areas and Methodological Limitations

The Beaufort Sea study area was divided into four regions from west to east

(figure B-2). Region A extend~d from 1570 00'W to 153~JO'W, regionB' from 1530 30'W

to 1500 00'W, region C from 1500 00'W to 1460 00'W,and region D from 1460 00'W to

141 0 00'W. Depth contours were used to stratify the Beaufort Sea from north to south.

Depth contours of 10 m, 20 m, 50 m, 200 m, and 2000 m were selected (figure B-3).

The stratum from the coastline to 10 m corresponded closely to the area inside the

barrier islands (AI, Bl, Cl, DIA, and DIB). The shelf area (10 r:n to, 200 m) and

offshelf (200 m to >2000 m) were stratified from' 10 m to 20 m, 20 m to 50 m, 50 m to

200 m, 200 m to 2000 m, and deeper than 2000 m. Areas A2, B2, C2, D2A and .o2B

corresponded to the 10-m to 20-m strata; areas A3, B3, C3, and D3 corresponded to

the 20-m to 50-m strata, and so on (figure B-4)•

.In 1987, Beaufort Sea transect surveys were conducted by MMS pers~rJnel

between 1400 W and 1460 W to 710 100 N, and between 1460 W and 1540 W as far north as

7l0 20'N. This area corresponds to portions of regions B, C, and D. In addition, all

survey effort and bowhead sighting data in region B collected by this project were,
incorporated with the MMS data, with resultant density estimates for. (sub)regions B,

C, and D presented in the MMS report (Treacy, in prep.) along with the survey effort

and sighting data. Density estimates for region A are presented here because this area

corresponds to survey effort and sighting data presented in the body of this report.

Survey regions in the Chukchi Sea were determined based on survey effort and

animal distributions (figures B-5). Transect surveys have been conducted in the

Chukchi Sea only since 1982. Prior to 1982, coastal search surveys were infrequently

flown through the study area. The establishment of coastal (regions 16 and 17) and

offshore survey regions (15 and 18-20) reflect this distribution of survey effort. These

regions did not conform to survey blocks.

A digitizer was used to trace region boundaries, which led to a boundary problem

termed "splinter error." The technique used to digitize each region was to

circumscribe it by tracing the boundary of the region. Thus, when two. regions were

adjacent, the common boundary would be digitized twice. In, fact, a boundary was

often digitized more than twice. For example, the boundary between regions Al and

Bl was digitized four times because it served not only as a boundary between regions

Al and Bl but also between the larger regions A and B. A splinter error occurred

when one set of points defining a common boundary did not exactly match the second,

third, or fourth set of points used to define the same boundary for other regions.
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Figure B-2~ ~he Beaufort Sea study area was divided into four regions: A, B, C, and D.

Beca4se of this splinter error probleJ. a very small percentage of the total area
, . I ,

may be s~a:red by two regions or may be left out of a region. For example, because of

ov~rlap,a~mall portion of the Beaufort Sek may have been shared dUring ~he analysis

ofl two ad~acent regions. Conversely, i!f two sets of points defining a common

boundary, diverged slightly, a small portiolh of the Beaufort Sea could have been left
, . I

. f h: I I .

0"( 0T:;i~:li:s~~; ons of the splinter error problem are small in relat1on t9 'this study.

Statistics rieported for each subregion, reg)ion, and the total study area are' valid, but

thrre ma;y; be small discrepancies when rhe values of subregions are summed and

compared 'to the values reported for larger regions, e.g., number of sJjrvey hours

fl6wn, li~t~d in the tables as survey time.
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Figure B-3. Map depicting the survey regions in the Beaufort Sea after stratification by contour intervals of
10 m, 20 m, 50 m, 200 m and 2000 m. .
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Statistics Presented in Tables

I Regipn Area km
2

• Areas were approximated by straightline integration which

contribute1d to discrepancies between th,b summation of subregion areas and areas

c~lculated: for larger regions. Area cllculations are accurate to within about

I percent pf the true area. I

I Percent of Total Area. The percent of total area was calculated as the region

ar1ea divid~d by the sum of all subregion cl1reas; this quantity was then m.ultiplied by

100.

I Pe~cbnt of Area Surveyed. The percent of area surveyed is a relative measure

of< survey:. effort expended per survey r1legion. Strip width was defined .as 2
I ::

kilometers (i.e., 1 kilometer on either siltle of the aircraft). Therefore~ the total
I . : I ..

number of kilometers flown equalled half the number of square kilometers' surveyed.

T~e perc~rit of total area was calculated a]s the number of square kilometers surveyed

diiided b:y!the region area; this quantity v~as then multiplied by 100.

I Thi' i~echnique did not account for +erlapPing aerial survey strips which result

in1double1cpunting the area surveyed. Therefore, some areas surveyed may show more

than 100.l.p:ercent coverage. '

I 54y Time HR:M1N. This is the time in hours and minutes spent surveying an

area.. Bec~use of splinter errors and rourlding errors, the values reported for time

sp~nt surv+ying subregions did not always equal those reported for larger regions.I Pe~cent ojfTotal Time. This is the time in hours and minutes spent surveying a

region diYi~ed by the sum of survey times reported for each subregion.

I N~~er of Transects Flown. TransEfcts or flight legs were defined as units of

survey eif9rt by the aerial survey team. The beginning and ending of transects were

fu}ther d'elined by the survey region bourldaries. A portion of an aerial survey leg

pa~sing ov~r a region was treated as a t.lansect relative to that region. Thus, one

tr~nsect C6uld be broken into several tralilsects with respect to subregion analyses.

F~r this ie;ason, the sum of the transects based on subregions was greater than the

total numb:er of transects reported for the total region.I Nurp6er of Bowheads Observed. Thi!ls indicates the number of bowhead whales

observed :~ithin one kilometer of either siCfe of the aircraft. ..
i
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n = number of strip transects.

RESULTS

(2)

!:'y. /!:'x. (1)
1 1

observed density of whales per square kilometer

number of whales observed in the ith strip transect

area of the ith strip transect.

2
[!:'(y. /x.) - R!:'y. ) /(n-I)( !:'x.)

1 1 1 1

variance of R

C.1. =

S2a =
whereS2~ =

The notation t o•05(2)V refers to the critical value of t where alpha (a) - 0.05

0- =0.95) based on two-tailed test with V degrees of freedom. Degrees of freedom

were calculated as the total number of transects minus one.

Results are presented by species, area, and month as outlined in the table of

contents. Each presentation consists of a:

o Table of statistics associated with each region presenting 1987 data

o Summary table of statistics associated with each region, 1979-86

(978):

a =
where ft =

y. =1

x. =1

Density as Number per km
2

, Variance and Confidence Interval. Calculation of

density statistics for each stratum folJowed the method employed by Krogman et at

(979), which was based on the strip transect technique described in Estes and Gilbert
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Table B-1. Statistics from aerial surveys of bowhead whales conducted September 1987 in the Beaufort Sea. Values for each
region were summed where appropriate. Region numbers refer to areas depicted in Figure B-4. Survey effort in region B
405 hr/37 transects incorporated in Treacy (in prep.).

Percent Percent Survey Percent Number Number Density as Confidence
Region Region of Total of Area Time of Total Transects Bowheads Number ~er Variance Range of
Name Area km 2 Area Surveyed HR:MIN Time Flown Observed 100 km 00-4) Density

Total * 32,953 100.00 7.08 14:17 100.00 170 1 0.014 0.0003 0-0.049
j
0-

~ A 13,360 40.54 38.37 10:14 71. 71 133 1 0.020 0.0006 0-0.066
Al 2,361 7.16 9.66 00:29 3.37 20 1 0.438 0.0778 0-1.022
A2 1,648 5.00 40.55 01:20 9.33 24 0 0 0 0
A3 2,688 8.16 40.69 02:11 15.32 36 0 0 0 0
A4 5,166 15.68 50.14 05:10 36.18 35 0 0 0 0
A5 1,497 4.54 36.42 01:04 7.51 18 0 0 0 0

*The total area of all regions was approximately 32,953 km 2; areas were approximated by straight line integration.
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Table B-2. Statistics from aerial surveys of bowhead whales conducted in
September, 1982-86. There were no bowheads seen on transect in regions A in
September 1979-81; for summary effort data please see Ljungblad et al. (1987).

1982 J983 J984

Percent Number Density as Percent Number Density as Percent Number Density asRegion Region of Area Bowheads Number ~er of Area Bowheads Number ~er of Area Bowheads Number p-erName Area km 2 Surveyed Observed 100km Surveyed Observed 100 km Surveyed Observed 100 km 2

Total 32,953 25.34 5 0.06 41.06 12 0.09 15.06 3 0.06A 13,360 13.85 2 0.11 32.20 5 0.12 10.45 3 0.22Al 2,361 8.00 a 0.0 8.79 a 0.0 3.41 a 0.0
A2 1,648 24.03 a 0.0 36.17 a 0.0 12.94 a 0.0A3 2,688 2.5.53 a 0.0 43.55 2 0.17 11.81 I 0.32Ail 5,166 10.39 2 0.37 34.45 3 0.17 11.98 2 0.32A5 1,497 2.78 0 0.0 36.59 0 0.0 11.09 0 0.0

1985 1986

Percent Number Density as Percent Number Density asRegion Region of Area Bowheads Number ~er of Area Bowheads Number p-erName Area km 2 Surveyed Observed 100 km Surveyed Observed 100km 2

Total 32,953 6.84 0 0.0 0 0.0
A 13,360 8.68 0 0.0 10.26 0 0.0Al 2,361 2.61 0 0.0 2.14 0 0.0A2 1,648 10.71 0 0.0 10.94 a 0.0A3 2,688 10.31 0 0.0 11.28 0 0.0Ail 5,166 10.05 0 0.0 12.98 0 0.0A5 1,497 8.31 a 0.0 11.13 0 0.0
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Table B-3. Statistics from aerial surveys of bowhead whales conducted October 1987 in the Beaufort Sea. Values for each
region were summed where appropriate. Region numbers refer to areas depicted in Figure B.,.4.

Region Region
Name Area km 2

Percent
of Total

Area

Percent Survey
of Area Time

Surveyed HR:MIN

Percent Number
of Total Transects

Time Flown

Number
Bowheads
Observed

Density as
Number p-er

100 km 2
Variance
( 10-4)

Confidence
Range of
Density

0.014-0.154
o
o
0-0.243
0-0.306
o

0.0012
o
o
0.0040
0.0079
o

0.084
o
o
0.112
0.123
o

3
o
o
1
2
o

91
14
17
24
25
11

77 .03
4.29

12.11
19.46
34.53
6.64

07:16
00:24
01:09
01:50
03:15
00:38

26.86
6.88

35.57
33.10
31.57
21.33

40.54
7.16
5.00
8.16

15.68
4.54

13 ,360
2,361
1,648
2,688
5,166
1,497

A
Al
A2
A3
A4
A5

Total * '32 .25J~~~LOO_.OO 4-.. 60~~-09:26~-~1-OO-.OO I-I-!: ;3 G.G64 0.6668~~~0.6695=-;-1-2 ;;--0' .
I.-

0'\

*The total area of all regions was approximately 32,953 km 2; areas were approximated by straight line integration.
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Table B-4. Statistics from aerial surveys of bowhead whales conducted October 1979-86.

1979 1980 1981

Percent Number Density as Percent Number Density as Percent Number Density as
Region Region of Area Bowheads Number ~er of Area Bowheads Number ~er' of Area Bowheads Number p'er
Name Area km 2 Surveyed Observed 100 km Surveyed Observed 100 km Surveyed Observed 100 km 2

Total 32,953 5.64 7 0.376 19.66 0.015 11.45 3 0.080

A 13,360 7.69 a 0.0 5.46 a 0.0 1.44 a 0.0
Al 2,361 0.00 a 0.0 5.79 a 0.0 1.50 a 0.0
A2 1,648 1.40 a 0.0 15.66 a 0.0 4.04 a 0.0
A3 2,688 8.44 a 0.0 12.39 a 0.0 3.38 a 0.0
A4 5,166 12.87 a 0.0 0.04 a 0.0 0.0 a 0.0
A5 1.497 7.46 a 0.0 0.0 a 0.0 0.0 a 0.0

1982 1983 1984

Percent Number Density as Percent Number Density as Percent Number Density as
Region Region of Area Bowheads Number ~er of Area Bowheads Number ~er of Area Bowheads Number p'er
Name Area km 2 Surveyed Observed 100 km Surveyed Observed 100 km Surveyed Observed 100 km 2

Total 32,953 18.33 13 0.215 25.07 7 0.085 36.53 26 0.216

A 13,360 24.09 5 0.155 32.88 4 0.091 35.51 19 0.40
Al 2,361 6.72 a 0.0 6.16 a 0.0 4.83 a 0.0
A2 1,648 21.70 2 0.559 34.35 a 0.0 44.63 6 0.82
A3 2,688 27.26 1 0.136 35.40 3 0.315 38.45 5 0.48
A4 5,,166 31.53 2 0.123 42.92 1 0.045 44.39 8 0.35
A5 1,497 22.79 a 0.0 34.20 a 0.0 37.94 a 0.0

1985 1986

Percent Number Density as Percent Number Density as
Region Region of Area Bowheads Number rr of Area Bowheads Number ~r
Name Area km 2 Surveyed Observed 100 km Surveyed Observed 100 km 2

Total 32,953 24.61 8 0.099 20.48 4 0.059

A 13,360 32.69 4 0.092 26.47 4 0.113
Al 2,361 10.82 a 0.0 6.04 a 0.0
A2 1,648 44.10 1 0.138 29.90 1 0.203
A3 2,688 41.84 a 0.0 28.68 3 0.389
A4 5,166 35.64 3 0.163 34.02 a 0.0
A5 1,497 28.01 a 0.0 24.85 a 0.0
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Table B-5. Statistics from aerial surveys of bowhead whales conducted September and October 1987 in the eastern Chukchi Sea.
~~ -~__=':-_-:~KegiQfLfi:tJ1IT-':>:~s3~1~rJ2:a:re!ls -<!elil~t~dinFXg~~~~~!~-- __'. .____ _ _~ _. _

Percent Percent Survey Percent Number Number Density as Confidence
Region Region of Total of Area Time of Total Transects Bowheads Number Rer Variance Range of
Name Area km 2 Area Surveyed HR:MIN Time Flown Observed 100 km 2 (10-

1
1-) Density

SEPTEMBER
Chukchi

*91,431 100.00 17.68 32:53 100.00 131 1 0.006 a 0-0.017
15 19,780 21.63 3.74 01:29 4.52 8 a a a
16 5,159 5.64 5.36 00:35 1.77 7 a a a
17 17,479 19.12 15.77 05:37 17.09 42 a a a

OJ t8 27,579 30--;+6 i-e-.6-7~-0-5;49--1-7.-6-7 1-7 Q 0 0
~ 19 15,779 17.26 26.09 08:21 25.38 26 0 a 0
00 20 10,655 11.65 50.05 11:02 33.56 31 1 0.019 0.0004 0-0.059

OCTOBER
Chukchi

91,431 100.00 6.34 11:54 100.00 61 1 0.017 0.0002 0-0.047
15 19,780 21.63 0.0 00:00 0.0 a a a a
16 5,159 5.64 0.0 00:00 0.0 0 0 0 0
17 17,479 19.12 9.11 03:25 28.71 28 0 a a
18 27,579 30.16 0.68 00:22 3.05 1 a 0 a
19 15,779 17.26 8.94 02:54 24.36 14 a a a
20 10,655 11.65 24.50 05:13 43.88 18 1 0.038 0.0017 0-0.126

*The total area of all regions was approximately 91,431 km 2; areas were approximated by straight line integration.
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Table B-6. Statistics from aerial surveys of gray whales conducted September and October 1987 in the eastern Chukchi Sea. -
Region numbers refer to areas depicted in Figure B-7.

Percent Percent Survey Percent Number Number Density as Confidence

Region Region of Total of Area Time of Total Transects Grays Number r-er Variance Range of

Name Area km 2 Area Surveyed HR:MIN Time Flown Observed 100 km 2 ( 10-4) Density

SEPTEMBER
Chukchi

*91,431 100.00 17.68 32:53 100.00 131 35 0.217 0.0247 0-0.527

15 19,780 21.63 3.74 01:29 4.52 8 0 0 0

16 5,159 5.64 5.36 00:35 1.77 7 16 5.791 20.6376 0-16.907

17 17,479 19.12 15.77 05:37 17.09 42 17 0.617 0.0704 0.081-1.153

18 27,579 . 30.16 10.67 05:49 17.67 17 0 0 0
0' 19 15,779 17.26 26.09 08:21 25.38 26 2 0.049 0.0011 0-0.118
I- 20 10,655 11.65 50.05 11:02 33.56 31 0 0 0
\0

OCTOBER
Chukchi

91,431 100.00 6.34 11:54 100.00 61 1 0.017 0.0003 0-0.053

15 19,780 21.63 0.0 00:00 0.0 0 0 0

16 5,159 5.64 0.0 00:00 0.0 0 0 0

17 17,479 19.12 9.11 03:25 28.71 28 1 0.063 0.0025 0-0.165

18 22,579 30.16 0.68 00:22 3.05 1 0 0 0

19 15,779 17.26 8.94 02:54 24.36 14 0 0 0

20 10,655 11.65 24.50 05:13 43.88 18 0 0 0

*The total area of all regions was approximately 91,431 km 2; areas were approximated by straight line integration.
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