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ABSTRACT

This report describes field activities and data analyses for aerial surveystoédd whales
(Balaena mysticety€onducted duringall 2010(1 Septembei 15 Octobe) in the Beaufort
Sea, betweeh4O’W and 15°W, south of72 N.

During Septerber and Octobe201(Q ice cover wagxtremely light The study area was
completely icefree east of 147°Wige coveragenas limited to thevesteracentral nearshore
region of the study are8y the middle of September, broken floe ice remained in ant obrt
Harrison Bay only.Freezeup begann thenearshore aregbetween barrier islands and shore
and in shallow areas seaward of the barrier islamgsarly October and most of the study area
had 1020% new ice by miDctober when the field seasorded

A total of 21 survey flights wereonduced. There wer&26sightings ofl78bowhead whales
observed during all (transect, search and circling) survey effattlitionally,2 gray whales
(Eschrichtius robustys 56 beluga (Delphinapterus leucgsl walrus Qdobenus rosmaris?
bearded seal&rignathus barbatus 278 unidentified pinnipedsand53 polar beargUrsus
maritimug were observeduring all survey effort Total flight time wa®©6 hours, which
included39 hoursof transect survey effar

Sighting rates (number of whales per km surveyed) of bowhead vdmatesnsecper survey
block were highest imearshore survey blocks in the eastern part of the study area (between
140°W and 143°W) and north of Deadhorse (146°W to 150°W), argltkiey block northeast
of Pt. Barrow (154°W to 157°W). ighting rates of belugason transecper survey blockvere
highest inan offshore survey block north of Harrison Bay (150°W to 154°%ighting rate per
depthzonefor bowhead whalesn transect wahighesin the shallowest depttone(020 m) in
the westerr{154°157°W)Alaskan Beaufort Seand in the 2350 m depth zone in the central
eastern (140154°W) Alaskan Beaufort Se&ighting rateper depttzonefor belugason
transectwvashighest in he 2022,000 mdepthzonein thecentratleastern Alaskan Beaufort Sea
belugas were not seen west of 154°Vérge groups of feeding bowhead whales wereseen
northeast of Pt. Barrow (154°W to 157°Wplike inprevious years

Median distance frormn transecbowhead whalsightings to a normalized shorelineag16.2

km (rangel from 1 to 29 km) in the East Regio(140-148°W), and21.6km (rangel from 2 to
79km) in the West Regiofi148*-156°W). Median depth abn-transecsightings vas30 m

(rangel from 13 to 49 m) in the East Region, arad m (rangel from 10to 189m) in the West
Region. Compared farevious years withght ice coveragdi.e., 1982, 1986, 1987, 1989, 1990,
1993200), sightings were significantlgloser to shore and in shallemwater in theEast

Region
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INTRODUCTION

In 1953, the Oute€Continental Shelf Lands Act (OCSLA) (43 USC 13B356) charged the

U.S. Secretary of the Interior with the responsibility for administering minerals exploration and
development of th®uter Continental Shelf{JCS. The Act empowered the Secretary to

formulate regulations so that its provisions might be met. The OCSLA Amendments of 1978 (43
USC 1802) established a policy for the management of oil and natural gas in the OCS and for
protection of the marine and coastal environments. The amended OCS3ishtistdtthe

Secretary of the Interior shall conduct studies in areas or regions of sales to ascertain the
Afenvironmental i mpacts on the marine and coas
and the coastal areas which may be affected by ciladdghevel opment 0 (43 USC

Subsequent to the passage of the OCSLA, the Secretary of the Interior designated the Bureau of
Land Management (BLM) as the administrative agengyarsible for leasing submerged

federal landsand the Conservation Divisiaf the U.S. Geological Survey for classificatiarda
evaluation of submergeeéderal lands and regulation of exploration and production. In 1982, the
U.S.Minerals Management Service (MMS) assumed these responsibilities.

To provide information used in einonmental impact statements and environmental assessments
under the National Environmental Policy ABIEPA) of 1969 (42 USC 4324347), and to

assure protection of marine mammals under the Marine Mammal Protecti(MMBA) of

1972 (16 USC 1361407) and the Endangered Species Act (ESA) of 1973 (16 USC-1533),
theBLM (and later, MMS)funded numerous studies involving acquisition and analysis of
marine mammal and other environmental data.

In June 1978the BLM entered into alfndangered Species ¥8ection 7 consultation wittine
National Marine Fisheries ServiddNIFS). The purpose of the consultation was to determine

the likely effects of the proposed Beaufort Sea Oil and Gas Lease Sale on endangered bowhead
(Balaena mysticetysand gray whalegEschrichtius robustys NMFS determined that

insufficient information existed to conclude whether the proposed Beaufort Sea sale was or was
not likely to jeopardize the continued existence of bowhead and gray whales. In August 1978,
NMFS recommended diies tothe BLM that would fill the information needs identified during

the Section 7 consultation. Subsequintogical Opinions for leasing and exploration in the
Beaufort Sea (Sales 71, 87, and 97) and the 1988 AregmR Biological Opinion (ARBO)

used for Beaufort and Chukchi Sea sales (Sales 124, 126, 144, and 170) recommended
continuing studies of whale distribution and Oid8ustry effects on bowhead whales (USDOC,
NOAA, NMFS 1982, 1983, 198And1988) and monitoring of bowhead whale presenaend

periods when geophysical exploration and drilling are occurring. The current ARBO, issued by
NMFS in 2006 for leasing and exploration in the Beaufort Sea, also reconmedémat whale
distributionand acoustic monitoringtudies during thé&all migration continue to describe the

impact of exploratiomnd productioractivities on the migration path of bowhead whales in the
Beaufort Sea.

Following several years when drilling was limited to the period 1 November through 31 March
(USDOI, MMS1979),variable 2month seasonalrilling restrictiors onfall exploratory activity



in the joint Federal/State Beaufort Sea sale asraimplemented.The MMS (Alaska OCS

Region) adopted an endangered wimadmitoring plan that required aerial surveys. The Diapir

Field Sale 87 Notice of Sale (1984) states tha
Government, the lessee, or both to determine their locations relative to operational sites as they

mi grate through or adjacent t sequettlasssalésen ar ea o

the Beaufort Sea (Sales 97, 124, 144, 188, 195, and 202lid not include a seasonal drilling

restriction but the Mtice of Saldor each contained an Information to Lessees clatamgthat

AMMS i ntends t wideecodangdred whale mdnisring pragram in the Beaufort

Sea during exploration act i vandl998)sloforrhaiceD Ol , MM
gathered is used to help determine the extent, if any, of adverse effects on the species.

From 1979 to 198the MMS (formerly BLM) funded annual monitoring of endangered whales
in arctic waters under Interagency Agreements with the Naval Ocean Systems Center and
through subcontracts to SEACO, Iifcjungblad et al. 1987) The MMS usd agency personnel
to perfom fieldwork and reporting activities for the Beaufort Sea on an annualflzasid 987

to 2006(Treacy1988,1989 199Q 1991, 1992 1993 1994 1995 1996 1997 1998 200Q

20023 2002h Monnett and Treacy 200&8ndUSDOI, MMS 2008. In 2007, an Interagncy
Agreement between MM3J(S. Department of the InteripandNMFS (specificallythe
National Marine Mammal LaboratofiNMML ], Alaska Fisheries Science Centesas
established to authorize NMMo conduct thdowhead Whale Aerial Survey ProjdBt\WASP)
surveysandassume partial responsibility for the managemeth@project In 2008,NMML
adoptedull responsibility forall aspects ofhe BWASP surveyand related task€larke et al.
2011a, 2011h. The MMS is now the Bureau of Ocean Energy ManagenRegulation, and
Enforcement (BOEMRE).

The goals of the ongoing project daoe

1) Define the annudiall migration of bowhead whales, significant intexar differences, and
long-term trends in the distance from shore and mdépth at which Wwales migrate.

2) Monitor temporal and spatial trends in the distribution, relative abundance, habitat, and
behaviors (especially feeding) of emtjered whales in arctic waters.

3) Provide reatime data taMS [now BOEMRE] and NMFS on the genenatogress of théall
migration ofbowhead whales across the Alaskan Beaufort Sea, for use intiprotEchis
endangeredpecies.

4) Provide an objectiyavide area context for management interpretation of the oviedhll
migration of bowhead halesand sitespecific study results.

5) Record and mapelugadistribution and incidental sightings of other marine mammals

6) Determine seasonal distribution of endangered whales in planning areas of interest to MMS
[now BOEMRAH.



METHODS AND MA TERIALS

Study Area

Theaeral survey programnwasbased on a design nbrth/southtransectglistributed randomly
within established geographocks overlapping or near Beaufort Sea sale areas offshore of
Alaska an area commonly referred to as thetN@&@lope The present study included Beaufort
Sea Survey Blocks 1 through 1R2d. 1) betweenl40°W and 157°V\Wsouth of 72°Nand rorth

of the shoreline of Alaskalhe study area encompasses approximately

107,500 krA.

A largescale Beaufort Gyre movegters clockwise from the Canadian Basin westward in the
deeper offshore regionSeaward of theyge is the eastwartlowing BeaufortUndercurrent,

which flows subsurfacaniareas where bathymetryg&to 2,000 m (Aagaarii984). In the
nearshoreshallav waters of the Beaufort inner she®%0 m depth)currents tend to follow local
wind patterns In winter, currents are not substantial even when winds are strong. In summer,
currents are much stronger and may flow either east or west, depending on prevailing winds.
Based on analysis ofadeled sea level and ice motion, wididven motion in the Arctic was

found to alternate between anticyclonic and cyclonic circulation, with each regime persisting
from5to 7 years (Proshutinsky and Johnd@®97,Johnson et al. 1999).

In the Beaufort Sedandfast ice forms during tHall and may eventually extend up to 50 km
offshore by the end of winter (Norton and Weller 1984). The pack ice, which includes multiyear
ice averaging 4 m in thickness, with pressure ridges up tothckn(Norton and Wéér 1984)
becomes contiguous with the new ahdreast ice in latdall, effectively closing off the

migration corridor to westbound bowhead whalEsom early November to milflay, the

Beaufort Seamormally remains almost completetgvered by ice congered too thick for whales

to penetrate. In mitlay, a recurring lead can form just seaward of the stable fast ice, followed
by decreasing ice concentrations (LaBelle et al. 1983) and large areas of open water in summer.
In recent years, the minimuareaof thesummer ice pack has been shrinking, setting records for
new minimums in several years includid@07, 2008 2009 and 201({National Snow and Ice

Data CenteR007, 2008 2009 201Q. The open water season has lengthened and the southern
edge of tke ice pack habeen father from Alaskan shorelineS.he decrease in sea ice extent has
been correlated with an increase in Arctic Ocdand:cover (Eastman and Warr2d10).

Local weather patterns affect the frequency and effectiveness of all maialesaereys. The

study area is in the arctic climate zone, with mean temperatures at Alaskan Beaufort &ka coast
locationsrangingfrom -0.9°C to-0.1°C during September and frof®.7°C t0-8.5°C during

October (Brower et al. 1988). Mean temperatureasured at Barrow since 1972 have

increased by 2.9°C (5.2°F), likely due to circulation changes (increased warm air advection from
southern latitudes) or increased infrared baazkation due to increased cloudiness, water vapor

or CO, (Wendler et al2009. Total annual pecipitationin the Alaskan Actic has decreased

since the late 1940s (Stafford et al. 2000), but the heaviest precipitation (snow and rain) occurs in
September and October (Brower et al. 1988gan wind speedt Barrow and Barter Islan
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is from5 to 6 m/s during September and 5 to 8 during October (Brower et d/988). Wind
speeds in September and October are generally higher than during other times of the year,
perhaps becauskeopen water and cooling land mass increase thermal instability (Wendler et
al. 2009). Wind direction is predominantly easterly, which also drives the Beaufort Gyre, but
winds occasionally reverse and shafbeingwesterly The occurrence of storndsiring which

at least one hourly reading of wind speess > 15 m/s(approximately Beaufomwind force7)

has also increased since 1972 (Wendler et2009). Highest annual mean wispeeds at

Barrow were recorded sintiee early 1990s¢he mean annual windpeed in 2006 was
approximately 2 m/s (Fig 3 in Wendler et al2009).

Sea statelso affectwisibility during aerial surveys. Surface waters in the Beaufort Sea are
driven primarily by wind. Ocean waves are generally from northerly or eadieatyions

during September and Octobd?rior to 1997, significant wave heights were reduced by a factor
of 4 from heights that would otherwise be expected during the-oager season because pack
ice limited fetch. Since 1997, large expanses of open Wwater been present during some or all
of the survey. Corresponding wave heights have been considerably higher during periods of
high wind.

Equipment

Most BWASP surveysm 2010were flown ina de Havilland Twin Otter Series 300 equipped for
arctic operéion and aerial surveys afhales provided byheU.S. Department bCommerce,
National Oceaic and Atmospheric Administration, Aircraft Operations Ce(@¢dC).
Administrative sipport NOAA Corp pilots, and an esite mechanievere also provided by

AOC. Additional surveys in the BWASP study area were flomwan Aero Commander 690A,
provided by Northern Commanders and Clearwaterinc., which was based in Barrow to
conduct surveys in theortheastern Chukchi Sea for the Chukchi Offshore Monitoring in
Drilling Area (COMIDA) project(Clarke et al. 201d). Bothaircraft wereequipped wittbubble
windows that afforded complete trackline viewing. The pilot and copilot seats provided good
forward and side viewing. Each observer was issued alrglddlinometerfor measuring the
angle of inclination to sighting locatien Observers and pilots were linkeith acommon
communication systemThe Twin Otteraircraft's maximum time aloft under normal survey load
was extended to approximatélyours throughihe use of a supplemental onboard fuel tank
while the Aero Commande@rsiaximum time aloft was approximately 5 hours.

A laptop computing system was used aboard the aircraft to store and analyze flight and
observational data. The computer system was abetéo a Garmin Global Positioning System
(GPS) with an externantennaindependent of the aircraft GP&atitude, longitude, and flight
altitude from the GPS were transmitted to the computer through a standard serial connection.
Data were backed up fan onboard external hard drivA custom maping program permitted

the datarecordéero vi ew t he aircraftds trackIline in

Onboard safety equipment included an imgaggered emergency locator transmitter installed
in the aircraft, a 8-peron search and rescue lifaftrequipped witlanemergencyurvival kit,a
portable personal locatoelcon, portablenarine band andircraftband transceiverand



orangemmersionsuits All personnel undeventregular aircraft egress, wilderness fagd, and
other safety trainings required by AOC and NMML. Observers and pilotsseorange
MustangConstant WeaAviation Dry Suit System MSF300 and Switlik personal flotation vests
outfitted with personaldcator keacons and other safety gear.

TheU.S. Department of the Interior, National Business Center, Aviation Managdiasion

AAut omated FIlight Foll owi ngo-bdsé&dA¥ationsy st em was
Managemenbivisionp er s onn el -tfroarc kfisnagtoe Itlhiet epr oj ect ai rcr
Beaufort Sea. Aviation Management obtained current flight information in the form of maps for
reattime visual tracking of the survey aircraf@n Iridium satellite phonevas usedo

communicag aircraft position to Aviation Managemesdch hour In adlition to these flight

following systems, the onboard transponder was set at a discrete identification code for radar

tracking by aittraffic-control personnel.

Methodologies, equipmeand standard procedurieave beenleveloped ad refined over the
duraion of the BWASP project (1972010. Additional details of aboard equipment, data

collection, and posdfield analyses are described in detail elsese{e.g. Monnett and Treacy
2005 USDOI, MMS 2008 Clarke et al2011c).

Aerial Survey Design

Aerial surveyswvere primarily based out of Deadhorse, Alaska, frbirf@eptembethroughl5
October201Q the Aero Commander was based out of Barilaska,during the same time
period The field schedulavasdesigned to monitor the progressioéfall bowhea whale
migrationacross the Alaskan Beaufort Sezightings of all marine mammals observed were
recorded.

Daily flight patternsvere based on sets of unique transect gadsputergenerated for each

Survey Blockor set of two Survey Blocks (for blocksiented together on a norfiouth axis)

Transect gridsvere derived by dividing each Survey Block into sections 30 minutes of longitude
across. One of the minute marks along the northern edge of each section was selected at random
andthen connectedyba straight line to a similarly selected endpoint along the southern edge of

the samesection. This procedure was followed for all sections @Siirvey Blockresulting in a

series of transect linesThese transect legs were then connected alterrstiigir northernmost

or southernmost ends to produce one continuous flight grid within each Survey Block.

The selection of Survey Blocks to be flown on a given day was nonrandom, based on reported or
observed weather conditions over the study anelvoidance of recently surveyedeas

Weather permitting, the project attempted to distribute effort fairly evenly across the entire study
area. A semimonthly flighhour goal for each Survey Block was allocated proportionately for
Survey Blocks east df54°W. This wasased on relative abundance of bowhead whales as
determined from earligall migrations (1979.986). Such allocations greatly favored survey
coverage in inshore Survey Blocks 1 through 7 andidlL 1) becausdowheadvhales were
rarelysighted north of thedalocks in previous surveys. The purpose of these steffeyt

allocations was to increase the sample size of whale sightings within the primary migration



corridor, thus increasing the power of statistical analysis within thelsergtdocks. Only data
from transect legs were ub&o analyze the migration axis

Survey Flight Procedures

During a typical flight, asearch leg was flown to the targgirvey Block wherebya seies of
transect legsvere flown followed by a search deback to Deadhorselransects were joined
together by short search legs. Circling was initiated toduitivestigate cetacean sightings
described belowSurveys generally were flown at a target altitude of 45Butcould be flown

as low as 30m. Weather permitting, thhigheraltitude was maintained to maximize visibility
and minimize potential disturbance to marine mamm@lsen cloud ceilings were less than 305
m or thewind force was above Beaufort Survey flights were redirected to SaywBlocks with
better conditions Survey flights were aborted when conditions consistently did not meet
minimum altitude 805 m) or wind force (Beauforf) Sequirements Survey speed was gerally
204 km/h.

Primary observers were stationed on eithée ®f the aircraft at bubble windowlsatpermitted
anunobstructedield of vision fromthe trackline directly belw the aircraft to the horizon. The
data recorder was primarily responsible for data entry but also functioned as a secondary
observer A clinometer was used to measure the angle of inclination to each sighting when the
initial sighting location was abeam of the aircrafinly sightings from primary observers were
recordedason transect; sightings by the data recorder, pitmteccasionifourth observervere
recordedason search.

Whencetaceangere encountered while surveying a transect line, the aircraft sometimes
diverted from transect for brief (¥0 minute) periods and circled the whalewv#wify species,
observe behavior, obtabetter estimates @roup sizeand determine whether calves were
present. Any new sightings of whales made while circling wererded as oncircling rather
than as ortransect.Sightings madeff transectand not while circlingvererecorcedas on
sarch.

Survey effort over land or in areas wherehiltly was zero was designatedatheacnd not
incorporated into further analyses.

Data Entry

Customized menudrivendataentry softwarewas used to record all data in database format
(MS-Access).Location data (date, time, latitude, longitude, altitude, and aircraft heading) and
environmental conditionsKy conditions, visual impediments, visibility left and right, percent
ice coverage, ice type, and wind foreeere recorded at sightings, turnipgints, when
environmental conditions changed,atherwise at intervals of minutes (in time).A complete
data sequenogas recordedbr cetacearsightings including location data, environmental
conditions,survey typespecies, total numbéas wellas low, highand best estimate of group
size) observer, swim directionr¢e), clinometer anglenumber of calvesbehavior, sighting cue,
group classificationhabitat, swim spee@hether it was aepeat sighting, and response to



aircraft. Reduced dat sequences were used when recording other marine manfoalson
data only (date, time, latitude, longitudadaltitude) were automatically recorded every 30
secondgin time)to provide a more complete record of the flight track.

The behavior, sun speed, and swim directiarf observed whales represent what the pod as a
whole was doing at the time it was first sight&khaviors were entered intal 15 categories

as notedduringprevious survey¢Table1). The def ault behaentered was
whenever an alternate behavior was not obser@gdnming 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 per minute corresponded to an estimated dpk&théhr. One body length per
30 seconds was estimated at 2 km/hr, and so on. Swimming speed was recorded by relative
category (i.e., still, 0 km/hr; slow;® km/hr; medium, 24 km/hr; or fast, > km/hr). Group
composition included categories singdajr, mixed group, etcand was designed to provide
additional information on group dynamicSwim directionwas recorded relative to the airctaf$
heading, andhenconverted to actual swim directiota a module incorporated into the data
collectionsoftware

Wind force was recorded according to the Beaufort scale outlineitbiing, Seamanship, and
Small Boat HandlingChapmarii971). Ice type was identified using terminology presented in
Naval Hydrographic Office Puigiation Number 609 (USDOD, N& 1956). Average ice cover
within the field of viewfrom the aircraft was estimated as a single percentage, regardless of ice

type.

General Data Analyses

Preliminary field data analysis wapsrformed by a computer prograhat provided daily
summatios of marine mammals observed, plus calculation of time and distat@sact
searchcircling, and deadheambrtions of the flight. Taprogram provided options for editing
the data file, calculating summastatistics on sightings and effort, andtplay the paths of one
or more flights by Beaufowind force

The water depth at each bowhedualesighting in the 1982010database was derived from
the International Bathymetric Chart of the Arctic Ocean (IBCAO
http://www.ngdc.noaa.gov/mgg/bathymgtrctic/arctic.html) which had a spatial resolution of
2 kmsquaredthe spatial resolution after geoprocessing 2887 km square.

Maps were prepared with application software (ArcGIS) based on Universal Transverse
Mercator Zone 6 (central meridianl47W, reference lat=0.00000, false eastirwg
500000.00000, false northirgd.00000, spheroid = GRS 80, scale factor = 0.99960). The
natural coastline was adopted from the State of Alaska, Department of Natural Resources.

Environmental informatiorincluding wind speed and direction, ceiling, visibility, temperature
dew point, ice covernd sea surfacemperaturavas collected froomumeroudNational

Weather Servicevebsitesandseverabther weather and climatelated web pages for the
durationof the field season. Data were collected stored electronically ftwoth specific



Table 1.-- Operational definitions of observed whale behaviors

Behavior Definition

Breaching Whale(s) launching upwards such that half to nearly all
the body isabove the surface before falling back into the
water, usually on its side, creating an obvious splash.

Cow-Calf Calf nursing; cowcalf pairs swimming within 20 m of
each other.

Diving Whale(s) changing swim direction or body orientation
relativeto the water surface, resulting in submergence;
may or may not include lifting the tail out of the water.

Feeding Whale(s) diving repeatedly in a fixed area, sometimes

FlipperSlapping

Log-Playing

Mating

Millin g

Resting

Rolling

mud streaming from the mouth and/or defecation obsel
upon surfacing. Featy behavior is further defined as
synchronous diving and surfacing or echelormations at
the surface with swaths of clearer water behind the
whale(s), or as surface swimming with mouth agape.

Whale(s) floating on side, strikingelwater surface with
pectoral flipper one or many times; usually seen within
groups or when the slapping whale is touching another
whale.

Whale(s) milling or thrashing in association with a floati
log.

Ventratventral orientdon of two whales, often with one
or more other whales present to stabilize the mating pa
Mating is often seen within a group of milling whales.
Pairs may appear to hold each other with their pectoral
flippers and may entwine their tails.

Whales moving slowly at the surface in close proximity
(within 200 m) to other whales, often with varying
headings. Also one whale slowly changing its heading

Whale(s) floating at the surface with head, or head and
back exposed, showing meovement; more commonly
observed in heavice conditions than in open water.

Whale(s) rotating on the longitudinal axis, sometimes
associated with mating.



Spy-Hopping

Swimming

Tail-Slapping

Thrashing

Underwater
Blowing

Whale(s) extending head vertically out of the water suc
that up to oe-third of the body, including the eye, is abo
the surface.

Whale(s) proceeding forward through the water propell
by tail.

Whale(s) floating horizontally or heatbwnward in the
water, waving tail back and forth abovetwater and
striking the water surface; usually seen in group situatic

Whale(s) exhibiting rapid flexure or gyration in the wate

Whale(s) exhaling while submerged, thus creating a vis
bubble.
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locations (3., Deadhorse, Barter Island, Kuparak, Alpine, and the weather station at West
Dock) and for the Beaufort Sea region.

Sea icanformationwas obtained from the National Weather Service Forecast Desk, Anchorage,
Alaska(http://pafc.arh.noaa.gov/ice.phpSea ice analysegere produced three days per week
and provide information on ice concentration (in tenthge and thickness

Survey effort and observed bowhealaledistribution were plotted semimonthly over the
Beaufort Sea study are&all sighings of belugg, as well as incidental sightings of other marine
mammals, were depicted on separate maps. Common and scientific names used for marine
mammals in this report are taken from Rice (1998).

Whale sightingsvere shown on distribution mapegadiess of the type of survey leg (transect,
search, ocircling) being conducted or the prevailing environmental conditions (sea state, ice
cover, etc.) when the sightings were made. As with previous reports in this series (e.g., Monnett
and Treacy 2003JSDOI, MMS 2008 Clarke et al2011a,2011b), sameday repeat sightings or
sightings of dead marine mammals were not included in summary analyses or maps. Where
tables and figures exclude certain data, such exclusions are indicated in the captions.

Analysis of the Bowhead Whale Migration Corridor

The bowhead whale migration corridor was examined using the mean and median distance from
shoreof, and the median depth, athales sighted otransects (Houghton et 41984). Treacy

(1998) found that mediamd mean bowhead whale distance from shore values were only

slightly different. Therefore, annual mean distance from shore was plotted in relation to the
cumulative mean distance from shore for previous years starting in 1982, as described in greater
detal below. Furthercomparisons of various subsets of data were bassthvstical analyses

of mediandistance from shore and depth at sighting the nonparametric MarWhitney U-

test. Ths nonparametric test was used for these data because distsbgeioerally did not fit
assumptions necessary to use the-samplet-test The variancewere not equal between

subsets of datir both depth and distance from shpire addition, the depth data were

considerably skewed and the distance from shorevgr slightly skewed, so neither

distribution strictly met the assumption of normalit¥hen assumptions of thigest are

seriously violated, the Marwhitney U-test may be more powerful than the taamplet-test

(Hodges and Liehman 1956, ZE884). Statistical tests were undertaken usStgtisticd"

StatSoft, Version 5.1 and ArcGIS, Version 9Median distance from shore and depths for
bowheadvhalesightings in201Q ayear withlight ice coveragewerecompared wittanalogous

values forcombined dta from previous years having light ice coverage (i.e., 1982, 1986, 1987,
1989, 19901993-20(0).

All bowhead whale sightings made while on transect, regardless of distance from the transect
line, wereincluded in thisanalysis Distance from shore andater depth at bowhead whale
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sightings were analyzed for two regions (Y the boundaries of which cespond roughly to
oceanographipatterns and the offshore extent of sampldegscribed in more detail below
Selected isobaths (10 m, 20 m, 30 &, 50 m, 60 m, 100 m, 500 m, 1,000 m, 1,500 m,
2,000 m, 2,500 m, 3,000 m, and 3,500 m), derived from IBCAO data, were also included in
Figure 2 for visual reference.

Oceanographic patterns common to waters off northern Alaska are reviewed in Moore and
DeMaster (1997). In brief, cold saline Bering S¥ater and warm fresh Alask&woastalWater

enter the Alaskan Beaufort Sea through Barrow Canyon. Both water masses are identifiable on
the outer shelf (seaward of 50 m) as the eastward flowing Be&lridetcurrent (Aagaard

1984). Bering SewWater has been traced at least as far east as Barter Island (~143°W), but the
AlaskanCoastalWater mixes with ambient surface waters as it moves eastward and is not
clearly identifable east of Prudhoe Bay (~14148°W). Therefore, the delineation between
EastandWest Regions for this analysis occurs at 148°W, based upon association with the
general distribution patterns of these water masses.

The northern extent of each region is based upon survey effort. Thiedfagn extends from
140°W to 148°W andorthwardfrom the shore to 71°101, except between 146°W and 148°W
where the region extends to 71°RD' The northern boundary for this region corresponds with
boundaries of Survey Blocks 2, 6, and 7 (Rig blocks with sufficient survey edft to support
analyses (Treacy998). The West Region extends from 148°W to 156°Wramthwardfrom
shore to 72°N, except between 148°W and 150°Wrevthe region extends to 71°RDdue to

the layout oBlock 2. The notiern boundary for this region corresponds with boundaries of
Survey Blocks 2, 1Jand 12 (Figl). The eastern boundary (140°W) is the easternmost
longitude of the Survey Blocks. The western cutoff at 156°W limits the analysis to bowhead
whales seen inhlte Alaskan Beaufort Sea and avoids the influence of Barrow Canyon on
bowheadvhaledepth distribution.

The shoreline used for the distance from shor
Beaufort Sea shoreline to provide a standardization of disfemmeshore measures regardless

of the mapping software being used to depict
was defined by straighine connections betwedl points at specific shoreline or barrier island

| ocati ons ac thG&leps betwwkea $568°8/ @rsd 140U (2Y The points used to
onormali zed the shoreline are as foll ows:

71.317°N, 156.000°W
70.883°N, 153.900°W
70.917°N, 153.115°W
70.817°N, 152.200°W
70.430°N, 151.000°W
70.550°N, 150.167°W
70.450°N, 147.950°W
69.967°N,144.700°W
70.150°N, 143.250°W
69.650°N, 141.000°W
69.617°N, 140.000°W

12
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Two data subsets from BWAS®10were analyzed and are described below:

1 All bowheadwhalesightings on transect, regardless of behavior recorded. The analysis
of this subset assumed tlzdit bowhead whales in the Alaskan Beaufort Sea were
migrating from the Canadian Beaufort Sea, where most bowilealds are assumed to
spend summanonths, thragh the Alaskan Beaufort Seareate to wintering areas in
the Bering Sea. Under this assumption, any feeding, mibingesting behavior
observed was considered temporary, and all

1 All bowheadwhalesightings on transecexcludingwhales that were observed feeding,
milling, or resting. These behaviarightb e consi«thegedtdngn and ma
influence, at least temporarily, the migratory path.

One caveat to this analysis is thaalyzing the bowead whale migration corridor based on
number of sightingenly may ke biased because survey efforsvedten variable both within and
across yearand because sightings of a single animate weighted equally teightingsof

several animalsThereforethere may be more sightings in areas with greater transect effort and
fewer sightings in areas with less transect effarén if the population density in the two areas is
the same

Sighting Rate and RelativeOccurrence Analyses

Sighting rate quantiy relative occurrencehile accounting for heterogeneity survey effort
across the study area. Sighting rates were defordtireedifferentspatialscales. Estimated
total effort fransect, searcland darcling combined in kilometerg and transeatffort only (in
kilometerg per Survey Block were calculated to determine annual sighting(rateber of
whales per unit efforWWPUE) for bowhead whales and belugadthough Survey Blocks are
arbitrary geographic areas, they provide a basis for ime&d crossccomparisons. Effort over
land, between barrier islands and the mainlaanadd north of the study area (north of 72°Nisw
not includedn this sighting rate analysi€stimated transect effort (km) per deptine(O20 m,
21-50 m, 3-200 m and 2@-2,000 m)wascomputed separatefgr two subareasOnesularea
spanned.54°W to 157°W, and includd Barrow Canyon and its surrounding area, which has
noticeably different bathymetry than the rest of the BWASP study(Biga?). The other
subarea for the dep#toneanalysisspanned40°W to 154°W, an area incorporating a well
defined continental shelf and slop&n additional sighting rate analysis was conduetil
finer-scale (5latitude by 15longitude),which ugda grid matrix consisting of apptimately
equilateral grid cellsuperimposed across the study area. Bowhéadesighting rate®n this
finer scalewere calculated as the number of transect sightings peramseceffort (SPUE) for
each grid cell An index of relative occurrence of feeding and milling behayoprantified as
SPUE ,wasalsocalculatedor the finer scalgrid. The finerscale gridanalysisincluded transect
effort within the barrier islandand north of 72°N Sighting rates wer not corrected for
availability or perception bia@Buckland2001)
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RESULTS

Environmental Conditions

Seaice coverage in the Alaskan Beaufort Sea was light durinBWaSP 2010survey period
Sea ice exterreceded tahethird lowest level sinceatellite measurements began in 1979
(NationalSnow andice DataCenter2010). The BWASP study area was completely-icee
east of 147°W during all of September (FiglAo A-4). West of 147°W, 280% broken floe
ice persistedhetween shore and ~71N6{Fig. A-1) in early SeptemberBy the middle of
September, broken floe ice remained in and north of Harrison Bay only (B). Mew ice
started forming in shallow areas nearshore by early October and, ¥yatutder, 1e20% new
ice was forming in mdasof the BWASP study area (Fig-A). Ice percentage and sea state
eachbowhead whalsighting ae presentedh Appendix B. The absence of sea ice in most of
the study arean potential survey days 2010 led togenerally poor survey conditions, iading
higher tharpreferred sea states, low ceilings and widespreadfogxamine inteannual
variability in bowh@dwhaleand other marine mammal distribution and occurrea@gQdata
were compared to data from other years with light ice coverage

Survey Effort

Thefall field season was frorh Septembeto 15 October2010(Table 2) There were1 flights,
of which 14 were in September aifdwere in October Two flights (229 and 235) were
partitioned between the BWASP and adjacent COMIDA studgsa only survey effort east of
157°W was included hereDver 20000 km wereflown during96 hours; 35% of total survey
effort was ordeadhead (ncunsable survey time)The average survey flight wag83 km,
rangingfrom 536to 1,972km. A total 0f7,929 km of transect lines were flown 89 hours.
Transeceffort constituted38% of the total Kometersflown and41% of the total flight hours.
Surveyflight lines are ammarizedn Figures 3 through6. Coverage in early September was
good inmostof the study are@Fig. 4). Survey coverage in late September wasuniform
(Fig. 5) due to very poosurveyconditions, including fog, high winds, blowing snow, and
widespread icingwhich oftenhindered attempts to surveyoffshore areasSurvey coveragin
early Octobewas limited tathe westerralf of the study areas poor conditions prevented
flying east of Survey Block IFig. 6). The BWASP aerial survey season ended®@dtober
the aircraft and observer team remained in Deadhorse until b®&gcbut weather precluded
any additional survey flightsSurvey coverage wageaest in Blocksl, 3, and 12and lowest in
Blocks4, 6, and 7 Surveys in Bocks 8, 9and 10were not attempted in 2010 because
conditionswere not favorable for surveygroffshore (high winds and low visibility)Flight

lines associated sea statasid sightingsire presentefbr individual flights in Appendix C.
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Table2. -- Aerial survey effort in the Beaufort SelSeptembed5 October201Q by survey
flight Semimonthly totals may not exactly match the sum for the time period due to
rounding error.

Flight Transec Circling Searcl Deadhea Total Transec Total

Day Number (km) (km) (km) (km) (km) (hr) (hr)
1 Sej 1 19 0 10t 47C 594 0.1 2.2
8 Sej 2 60¢ 41 141 301 1,092 3.1 4.¢
12 Sej 3 38< 75 28< 327 1,06¢ 1.€ 4.¢
12 Se| 22¢ 44¢ 44 15€ 43€ 1,08 2.3 4.¢
13 Se| 4 514 50 14C 2717 981 2.5 4.¢
15 Se| 5 48€ 15 27¢€ 21z 99C 2.4 4.7
17 Sej 6 12C 5¢ 311 23t 724 0.€ 3.2
20 Se| 7 10€ 0 174 257 53€ 0.5 2.4
20 Se| 23t 24¢€ 60 161 22¢ 69t 1.2 3
21 Se| 8 26€ 55 31z 447 1,08( 1.2 4.¢
22 Se| 9 91 9¢ 20< 42¢ 822 0.4 3.7
24 Se| 1C 89¢ 83 432 55¢ 1,972 4.4 10.C
29 Se| 11 0 0 13t 48¢ 625 0.C 2.5
30 Se| 12 37t 27 21¢ 394 1,01« 1.8 4.4
1 Oc 13 50¢ 0 34¢ 441 1,29¢ 2.5 7.C
7 Oc 14 36& 12 22¢ 224 83C 1.8 3.6
8 Oc 15 33t 27 367 265 994 1.7 4.4
9 Oc 16 58¢ 10 18¢ 76 861 2.8 4.2
10 Oc 17 49¢ 0 20t 227 931 2.5 4.2
11 Oc 18 1,072 0 34z 38¢€ 1,801 5.1 8.C
15 Oc 19 0 0 13 645 65€ 0.C 2.5
Semimonthly Effort Summa
1-15 Se| 2,457 22¢ 1,101 2,024 5,807 12.2 26.2
16-30 Se| 2,10: 38¢ 1,94¢ 3,03¢ 7,46¢€ 10.3 34.t
1-15 Oc 3,36¢ 49 1,68¢ 2,262 7,371 16.2 34.¢
Total 7,92¢ 657 4,73¢€ 7,322 20,64« 38.¢ 95.€
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Bowhead Whale Observations
Sighting Summary

During fall 2010surveys 126 sightingsof 178bowhead whalewereobservediuring all survey

effort in the study are@lable 3). Bowhead whaleweredistributed throughout theearshore

regions of thesurvey areaKig. 7). Bowheadwhales were not seen ioffshoreBlocks2, 6, 7

and 11 despte surveys conducted theregoodweathey although one unidentified cetacean that
was a probable bowhead whale was seen in Block 11 on 7 October (Appendixe@yeatest
number ofwhaleswasseenin Block 5. Unlike 2009 andomeprevious years, nolige groups

of bowheadvhaleswere observed in Block 12, despite survey effort there in late September and
early October.Out of thel78bowhead whalegl were identified as calvgg&\ppendix B) The
resulting seasonal calf ratio (humber of calves/totaleg)was 0.022. Locations of bowhead

whale sightings are shown bgraimonthly period in Figuss8 through10.

Sighting Rates

In fall 201Q bowheadvhales were seen fromRointBarrow to CanadaAreas ofhighestfine-
scalesighting ratesrumberof trarsectsightinggtransect km surveyeah 5 km gridcells) were
between Demarcation Point and Kaktovik Block 5), Camden Bayir{ Block 4), the central
Alaskan Beaufort Se@n Block 1), and between Smith Bay and Pt. Barr@wBlock 12)(Fig.

11). There were68 bowhead whale sightingm transect, ranging from 1 whale per sighting (n
57) to 21 whales per sighting. THaghest number of sightings eransectvas inBlock 5 with

29 sightings followed byBlock 1 with 18 sightings. The largest groupf bowheadwhales on
transeci(21 animals) wa®bserved 020 Septembenorthwest of Smith Bayn Block 12

Similar to the finescale sighting rate analysis, thighest sighting rates p&urvey Blockwere

in Block 5 (0.085 bowhead whales on transect/traciskm flown),Block 12 (0.028 bowhead
whales onransect/transect km flown) afdock 1 (0.®4 bowhead whales on transect/transect
km flown) (Table 4).Sighting rates using all bowheadhalesightings per Survey Block were
similar tosighting rates usinjowhead whales seen on transect oidyrvey Blocksighting rate
analyses foprevious years witlight ice coveragean the 1980s and 199(@s.g., Ljungblad et al.
1987; Treacy, 1988, 1990, 1991, 1994, 1995, 1996, 1997, 1998) analyzed total number of
bowhead whales/survey hour flown, and did not removesuwmeyable time periods (due to
lack of suitable visibility) or time spent surveying inside the barrier islandshorth of 72°N
Nonetheless, the pattern of highest sighting rates per year is sioritas all years. Irecent
years withlight ice coveragg20062010), highest sighting ratesere generally in coastal
Survey Blocls (1, 3, 4, 5and 12), anavere usually correlated with large groups of bowhead
whales in feeding or milling aggregatio€larke et al2011b).

Sighting rate forbowhead whales ithe centraleastern(140°-154°W) Alaskan Beaufort Sea

subareavashighest in the21-50 m depthzone(Table 3. Sighting rate fobowhead whales in
the westerr{154°-157°W) Alaskan Beaufort Sesubarea wakighest in the® 2 @epthzone.
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Table 3 -- Summary of marine mammal sightingeimber of sightings/number ofdividuals) during all efforf 1 Septembed5
October201Q by survey flight

Flight Bowhea Gray Unidentifiec Bearde: Unidentifiec  Polal
Day eluge Walrus .
Number Whale Whale Cetacea Sea Pinnipec Beal
1 Sey 1 0 0 0 0 0 11 0 0
8 Sej 2 3/3 0 0 0 0 0 0 1/3
12 Sej 3 6/9 0 6/7 5/5 0 0 0 0
12 Se| 22¢ 3/5 0 0 0 0 0 13/1¢ 1/2
13 Se| 4 13/1¢ 0 2/2 11 11 0 6/17 1/5
15 Se| 5 2/2 0 0 0 0 0 0 3/3
17 Sej 6 3/3 0 0 0 2/2 0 15/67 0
20 S 7 2/5 0 0 0 0 0 11 0
20 Se| 23t 6/27 2/2 0 0 0 0 11 0
21 Se| 8 21/2¢ 0 0 2/3 11 0 11 1/1C
22 Se| 9 18/22 0 0 11 0 0 5/1€ 1/5
24 Se| 10 27/3¢ 0 11 3/5 11 0 46/6t 1/8
29 Se| 11 0 0 0 0 0 0 0 0
30 Se| 12 9/9 0 0 0 11 0 30/9C 1/11
10c 13 7/8 0 0 0 0 0 11 0
7 Oc 14 0 0 0 11 0 0 0 0
8 Oc 15 11 0 0 0 0 0 2/4 0
9 Oc 16 11 0 0 0 11 0 11 1/6
10 Oc 17 4/4 0 0 0 0 0 0 0
11 Oc 18 0 0 25/4¢ 0 0 0 0 0
15 Oc 19 0 0 0 0 0 0 0 0
Semimonthly Sighting Summe
1-15 Se) 27/3¢ 0 8/ 6/6 11 11 19/31 6/1%
16-30 Se| 86/13( 2/2 11 6/9 5/5 0 99/24: 4/34
1-15 Oc 13/1¢ 0 25/4¢ 11 11 0 4/6 1/6
Total 126/17¢ 2/2 34/5¢ 1316 717 11 122/27¢ 11/5:
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Table 4.-- Effort (total and transednly), bowhead whale sightingamberof sightingg
numberof individuals), and bowhead whakghting rate WPUE = transecivhales
pertranseckm surveyed) per Survey Blodgll 201Q

Total Transect

Surve Total Transect
Blocky Effort Bowheads Effort Bowheads WPUE
(km)* (km)*

1 2,036 24/38 1,246 18/30 0.0241
2 780 0 508 0 0.0000
3 3,304 9/11 1,823 4/4 0.0022
4 1,106 20/26 458 4/4 0.0087
5 1,515 56/64 910 29/32 0.0352
6 666 0 493 0 0.0000
7 458 0 335 0 0.0000
8 7 0 0 n/a n/a
9 53 0 0 n/a n/a
10 42 0 0 n/a n/a
11 1,034 0 856 0 0.0000
12 1,573 17/39 1,207 13/34  0.0282

Total 12,573 126/178 7,836 68/104 0.0133

" Total effort differs from values in Table 2 because deadhead km were not includettdreset effort (km)
differsslightly fromvalues in Table2 and 5becauseffort between barrier islands and the mainlardemot
includedin the sighting rate per Survey Block analysis

Table 5.-- Effort (transect only), bwhead whalsightings (number afightings/number of
individuals) andsighting rate WPUE = transeatvhales petranseckm surveyed) per
depthzone western(west of 154°Wandcentrateasterr(east of 154°WAlaskan
Beaufort Seafall 2010

West of 154°W East of 154°W
Transect Transect Transect Transect
Depth Zne Effort (km)*  Bowheads WPUE Effort (km)*  Bowheads WPUE
020 m 370 12/33 0.0892 1,358 13/13 0.0096
21-50 m 236 0 0.0000 2,702 42/57 0.0211
51-200 m 525 1/1 0.0019 1,333 0 0.0000
201-2000 m 121 0 0.0000 1,085 0 0.0000
>2000 m 0 0 0.0000 211 0 0.0000
Total 1,252 13/34 0.0272 6,689 55/70 0.0105

" Transect gbrt (km) differs slightly fromvalues in Table& and 4 because effort between barrier islands and the
mainland were included in the sighting rate per depth zone analysis.

28



Table 6.-- Semimonthly summary of bowhead whaleamber of sightings/numbef o
individuals)observediuring alleffort, by percent ice cover presattsighting
location, fall201Q

porcentice  115sep 1630Sep 115 Oct Total

over

0 16/21 78117  13/14 107/152 (85%)
1-5 11/13 3/3 0 14/16 0%)
6-10 0 5/10 0 5/10 (6%)
Total 27/34  86/130  13/14 126/178

Habitat Associations

Weekly ice coverage for the Alaskan Beaufort Sea durin@@lDis included in Appendix A,
and thepercentage of ice cover visible from the aircraft at each bowlkakksightingis
included inAppendix B. Most bowheadvhales were observed in 5% or lessaice cover
(Table §.

Behaviors

Behaviors ofl 78 bowhead whales observed durelysurvey effort irfall 2010are summarized
in Table7. Thebehavior most ten recorded &%) wasswimmng. Most swimming whales
for which swim direction was recorded were heading wesbdhwest 60 whalesheading
238°-359° Trud. Feeding was recorded for 2hales 12%). Feeding and milling were
recorded in Block4, 3, 5 and 12 Sightingrates of feeding and milling whalebserved on
transeciare shown in Figure2l

Block 12 is a welldocumented bowhead whale feedgrgund (Moore and Reeves 1993
Mocklin, 2009 and is the site of thBOEMRE-sponsored Bowhead Whaledding Ecology
Study (BOWFEST).Preliminary results from BOWFEST indicate thkatl are advected onto

the Beaufort Sea shelf from the Beaufort Sea slope dsudsigined winds from the east
southeast, or possibly from Barrow Canyon during sustainedsidrom the north or northeast
whereupon the windriven, northwestwarflowing shelf current carries the krill toward Barrow
(Ashjian et al. 2010) When winds weakear change to blow from the south, the northeastward
flowing Alaska Coastal Current mes adjacent to the southern edge of Barrow Canyon, thereby
blocking theoffshelf movement of krill. This phenomenon resuiits the aggregatioof krill at

the western end of the Beaufort shelf near Barrow.otleanographic respongethe sequence

of upwelling-favorablewinds followed by wealor southerly winds produces conditions
conducive tenergetically efficient feeding by bowhead whalBewhead whale sightings in
Block 12 in 2009 appeared to be consistent with the predicted mechanism (Clariz® iyl
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Table7.-- Semimonthly summary of bowhead whaleember of sightings/number of
individuals)observediuring all effort by behavioral categoryall 201Q

Behavior 1-15Sep 1630 Sep 1-15 Oct Total
Breach 0 1/1 0 1/1 (<1%)
Cow with calf 0 1/2 0 1/2 (1%)
Dive 0 4/4 1/1 5/5 (3%)
Feed 0 2/22 0 2/22 (12%)
Mill 5/10 6/10 0 11/20 (11%)
Rest 1/1 3/4 0 4/5 (3%)
Swim 21/23 68/85 12/13 101/121 (68%)
Tail slap 0 1/2 0 1/2 (1%)
Total 27134 86/130 13/14 126/178

Surveys wee conducted in BlockZlon three occasions during BWASP 2010, and bowhead
whales were seen during each flight (Fig).10n 20 September, 27 bowhead whales were seen
during marginal survey conditions (Beaufort 2 to 4,3m visibility) between Smith Baand
Pt. Barrow Of the whales reported, 22ere feedingall within the 20 m contourThe
remaining 5 whales were scattered frontd.25 km offshore at depthangingfrom 16to 172
m. On 1 October8 bowhead whales werbserved duringcceptablesuvey conditions
(Beaufort3 to 6, 5-10 km visibility). All sightings were within the 20 m contour between Smith
Bay andDease Inlet None of the whales @reobserved feeding. On 10 Octobieyr bowhead
whales were observed during marginal survey camdit None of the whales were observed
feeding three of the whales were within the 20 m contour, while the fourth whale was
approximately 70 km o$horein water >180 m deep.

Information on wind speeavind direction, &ad other environmental variableseve collected
three times per dapr Barrowfrom the National Weather Service, AtasAviation Weather
Unit web site(http://aawu.arh.noaa.ggyand plotted for several days preceding the BWASP
bowhead whale sightg events irBlock 12(Fig. 14). Winds prior to the20 Septembesighting
event @2 feeding whaless nonfeeding whaleswerevariable but predominantly easterly and
~10 Ks or less for thsix days prior tcand includinglO Septerber. Winds prior to he 1

October sighting evereightnonfeeding whales) wereastnortheasterlyandstrong (1520 kts)
from 26-29 Septemberthen changed to variable and ligki0 ktg from 29 September through
early 1 OctoberWinds wereweak(5-8 kts) andfrom the sout prior to the sighting event on 10
October(four nonfeeding whales) The lack oflargefeeding bowhead whale aggregations
(other than the one group of 22 whalesbhis area on 20 September and 10 October was not
surprising, based on tli@ck of strongeasterlieprior to these dates. However, the lack of
feedingbowhead whalaggregations on 1 Octobees surprising, as wind conditions appeared
to be conducive té@rill aggregation
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Figure X4. -- Wind speeds measured at BarraMaska,prior to 20 September, 1 October it
October2010.

Marine mammabbserversand flight crew watchetbr sudden overt changes (e.an abrupt
dive, course diversion, or cessatiorirofial behaviorobserveglin whale behaviothatmay
indicate a response to the survey aircr&fo bowhead whalewere observed to havesponded
to the aircraft.

Distance from Shore

Distances from shore @10bowhead whaléransecsightings were measured, using ArcGIS,

as the distance due northtbénormalized shoreline. Mean distarafdocations ofall bowhead
whaletransecsightings tahenormalized shoreline iB010was14.2km (SD =8.6) in the East

Region, and 3 km (SD =15.5) in the WesRegion (Table3; Fig. 15). Mean distancef

| ocations of fAmigr at sightiggs(i.eb exaudiagahbsewighéingseof t r an s e
feedng, milling, or resting whalesyas14.5 km (SD = 8.6) in the East Region, &7d6km (SD

=155) in the West Region (Fig6). MannWhitneyU-testof significant difference between

medians indicaténo dfference betweemediandistances of akightingsversusmedian

distances of only thosgghtingsc o ns i der e d thefastyZ =20t100nPg=d.9201) or

West (Z=0.297, P = 0.7665) Regions
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Table8. -- Centraltendency statistics for distanfrem shore (kn) and depth (m) at
bowhead whale transect sightin@eptembeOctober), by year and region, 1982

2010
Distance from shore (Km Depth (n)
Year Region TrSi Median Mean SD Min-Max  Median Mean SD Min-Max
1982* East 29 35.4 352 7.44 2552 42 43 6.29 3557
West 27 40.1 41.4 1547 1484 31 92  207.03 141041
1983  East 14 84.8 83.4 1491 57115 804 916 718.72 651953
West 15 475 56.4 25.14 24122 68 313 597.95 21-2166
1984  East 23 33.3 35.8 22.43 2-98 44 77 104.86 18508
West 36 42 41.4 17.71 873 40 48 3324 13189
1985  East 10 28.1 29.3 14.62 2-56 39 38 7.31 2351
West 7 49.5 51.2 28.07 1386 36 193 34859 16975
1986* East 30 23.4 24.7 15.06 1-55 41 38 18.22 7-92
West 19 34.3 36.8 21.29 4-80 28 78  117.51 10490
1987* East 34 30.5 329 17 6-79 39 53 4572 15223
West 8 28.3 279 155 6-46 26 23 10.04 8-32
1988  East 6 26.2 29.1 20 5-66 49 92  123.39 23343
West 8 57.6 58.5 5.96 50-67 50 50 6.57 41-63
1989* East 6 49.38 58.3 24.72 3191 61 196 21975  47-509
West 17 33 28 15.82 7-64 20 19 8.2 6-34
1990* East 93 31.6 315 12.53 8-78 42 48 33.05 20285
West 6 33.1 36.8 12.66 2560 32 33 1147 2051
1991  East 15 51.3 52.5 20.23 2279 55 122 108.45 35387
West 6 42.3 48.8 19.97 2976 42 97 9429 26230
1992  East 12 36.1 39.2 1194 2460 54 51 6.07 40-59
West 13 57.1 535 14.71 2374 51 54  27.82 14121
1993* East 55 26.1 29 15.79 6-81 41 58 96.59  11-717
West 35 23.9 28.1 1238  11-62 20 23 9.29 11-49
1994*  East 32 27.3 35.1 1857 1274 47 80 175.67 31-1038
West 3 17.9 223 116 14-35 12 22 1674 1241
1995* East 94 27.2 29.8 14.93 3-99 42 52 68.74 15628
West 44 35.9 411 2443  6-108 31 107 259.75 7-1233
1996* East 13 27.9 26.3 10.45 1453 29 38 9.16 1548
West 15 39.9 39 1522 1963 35 37  16.93 1982
1997*  East 35 9.3 13.8 11.33 3-43 22 24 11.97 1150
West 145 23.6 25.6 11.33 1-57 20 25 2142 5189
1998* East 103 20.4 221 12.61 3-68 32 34 12 7-83
West 113 18.5 23.6 17.53  1-120 15 38 170.85 5-1815
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Distance from shar (km) Depth (M)
Year Region TrSi Median Mean SD Min-Max  Median Mean SD Min-Max
1999* East 68 36.4 353 115 1-59 50 51 20.94 8171
West 68 33 36.2 16.21 8-74 31 43 4294  11-210
2000*  East 26 34 39.3 20.86 13100 41 82  122.01 28559
West 19 9.3 16.2 18.23 1-78 11 32 8158  4-367
2001* East 16 315 29.7 1122 1248 46 43 8.73 27-53
West 2 na 419 4231 1272 29 29 2617 1047
2002* East 16 14.8 19 16.62 2-61 29 28 13.13 0-50
West 23 33.9 356 12.31 1057 24 27 1217 1161
2003* East 33 34.7 29.8 19.3 4-65 40 39 16.75  12:92
West 41 30.5 32.4 18.38 7-86 23 58 7428 8291
2004*  East 67 21.5 242 11.63 2-73 39 43  48.36  6-423
West 60 23.1 235 10.4 1-66 20 31 3568 4211
2005* East 19 28.1 26.4 14.15 3-45 42 39 12.39 12-57
West 27 38.3 39.8 20.37 5-74 33 59 7151 10285
2006* East 45 34.3 39.3 22.42 4-92 44 196 44599 8-1868
West 46 39.2 37.2 19.63 3-74 32 40  34.06  7-204
2007* East 49 21.8 23.2 14.43 1-74 34 43 54.2 14-403
West 6 25.7 25.7 64.8 1535 23 23 8.55 12-35
2008*  East 25 21.3 20.5 10.65  6-38 29 27 7.68 12-40
West 37 18.4 22.6 13.92 357 15 17 6.91 333
2009* East 9 6.6 202 211 357 21 30 19.77 1156
West 42 16.9 23.1 17.06 5-87 17 30 4467 9245
2010* East 43 16.2 14.2 8.64 1-29 30 30 11.13 1349
West 25 21.6 283 1551 2-79 20 32 3422 10189

TrSiT number of bowheadhalesightings on transect

SDi standard deviation

* 1 light ice coverage
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Depth at Sighting

Mean depth at sightings afl bowheadvhales ontransect vas30m (SD =11.1, rangel3-49 m)
in the East Region, arB82 m (SD =34.2 rangel0-189m) in the West RegioriT@ble8). Mean
depth of Amigr at itreagsécivias80wnh®Da=d 1. yrarge 40} in tberEast
Region andB3 m (SD =381, rangel4-189 m) in the West RegiorMannWhitneyU-test of
significant differencef medians indicates no difference betwesdiandepths of alkightings

versusmediandepths of only thossightingscons d er ed f mi deast(Z +000680P=i n t he

0.9455 andWest(Z = 0.148 P = 0.8820 Regions

Based on the lack of significant difference bedqwall bowheadvhalesightings in2010and
sightings | imited to t hoosaed dwhtailoensa |c oannsaildyesreesd
whale migratiorcorridor incorporated all sightings and were not limited to only those animals
considered actively fimigratingo

Distribution of Bowhead Whales,201Q Relative toBowhead Whale Distribution in
Previous Yearswith Light Ice Coverage

In order to evaluate vdther significant displacements occurred in the bowhead whale migratory
corridor during201Q estimates of median depth at sighting and distance of sightingstfeom
normalized shoreline were compared wiltadfrom previous years having light ice coverag

(i.e., 1982, 1986, 1987, 1989, 19999320M). Median distace from shore during previous
yearswith light ice coveragdor bowhead whale sightings was km in the East Regioand 5

km in the West Region; the median water depth at sightingd@asn the East Region and.2

m in the West RegionNeither the median depth nor distance from shore analysis were corrected
for effort.

In 201Q bowhead whales in the East Region wagaificantlycloser to shorel.2 km vs. 27.0
km, Z = 6.300, P = 0.0@®) and insignificantlyshallower waterJ0m vs. 40 m Z=4.733, P =
0.000002 than in previous yeassith light ice coverage

In the West Regiorthere was no significant difference in distance feimareof bowhead whale
sightingsbetween 2010220 km) and previougears withlight ice coveragg26.0 km), nor was
there any significant difference in depth at bowhehdlesightings between 2010 (20 m) and
previous yearsvith light ice coveragé21 m).

Other Marine Mammal Observations

There were sightings of 2 gray whales fall 2010(Fig. 17). Both gray whalswere close to
shore, west of Barrow.

There were84 sightings o6 belugas irfall 2010(Fig. 18). Belugas were seen along the slope

in Blocks2, 7 and 11. ighting rate was highest Block 11(0.048belugas on transect per
transect knflown; Table 9). Sighting rate per debnewas highest in the 262,000 m
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Table 9.-- Effort, beluga sightings (number of sightings/number of individuals) and sighting rate
(WPUE = transeatvhales petranseckm surveyed) per Survey Blodgll 2010.

Transect

Survey Effort Transect WPUE
Block Belugas
(km)*
1 1,246 0 0.0000
2 508 3/3 0.0059
3 1,823 0 0.0000
4 458 0 0.0000
5 910 0 0.0000
6 493 0 0.0000
7 335 2/2 0.0060
8 0 n/a n/a
9 0 n/a n/a
10 0 n/a n/a
11 856 22/41 0.0479
12 1,200 0 0.0000
Total 7,836 27/46 0.0059

" Transeceffort (km) differs slightly from values in Table &nd Sbecause effort between barrier islands and the
mainland were nanhcludedin the sighting rate per Survey Block analysis

contour for thecentraleastern subarea of the BWASP region (Table 10); belugas were no
observed in the western subregion. Belugas are usasibigiated with ice (Moore et &000),
howeverall belugas seen i2010were in icefree water Beluga sighting rates were similar to
those observed during BWASP surveys in 2007 and 2008 (Big BEuga sighting rates in
recent years, aside from 2009, have been lower than during historical BWASP survey years,
possibly due to the retreat of the summer sea ice beyond the extent of the study area.

There was one sighting of one walrus on 1 Saptr 2010, at 71.145°N, 152.188°W, swimming
in an area of 20% broken floe ice.

Bearded seal& sightings of7 seals)and unidentified pinniped422sightings of278seals)

were distributed across the Alaskan Beaufort Sea.(Ey21) primarily east ofLl54°W; few
pinnipeds were seen in Block.1Pinnipeds were seen both on the shelf and in deeper areas of
the slope.Unidentified pinnipeds included sightings of small pinnipeds that could not be
identified to species due to thititade of the aircraff> 1,000 feet, and likely included spotted
(Phoca largha and ringedRusa hispidaseals. The distributions of ringed and spotted seals
overlap in the Alasan Beaufort Sea (Boveng et al. 2009, Angliss and AR#0) behaviors

and physical characteriss observable from survey altitude are not distinguishable enough to
allow positive species identificatiod ( Rugh and D. Withrow, NMMAFSC, 7600 Sand Point
Way NE, Seattle, WA 9811pers. commun8 December 2009
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Table 10-- Effort, beluga sighhgs (number of sightings/number of individuals) arghtng
rate(WPUE = transeatvhales petranseckm surveyed) pedepth zongwestern
(west of 154°Wandcentrateasterr{east of 154°WAlaskan Beaufort Seéall

201Q
West of 154°W East of 154°W
Transect Transect Transect Transect
Depth 2ne Effort (km)*  Belugas WPUE Effort (km)* Belugas WPUE
O 20 n 370 0 0.0000 1,358 0 0.0000
21-50 m 236 0 0.0000 2,702 0 0.0000
51-200 m 525 0 0.0000 1,333 3/4 0.0030
201-2000 m 121 0 0.0000 1,085 24/42 0.0387
> 2000 m 0 n/a n/a 211 0 0.0000
Total 1,252 0 0.0000 6,689 27146 0.0069

" Transect effort (km) differslightly from values in Table® and 9 because effort between barrier islandstand t
mainland were included in the sighting rate per depth zone analysis.

There were 1 sightings of 8 polar bearseen or® of 21 flights from 1 September to51
October201Q some of the bears may have been seen repedtadly22). All but two polar
beas were sighted near or on shore betwKeaktovik and Smith Bay Two beas weresighted
approximately380 kilometersnorth ofOliktok in Harrison Bayswimming in an areaf 10%
broken floe ice Multiple bears were seen on Cross Island on several Slagsirs orl3
September]0 bears on 2 Septemberd bears or24 Septenber, and bears or® October. Polar
bears were also sighted near Kaktovik on three occasions: 3 beaBepteber, 5 bears o2
September, and 11 bears on 30 September.

Accomplishments

Results from th010BWASP field season were presented by NMFS personnel at several
venues, including

Ferguson, M., J. Clarke, C. Christman, S. Grassia and A. Brower. 2011. A tale of two seas:
lessos from multi-decadal aerial surveys foetaceans in the Beaufort and Chukchi Seas.
Presentation: Alaska Marine Science Symposium, Anchorage, AlBsR4, January 2011.

Ferguson, M., J. Clarke, C. Christman, S. Grassia and A. Brower. 2011. Aerial surveys for
marine mammals in the BeaufortdaChukchi Seas. Presentation: Arctic Op¢éater
Meeting, Anchorage, Alaska;March 2011; an@011 Alaska Scientific Review Group
Meetings, Seattle, Washington, February 2011.
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Grassia, S., J. Clarke, M. Ferguson, C. Christman and A. Brower. 2011. Distribution, relative
abundance and behaviors of bowhead whales in the Alaskan Beaufort and northeastern
ChukchiSeas Autumn, 20072010. Pster Alaska Marine Science &posium, Anchorage,
Alaska, 1721 January 2011.

BWASP data were incorporated into analygggpublication in refereed journalsmcluding:

Ferguson, M.C.In press. Quantifying spatial characteristics of the Bowhead Whale Aerial
Survey Project (BWASRurvey designJournal of Cetacean Research and Management

Okkonen, S., C. Ashjian, R. Campbell, J. Clarke, S. Moore and K. T&0drl Satellite
observations of circulation features associated with the Barrow area bowhead whale feeding
hotspot. Remote Sensing of Environmdrits: 21682174.

DISCUSSION

Conclusions

Ice conditions ir2010were very lightsimilar to conditions observed in 20008, and®009

with little to no ice inmost of thestudy area during the field seasdenvironmenthconditions

related to large expanses of relatively warm water overlaid by colder air temperatures include
low ceilings, fog,andhigh sea statesThese conditions were often encountered during BWASP
2010, particularly east of 146°W and after 15 Septembreaking itvery difficult to complete
transects in offshore aredirvey effort wasnconsistenthroughout the study arean several
occasions, segmen$ transectsvere started close to shaedwereaborted after only a few
kilometers (e.qg., fligts 7, 8, 9, Appendix C)Thisinconsistent survey effort likely influenced

the central tendency analysiSthe offshore distribution of bowhead whalda 2010 bowhead

whale sightings were significanttJoser toshore and ishallower water inhe Eag Region of

the Alaskan Beaufort Sea compared to previous yeiéindight ice coveragéFig. 23). While

thetrend for more coastal locations of bowhedthles is potentiallyrelated tahigher

concentrations of bowhead whale prey near the coadwed the whalesn the East Region

were observed feedindhis underscores the limits of the current central tendency analysis
which wasnotweighted by survey effartFerguson and Clarken(review) used generalized

additive models (GAMs) to quantify bowhdwhaleencounter rate (number whales/km) as a
function of geographic coordinates to derive statistics for the median depth of the migration. The
median depth statistics from this analysis incorporated number of whales (instead of number of
sightingg and were weighted by survey effort. This methodology will be used in the future to
describe the annual fall bowhead whale migratierivedfrom BWASP surveyata.

Changes to tharcticmarine environmertbserved over the past several decdueseasing

mean annual teperaturesincreasing mean annual wisgeedincreasing storm frequency,
decreasing@nnual ice; Wendler et al., 2008)celerated in the 2000s (Walsh, 2008), perhaps
most noticeably in theecordlow sea ice extent observed2007 (National Snow andice Data
Center2007). The arctic summer and fall seasons are predicted to have continued decreasing
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ice coverage and younger ice, and asged climatic impacts (e.g., Simmonds et al. 2008), and
these changes have likely impacted or will impact most marine mammal species (Kovacs et al.
2011). Comparisons in marine mammal distribution between time periods that span three
decades (1982010)should be interpreted with caution because different ecological mechanisms
could have been acting duritfys time

Bowhead whale depth preference in 2010 based on sighting rates, uncorrected for availability or
perception bias, was for very shallowwater ( O 20 m) in the western su
This preference was also noted in 2009, when hundreds of feeding bowhead whales were seen in
October in this subregion. Far fewer feeding bowhead whales were seen in 2010, but one group

of 21 feedingvhales was enough to influence the depth preference statistic. In the-central

eastern subregion, depth preference was for tHe02h depth zone. Approximatehp% of all

bowhead whales sighted-@ffort were in the 2260 m depth zone, while only 37% toftal

transect effort was in this depth zone, indicating a strong prefererstecifwaters in areas

other than Block 12.

The lack of feeding bowhead whales in Block 12 on 1 October was unexpected based on wind
conditions prior to that date. Howeyeceanographic samples collected during BOWFEST (late
August through migSeptember) indicated that 2010water temperatures were warm, krill
abundances were low, and abundances of chaetognaths, ctenophores, medusae and small
copepods were high (Ashjiaat al. 2011).Although the BOWFEST team hypothesized that krill
advected to the Beaufort Shelf were possibly late in arriving in 2010, it is also possible that krill
densities remained lower than in previous yeatsch would make this area leldeely to attract
large groups of feeding bowhead whales

Distribution of beluga sightings in 2010 was similar to that documented in pre@ats with

light ice coveraggFig. 24). Beluga depth preference in the eastern and central Alaskan Beaufort
Sea, basedn sighting rates uncorrected for availability or perception bias, was for slope and
basin waters (> 200 m), which is consistent with what Moore et al. (2000) found for beluga data
collected in the 1980s.

Management Use of Realime Field Information

The BOEMREIissues various permits to industry for gas and oil exploration, including vessel
geophysical permits for ewater exploration using an array of desgsmic airguns; vessel
geologicalgeophysical permits for shallegeismic exploration using arrgiin; onice
geophysical permits using VIBROSEIS technology; both vessel aimkageological permits

for obtaining core samples; and permits to drill for gas andAdihough there was no offshore
oil and gas activity in the Alaskan Beaufort Sea inQ@&WASP aerial survey data were made
available to representatives of oil companies, thehi\Slope BoroughDepartment of Wildlife
Managementandthe general publion a near reaime basis to encourage data transfer and
enhance managemenéa a web si& maintained by NMML,
(http://www.afsc.noaa.gov/nmml/cetacean/bwasp/indejy.php
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Management U& of Interannual Monitoring

The BOEMRE bowhead whale monitoring study began in 1979 and has continued every year up
to the present. While some aspects of this study have been updated, the data recorded have
remained remarkably consistent (especially @@t 19822010), thus permitting many direct
comparisons across years. Such continuous;tienmg, broadscale aerial monitoring of a large

whale migration is indeed unique. In addition to the accomplishments specifically mentioned in
the results, thBWASP historical dataset has been used by industry, government and academic
entities (e.g., Manly et al. 2007, Schick and Urban 2@@ens et al. 2010
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FigureA-1. -- Ice concentrations in the Alaskan Beaufort S&&eptembel01Q



Figure A-2. -- Ice concentrations in the Alaskan Beaufort S85eptembe010
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	This report describes field activities and data analyses for aerial surveys of bowhead whales (Balaena mysticetus) conducted during fall 2010 (1 September – 15 October) in the Beaufort Sea, between 140°W and 157°W, south of 72N. 
	 
	During September and October 2010, ice cover was extremely light.  The study area was completely ice-free east of 147°W; ice coverage was limited to the western-central nearshore region of the study area. By the middle of September, broken floe ice remained in and north of Harrison Bay only.  Freeze-up began in the nearshore areas (between barrier islands and shore, and in shallow areas seaward of the barrier islands) by early October, and most of the study area had 10-20% new ice by mid-October when the fi
	 
	A total of 21 survey flights were conducted.  There were 126 sightings of 178 bowhead whales observed during all (transect, search and circling) survey effort.  Additionally, 2 gray whales (Eschrichtius robustus), 56 belugas (Delphinapterus leucas), 1 walrus (Odobenus rosmarus), 7 bearded seals (Erignathus barbatus), 278 unidentified pinnipeds, and 53 polar bears (Ursus maritimus) were observed during all survey effort.  Total flight time was 96 hours, which included 39 hours of transect survey effort.   
	 
	Sighting rates (number of whales per km surveyed) of bowhead whales on transect per survey block were highest in nearshore survey blocks in the eastern part of the study area (between 140°W and 143°W) and north of Deadhorse (146°W to 150°W), and the survey block northeast of Pt. Barrow (154°W to 157°W).  Sighting rates of belugas on transect per survey block were highest in an offshore survey block north of Harrison Bay (150°W to 154°W).  Sighting rate  per depth zone for bowhead whales on transect was high
	 
	Median distance from on transect bowhead whale sightings to a normalized shoreline was 16.2 km (ranged from 1 to 29 km) in the East Region (140°-148°W), and 21.6 km (ranged from 2 to 79 km) in the West Region (148°-156°W).  Median depth at on-transect sightings was 30 m (ranged from 13 to 49 m) in the East Region, and 20 m (ranged from 10 to 189 m) in the West Region.  Compared to previous years with light ice coverage (i.e., 1982, 1986, 1987, 1989, 1990, 1993-2009), sightings were significantly closer to s
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	INTRODUCTION 
	 
	 
	In 1953, the Outer Continental Shelf Lands Act (OCSLA) (43 USC 1331-1356) charged the  
	U.S. Secretary of the Interior with the responsibility for administering minerals exploration and development of the Outer Continental Shelf (OCS).  The Act empowered the Secretary to formulate regulations so that its provisions might be met.  The OCSLA Amendments of 1978 (43 USC 1802) established a policy for the management of oil and natural gas in the OCS and for protection of the marine and coastal environments.  The amended OCSLA states that the Secretary of the Interior shall conduct studies in areas 
	 
	Subsequent to the passage of the OCSLA, the Secretary of the Interior designated the Bureau of Land Management (BLM) as the administrative agency responsible for leasing submerged federal lands, and the Conservation Division of the U.S. Geological Survey for classification and evaluation of submerged federal lands and regulation of exploration and production.  In 1982, the U.S. Minerals Management Service (MMS) assumed these responsibilities. 
	 
	To provide information used in environmental impact statements and environmental assessments under the National Environmental Policy Act (NEPA) of 1969 (42 USC 4321-4347), and to assure protection of marine mammals under the Marine Mammal Protection Act (MMPA) of 1972 (16 USC 1361-1407) and the Endangered Species Act (ESA) of 1973 (16 USC 1531-1543), the BLM (and, later, MMS) funded numerous studies involving acquisition and analysis of marine mammal and other environmental data. 
	 
	In June 1978, the BLM entered into an Endangered Species Act Section 7 consultation with the National Marine Fisheries Service (NMFS).  The purpose of the consultation was to determine the likely effects of the proposed Beaufort Sea Oil and Gas Lease Sale on endangered bowhead (Balaena mysticetus) and gray whales (Eschrichtius robustus).  NMFS determined that insufficient information existed to conclude whether the proposed Beaufort Sea sale was or was not likely to jeopardize the continued existence of bow
	 
	Following several years when drilling was limited to the period 1 November through 31 March (USDOI, MMS 1979), variable 2-month seasonal-drilling restrictions on fall exploratory activity 
	in the joint Federal/State Beaufort Sea sale area were implemented.  The MMS (Alaska OCS Region) adopted an endangered whale monitoring plan that required aerial surveys.  The Diapir Field Sale 87 Notice of Sale (1984) states that “Bowhead whales will be monitored by the Government, the lessee, or both to determine their locations relative to operational sites as they migrate through or adjacent to the sale area” (USDOI, MMS 1984).  Subsequent lease sales in the Beaufort Sea (Sales 97, 124, 144, 170, 186, 1
	 
	From 1979 to 1987, the MMS (formerly BLM) funded annual monitoring of endangered whales in arctic waters under Interagency Agreements with the Naval Ocean Systems Center and through subcontracts to SEACO, Inc. (Ljungblad et al. 1987).  The MMS used agency personnel to perform fieldwork and reporting activities for the Beaufort Sea on an annual basis from 1987 to 2006 (Treacy 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 2000, 2002a, 2002b, Monnett and Treacy 2005, and USDOI, MMS 2008).  
	 
	The goals of the ongoing project are to 
	 
	1) Define the annual fall migration of bowhead whales, significant inter-year differences, and  
	     long-term trends in the distance from shore and water depth at which whales migrate. 
	 
	2) Monitor temporal and spatial trends in the distribution, relative abundance, habitat, and  
	     behaviors (especially feeding) of endangered whales in arctic waters. 
	 
	3) Provide real-time data to MMS [now BOEMRE] and NMFS on the general progress of the fall  
	 migration of bowhead whales across the Alaskan Beaufort Sea, for use in protection of this 
	 endangered species. 
	 
	4) Provide an objective, wide area context for management interpretation of the overall fall  
	    migration of bowhead whales and site-specific study results. 
	 
	5) Record and map beluga distribution and incidental sightings of other marine mammals. 
	 
	6) Determine seasonal distribution of endangered whales in planning areas of interest to MMS 
	    [now BOEMRE]. 
	 
	METHODS AND MATERIALS 
	 
	 
	Study Area 
	 
	The aerial survey program was based on a design of north/south transects distributed randomly within established geographic blocks overlapping or near Beaufort Sea sale areas offshore of Alaska, an area commonly referred to as the North Slope.  The present study included Beaufort Sea Survey Blocks 1 through 12 (Fig. 1) between 140°W and 157°W, south of 72°N, and north of the shoreline of Alaska.  The study area encompasses approximately  
	107,500 km2. 
	 
	A large-scale Beaufort Gyre moves waters clockwise from the Canadian Basin westward in the deeper offshore regions. Seaward of the gyre is the eastward-flowing Beaufort Undercurrent, which flows subsurface in areas where bathymetry is 51 to 2,000 m (Aagaard 1984).   In the nearshore shallow waters of the Beaufort inner shelf (≤ 50 m depth), currents tend to follow local wind patterns.  In winter, currents are not substantial even when winds are strong.  In summer, currents are much stronger and may flow eit
	 
	In the Beaufort Sea, landfast ice forms during the fall and may eventually extend up to 50 km offshore by the end of winter (Norton and Weller 1984).  The pack ice, which includes multiyear ice averaging 4 m in thickness, with pressure ridges up to 50 m thick (Norton and Weller 1984), becomes contiguous with the new and shorefast ice in late fall, effectively closing off the migration corridor to westbound bowhead whales.  From early November to mid-May, the Beaufort Sea normally remains almost completely c
	 
	Local weather patterns affect the frequency and effectiveness of all marine aerial surveys.  The study area is in the arctic climate zone, with mean temperatures at Alaskan Beaufort Sea coastal locations ranging from -0.9°C to -0.1°C during September and from -9.7°C to -8.5°C during October (Brower et al. 1988).  Mean temperatures measured at Barrow since 1972 have increased by 2.9°C (5.2°F), likely due to circulation changes (increased warm air advection from southern latitudes) or increased infrared back-
	 
	Figure
	 
	Figure 1. -- Study area showing Survey Blocks.
	is from 5 to 6 m/s during September and 5 to 7 m/s during October (Brower et al. 1988).  Wind speeds in September and October are generally higher than during other times of the year, perhaps because the open water and cooling land mass increase thermal instability (Wendler et al. 2009).  Wind direction is predominantly easterly, which also drives the Beaufort Gyre, but winds occasionally reverse and shift to being westerly.  The occurrence of storms during which at least one hourly reading of wind speed wa
	 
	Sea state also affects visibility during aerial surveys.  Surface waters in the Beaufort Sea are driven primarily by wind.  Ocean waves are generally from northerly or easterly directions during September and October.  Prior to 1997, significant wave heights were reduced by a factor of 4 from heights that would otherwise be expected during the open-water season because pack ice limited fetch.  Since 1997, large expanses of open water have been present during some or all of the survey.  Corresponding wave he
	 
	 
	Equipment 
	 
	Most BWASP surveys in 2010 were flown in a de Havilland Twin Otter Series 300 equipped for arctic operation and aerial surveys of whales, provided by the U.S. Department of Commerce, National Oceanic and Atmospheric Administration, Aircraft Operations Center (AOC).  Administrative support, NOAA Corp pilots, and an on-site mechanic were also provided by AOC.  Additional surveys in the BWASP study area were flown in an Aero Commander 690A, provided by Northern Commanders and Clearwater Air, Inc., which was ba
	 
	A laptop computing system was used aboard the aircraft to store and analyze flight and observational data.  The computer system was connected to a Garmin Global Positioning System (GPS) with an external antenna, independent of the aircraft GPS.  Latitude, longitude, and flight altitude from the GPS were transmitted to the computer through a standard serial connection.  Data were backed up to an onboard external hard drive.  A custom mapping program permitted the data recorder to view the aircraft‟s tracklin
	 
	Onboard safety equipment included an impact-triggered emergency locator transmitter installed in the aircraft, an 8-person search and rescue life raft equipped with an emergency survival kit, a portable personal locator beacon, portable marine band and aircraft-band transceivers, and 
	orange immersion suits.  All personnel underwent regular aircraft egress, wilderness first aid, and other safety training as required by AOC and NMML.  Observers and pilots wore orange Mustang Constant Wear Aviation Dry Suit System MSF300 and Switlik personal flotation vests outfitted with personal locator beacons and other safety gear. 
	 
	The U.S. Department of the Interior, National Business Center, Aviation Management Division “Automated Flight Following” (AFF) system was used by Anchorage-based Aviation Management Division personnel for “satellite-tracking” the project aircraft over the Alaskan Beaufort Sea.  Aviation Management obtained current flight information in the form of maps for real-time visual tracking of the survey aircraft.  An Iridium satellite phone was used to communicate aircraft position to Aviation Management each hour.
	 
	Methodologies, equipment and standard procedures have been developed and refined over the duration of the BWASP project (1979-2010).  Additional details of onboard equipment, data collection, and post-field analyses are described in detail elsewhere (e.g. Monnett and Treacy 2005; USDOI, MMS 2008; Clarke et al. 2011c).   
	 
	 
	Aerial Survey Design 
	 
	Aerial surveys were primarily based out of Deadhorse, Alaska, from 1 September through 15 October 2010; the Aero Commander was based out of Barrow, Alaska, during the same time period.  The field schedule was designed to monitor the progress of the fall bowhead whale migration across the Alaskan Beaufort Sea.  Sightings of all marine mammals observed were recorded. 
	 
	Daily flight patterns were based on sets of unique transect grids, computer-generated for each Survey Block or set of two Survey Blocks (for blocks oriented together on a north-south axis).  Transect grids were derived by dividing each Survey Block into sections 30 minutes of longitude across.  One of the minute marks along the northern edge of each section was selected at random and then connected by a straight line to a similarly selected endpoint along the southern edge of the same section.  This procedu
	 
	The selection of Survey Blocks to be flown on a given day was nonrandom, based on reported or observed weather conditions over the study area and avoidance of recently surveyed areas.  Weather permitting, the project attempted to distribute effort fairly evenly across the entire study area.  A semimonthly flight-hour goal for each Survey Block was allocated proportionately for Survey Blocks east of 154°W.  This was based on relative abundance of bowhead whales as determined from earlier fall migrations (197
	corridor, thus increasing the power of statistical analysis within these inshore blocks.  Only data from transect legs were used to analyze the migration axis. 
	 
	Survey Flight Procedures 
	 
	During a typical flight, a search leg was flown to the target Survey Block, whereby a series of transect legs were flown, followed by a search leg back to Deadhorse.  Transects were joined together by short search legs.  Circling was initiated to further investigate cetacean sightings, as described below.  Surveys generally were flown at a target altitude of 458 m, but could be flown as low as 305 m.  Weather permitting, the higher altitude was maintained to maximize visibility and minimize potential distur
	 
	Primary observers were stationed on either side of the aircraft at bubble windows that permitted an unobstructed field of vision from the trackline directly below the aircraft to the horizon.  The data recorder was primarily responsible for data entry but also functioned as a secondary observer.  A clinometer was used to measure the angle of inclination to each sighting when the initial sighting location was abeam of the aircraft.  Only sightings from primary observers were recorded as on transect; sighting
	 
	When cetaceans were encountered while surveying a transect line, the aircraft sometimes diverted from transect for brief (< 10 minute) periods and circled the whales to verify species, observe behavior, obtain better estimates of group size, and determine whether calves were present.  Any new sightings of whales made while circling were recorded as on circling rather than as on transect.  Sightings made off transect and not while circling were recorded as on search. 
	 
	Survey effort over land or in areas where visibility was zero was designated deadhead and not incorporated into further analyses. 
	 
	 
	Data Entry 
	 
	Customized, menu-driven data entry software was used to record all data in database format (MS-Access).  Location data (date, time, latitude, longitude, altitude, and aircraft heading) and environmental conditions (sky conditions, visual impediments, visibility left and right, percent ice coverage, ice type, and wind force) were recorded at sightings, turning points, when environmental conditions changed, or otherwise at intervals of 5 minutes (in time).  A complete data sequence was recorded for cetacean s
	aircraft.  Reduced data sequences were used when recording other marine mammals.  Position data only (date, time, latitude, longitude, and altitude) were automatically recorded every 30 seconds (in time) to provide a more complete record of the flight track.   
	 
	The behavior, swim speed, and swim direction of observed whales represent what the pod as a whole was doing at the time it was first sighted.  Behaviors were entered into 1 of 15 categories as noted during previous surveys (Table 1).  The default behavior was “swimming”, entered whenever an alternate behavior was not observed.  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 per minute corresponded to an e
	 
	Wind force was recorded according to the Beaufort scale outlined in Piloting, Seamanship, and Small Boat Handling (Chapman 1971).  Ice type was identified using terminology presented in Naval Hydrographic Office Publication Number 609 (USDOD, Navy 1956).  Average ice cover within the field of view from the aircraft was estimated as a single percentage, regardless of ice type. 
	 
	 
	General Data Analyses 
	 
	Preliminary field data analysis was performed by a computer program that provided daily summations of marine mammals observed, plus calculation of time and distance on transect, search, circling, and deadhead portions of the flight.  The program provided options for editing the data file, calculating summary statistics on sightings and effort, and plotting the paths of one or more flights by Beaufort wind force. 
	 
	The water depth at each bowhead whale sighting in the 1982-2010 database was derived from the International Bathymetric Chart of the Arctic Ocean (IBCAO; http://www.ngdc.noaa.gov/mgg/bathymetry/arctic/arctic.html), which had a spatial resolution of 2 km squared; the spatial resolution after geoprocessing was 2.037 km squared.  
	 
	Maps were prepared with application software (ArcGIS) based on Universal Transverse Mercator Zone 6 (central meridian = 147°W, reference lat. = 0.00000, false easting = 500000.00000, false northing = 0.00000, spheroid = GRS 80, scale factor = 0.99960).  The natural coastline was adopted from the State of Alaska, Department of Natural Resources. 
	 
	Environmental information, including wind speed and direction, ceiling, visibility, temperature, dew point, ice cover, and sea surface temperature was collected from numerous National Weather Service web sites and several other weather and climate-related web pages for the duration of the field season.  Data were collected and stored electronically for both specific 
	 
	Table 1. -- Operational definitions of observed whale behaviors. 
	 
	Behavior 
	Behavior 
	Behavior 
	Behavior 

	Definition 
	Definition 

	Span

	Breaching 
	Breaching 
	Breaching 

	Whale(s) launching upwards such that half to nearly all of the body is above the surface before falling back into the water, usually on its side, creating an obvious splash. 
	Whale(s) launching upwards such that half to nearly all of the body is above the surface before falling back into the water, usually on its side, creating an obvious splash. 
	 

	Span

	Cow-Calf 
	Cow-Calf 
	Cow-Calf 

	Calf nursing; cow-calf pairs swimming within 20 m of each other. 
	Calf nursing; cow-calf pairs swimming within 20 m of each other. 
	 


	Diving 
	Diving 
	Diving 

	Whale(s) changing swim direction or body orientation relative to the water surface, resulting in submergence; may or may not include lifting the tail out of the water. 
	Whale(s) changing swim direction or body orientation relative to the water surface, resulting in submergence; may or may not include lifting the tail out of the water. 
	 


	Feeding 
	Feeding 
	Feeding 

	Whale(s) diving repeatedly in a fixed area, sometimes with mud streaming from the mouth and/or defecation observed upon surfacing.  Feeding behavior is further defined as synchronous diving and surfacing or echelon-formations at the surface with swaths of clearer water behind the whale(s), or as surface swimming with mouth agape. 
	Whale(s) diving repeatedly in a fixed area, sometimes with mud streaming from the mouth and/or defecation observed upon surfacing.  Feeding behavior is further defined as synchronous diving and surfacing or echelon-formations at the surface with swaths of clearer water behind the whale(s), or as surface swimming with mouth agape. 
	 


	Flipper-Slapping 
	Flipper-Slapping 
	Flipper-Slapping 

	Whale(s) floating on side, striking the water surface with pectoral flipper one or many times; usually seen within groups or when the slapping whale is touching another whale. 
	Whale(s) floating on side, striking the water surface with pectoral flipper one or many times; usually seen within groups or when the slapping whale is touching another whale. 
	 


	Log-Playing 
	Log-Playing 
	Log-Playing 

	Whale(s) milling or thrashing in association with a floating log. 
	Whale(s) milling or thrashing in association with a floating log. 
	 


	Mating 
	Mating 
	Mating 

	Ventral-ventral orientation of two whales, often with one or more other whales present to stabilize the mating pair.  Mating is often seen within a group of milling whales.  Pairs may appear to hold each other with their pectoral flippers and may entwine their tails. 
	Ventral-ventral orientation of two whales, often with one or more other whales present to stabilize the mating pair.  Mating is often seen within a group of milling whales.  Pairs may appear to hold each other with their pectoral flippers and may entwine their tails. 
	 


	Milling 
	Milling 
	Milling 

	Whales moving slowly at the surface in close proximity (within 100 m) to other whales, often with varying headings.  Also one whale slowly changing its heading. 
	Whales moving slowly at the surface in close proximity (within 100 m) to other whales, often with varying headings.  Also one whale slowly changing its heading. 
	 


	Resting 
	Resting 
	Resting 

	Whale(s) floating at the surface with head, or head and back exposed, showing no movement; more commonly observed in heavy-ice conditions than in open water. 
	Whale(s) floating at the surface with head, or head and back exposed, showing no movement; more commonly observed in heavy-ice conditions than in open water. 
	 


	Rolling 
	Rolling 
	Rolling 

	Whale(s) rotating on the longitudinal axis, sometimes associated with mating. 
	Whale(s) rotating on the longitudinal axis, sometimes associated with mating. 



	Table
	TR
	 
	 


	Spy-Hopping 
	Spy-Hopping 
	Spy-Hopping 

	Whale(s) extending head vertically out of the water such that up to one-third of the body, including the eye, is above the surface. 
	Whale(s) extending head vertically out of the water such that up to one-third of the body, including the eye, is above the surface. 
	 


	Swimming 
	Swimming 
	Swimming 

	Whale(s) proceeding forward through the water propelled by tail. 
	Whale(s) proceeding forward through the water propelled by tail. 
	 


	Tail-Slapping 
	Tail-Slapping 
	Tail-Slapping 

	Whale(s) floating horizontally or head-downward in the water, waving tail back and forth above the water and striking the water surface; usually seen in group situations. 
	Whale(s) floating horizontally or head-downward in the water, waving tail back and forth above the water and striking the water surface; usually seen in group situations. 
	 


	Thrashing 
	Thrashing 
	Thrashing 

	Whale(s) exhibiting rapid flexure or gyration in the water. 
	Whale(s) exhibiting rapid flexure or gyration in the water. 


	Underwater-Blowing 
	Underwater-Blowing 
	Underwater-Blowing 

	Whale(s) exhaling while submerged, thus creating a visible bubble. 
	Whale(s) exhaling while submerged, thus creating a visible bubble. 

	Span


	 
	 
	locations (e.g., Deadhorse, Barter Island, Kuparak, Alpine, and the weather station at West Dock) and for the Beaufort Sea region.  
	 
	Sea ice information was obtained from the National Weather Service Forecast Desk, Anchorage, Alaska (http://pafc.arh.noaa.gov/ice.php).  Sea ice analyses were produced three days per week, and provide information on ice concentration (in tenths), age and thickness. 
	 
	Survey effort and observed bowhead whale distribution were plotted semimonthly over the Beaufort Sea study area.  Fall sightings of belugas, as well as incidental sightings of other marine mammals, were depicted on separate maps.  Common and scientific names used for marine mammals in this report are taken from Rice (1998). 
	 
	Whale sightings were shown on distribution maps regardless of the type of survey leg (transect, search, or circling) being conducted or the prevailing environmental conditions (sea state, ice cover, etc.) when the sightings were made.  As with previous reports in this series (e.g., Monnett and Treacy 2005; USDOI, MMS 2008; Clarke et al. 2011a, 2011b), same-day repeat sightings or sightings of dead marine mammals were not included in summary analyses or maps.  Where tables and figures exclude certain data, s
	 
	 
	Analysis of the Bowhead Whale Migration Corridor 
	 
	The bowhead whale migration corridor was examined using the mean and median distance from shore of, and the median depth at, whales sighted on transects (Houghton et al. 1984).  Treacy (1998) found that median and mean bowhead whale distance from shore values were only slightly different.  Therefore, annual mean distance from shore was plotted in relation to the cumulative mean distance from shore for previous years starting in 1982, as described in greater detail below.  Further comparisons of various subs
	 
	All bowhead whale sightings made while on transect, regardless of distance from the transect line, were included in this analysis.  Distance from shore and water depth at bowhead whale 
	sightings were analyzed for two regions (Fig. 2), the boundaries of which correspond roughly to oceanographic patterns and the offshore extent of sampling, described in more detail below.  Selected isobaths (10 m, 20 m, 30 m, 40 m, 50 m, 60 m, 100 m, 500 m, 1,000 m, 1,500 m,  
	2,000 m, 2,500 m, 3,000 m, and 3,500 m), derived from IBCAO data, were also included in Figure 2 for visual reference. 
	 
	Oceanographic patterns common to waters off northern Alaska are reviewed in Moore and DeMaster (1997).  In brief, cold saline Bering Sea Water and warm fresh Alaskan Coastal Water enter the Alaskan Beaufort Sea through Barrow Canyon.  Both water masses are identifiable on the outer shelf (seaward of 50 m) as the eastward flowing Beaufort Undercurrent (Aagaard 1984).  Bering Sea Water has been traced at least as far east as Barter Island (~143°W), but the Alaskan Coastal Water mixes with ambient surface wate
	 
	The northern extent of each region is based upon survey effort.  The East Region extends from 140°W to 148°W and northward from the shore to 71°10' N, except between 146°W and 148°W where the region extends to 71°20' N.  The northern boundary for this region corresponds with boundaries of Survey Blocks 2, 6, and 7 (Fig. 1), blocks with sufficient survey effort to support analyses (Treacy 1998).  The West Region extends from 148°W to 156°W and northward from shore to 72°N, except between 148°W and 150°W wher
	 
	The shoreline used for the distance from shore analysis was „normalized‟ from the actual Beaufort Sea shoreline to provide a standardization of distance-from-shore measures regardless of the mapping software being used to depict the distribution data.  The „normalized‟ shoreline was defined by straight-line connections between 11 points at specific shoreline or barrier island locations across Alaska‟s North Slope between 156°W and 140°W (Fig. 2).  The points used to „normalize‟ the shoreline are as follows:
	 
	71.317°N, 156.000°W 
	70.883°N, 153.900°W 
	70.917°N, 153.115°W 
	70.817°N, 152.200°W 
	70.430°N, 151.000°W 
	70.550°N, 150.167°W 
	70.450°N, 147.950°W 
	69.967°N, 144.700°W 
	70.150°N, 143.250°W 
	69.650°N, 141.000°W 
	69.617°N, 140.000°W 
	 
	 
	InlineShape

	 
	 
	Figure 2. -- East and West Regions showing the normalized shoreline and selected IBCAO isobaths. 
	 
	Two data subsets from BWASP 2010 were analyzed and are described below:   
	 
	 All bowhead whale sightings on transect, regardless of behavior recorded.  The analysis of this subset assumed that all bowhead whales in the Alaskan Beaufort Sea were migrating from the Canadian Beaufort Sea, where most bowhead whales are assumed to spend summer months, through the Alaskan Beaufort Sea enroute to wintering areas in the Bering Sea.  Under this assumption, any feeding, milling, or resting behavior observed was considered temporary, and all whales were considered “migratory”.  
	 All bowhead whale sightings on transect, regardless of behavior recorded.  The analysis of this subset assumed that all bowhead whales in the Alaskan Beaufort Sea were migrating from the Canadian Beaufort Sea, where most bowhead whales are assumed to spend summer months, through the Alaskan Beaufort Sea enroute to wintering areas in the Bering Sea.  Under this assumption, any feeding, milling, or resting behavior observed was considered temporary, and all whales were considered “migratory”.  
	 All bowhead whale sightings on transect, regardless of behavior recorded.  The analysis of this subset assumed that all bowhead whales in the Alaskan Beaufort Sea were migrating from the Canadian Beaufort Sea, where most bowhead whales are assumed to spend summer months, through the Alaskan Beaufort Sea enroute to wintering areas in the Bering Sea.  Under this assumption, any feeding, milling, or resting behavior observed was considered temporary, and all whales were considered “migratory”.  


	 
	 All bowhead whale sightings on transect, excluding whales that were observed feeding, milling, or resting.  These behaviors might be considered “non-migratory” and may influence, at least temporarily, the migratory path.   
	 All bowhead whale sightings on transect, excluding whales that were observed feeding, milling, or resting.  These behaviors might be considered “non-migratory” and may influence, at least temporarily, the migratory path.   
	 All bowhead whale sightings on transect, excluding whales that were observed feeding, milling, or resting.  These behaviors might be considered “non-migratory” and may influence, at least temporarily, the migratory path.   


	 
	One caveat to this analysis is that analyzing the bowhead whale migration corridor based on number of sightings only may be biased because survey effort was often variable both within and across years and because sightings of a single animal were weighted equally to sightings of several animals.  Therefore, there may be more sightings in areas with greater transect effort and fewer sightings in areas with less transect effort, even if the population density in the two areas is the same.  
	 
	 
	Sighting Rate and Relative Occurrence Analyses 
	 
	Sighting rates quantify relative occurrence while accounting for heterogeneity in survey effort across the study area.  Sighting rates were derived for three different spatial scales.  Estimated total effort (transect, search, and circling combined, in kilometers) and transect effort only (in kilometers) per Survey Block were calculated to determine annual sighting rates (number of whales per unit effort, WPUE) for bowhead whales and belugas.  Although Survey Blocks are arbitrary geographic areas, they prov
	 
	 
	RESULTS 
	 
	 
	Environmental Conditions 
	 
	Sea ice coverage in the Alaskan Beaufort Sea was light during the BWASP 2010 survey period.  Sea ice extent receded to the third lowest level since satellite measurements began in 1979 (National Snow and Ice Data Center 2010).  The BWASP study area was completely ice-free east of 147°W during all of September (Fig. A-1 to A-4).  West of 147°W, 20-80% broken floe ice persisted between shore and ~71.5°N (Fig. A-1) in early September.  By the middle of September, broken floe ice remained in and north of Harris
	 
	 
	Survey Effort 
	 
	The fall field season was from 1 September to 15 October 2010 (Table 2).  There were 21 flights, of which 14 were in September and 7 were in October.  Two flights (229 and 235) were partitioned between the BWASP and adjacent COMIDA study areas; only survey effort east of 157°W was included here.  Over 20,000 km were flown during 96 hours; 35% of total survey effort was on deadhead (non-usable survey time).  The average survey flight was 983 km, ranging from 536 to 1,972 km.  A total of 7,929 km of transect 
	 
	Table 2. -- Aerial survey effort in the Beaufort Sea, 1 September-15 October 2010, by survey  
	       flight.  Semimonthly totals may not exactly match the sum for the time period due to  
	       rounding error.  
	 
	 
	1 Sep 
	1 Sep 
	1 
	19 
	0 
	105 
	470 
	594 
	0.1 
	2.3 
	8 Sep 
	2 
	609 
	41 
	141 
	301 
	1,092 
	3.1 
	4.9 
	12 Sep 
	3 
	383 
	75 
	283 
	327 
	1,068 
	1.9 
	4.8 
	12 Sep 
	229 
	446 
	44 
	156 
	436 
	1,082 
	2.3 
	4.8 
	13 Sep 
	4 
	514 
	50 
	140 
	Span
	277 
	981 
	2.5 
	4.8 
	15 Sep 
	5 
	486 
	15 
	276 
	213 
	990 
	2.4 
	4.7 
	17 Sep 
	6 
	120 
	59 
	311 
	235 
	724 
	0.6 
	3.2 
	20 Sep 
	7 
	106 
	0 
	174 
	257 
	536 
	0.5 
	2.4 
	20 Sep 
	235 
	246 
	60 
	161 
	228 
	695 
	1.2 
	3.3 
	21 Sep 
	8 
	266 
	55 
	312 
	447 
	1,080 
	1.3 
	4.9 
	22 Sep 
	9 
	91 
	99 
	203 
	429 
	822 
	0.4 
	3.7 
	24 Sep 
	10 
	899 
	83 
	432 
	558 
	1,972 
	4.4 
	10.0 
	29 Sep 
	11 
	0 
	0 
	135 
	488 
	623 
	0.0 
	2.5 
	30 Sep 
	12 
	375 
	27 
	218 
	394 
	1,014 
	1.8 
	4.4 
	1 Oct 
	13 
	509 
	0 
	348 
	441 
	1,298 
	2.5 
	7.0 
	7 Oct 
	14 
	365 
	12 
	228 
	224 
	830 
	1.8 
	3.8 
	8 Oct 
	15 
	335 
	27 
	367 
	265 
	994 
	1.7 
	4.4 
	9 Oct 
	16 
	589 
	10 
	186 
	76 
	861 
	2.8 
	4.2 
	10 Oct 
	17 
	499 
	0 
	205 
	227 
	931 
	2.5 
	4.3 
	11 Oct 
	18 
	1,072 
	0 
	342 
	386 
	1,801 
	5.1 
	8.9 
	15 Oct 
	19 
	0 
	0 
	13 
	643 
	656 
	0.0 
	2.5 
	1-15 Sep 
	2,457 
	225 
	1,101 
	2,024 
	5,807 
	12.2 
	26.2 
	16-30 Sep 
	2,103 
	383 
	1,946 
	3,036 
	7,466 
	10.3 
	34.5 
	1-15 Oct 
	3,369 
	49 
	1,689 
	2,262 
	7,371 
	16.3 
	34.9 
	Total 
	7,929 
	657 
	4,736 
	7,322 
	20,644 
	38.8 
	95.6 
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	Figure
	 
	Figure 3. -- Combined flight tracks, all effort, fall 2010. 
	 
	 
	Figure
	 
	 
	Figure 4. -- Combined flight tracks, all effort, 1-15 September 2010. 
	 
	Figure
	Figure 5. -- Combined flight tracks, all effort, 16-30 September 2010. 
	 
	 
	Figure
	 
	Figure 6. -- Combined flight tracks, all effort, 1-15 October 2010. 
	Bowhead Whale Observations 
	 
	Sighting Summary  
	 
	During fall 2010 surveys, 126 sightings of 178 bowhead whales were observed during all survey effort in the study area (Table 3).  Bowhead whales were distributed throughout the nearshore regions of the survey area (Fig. 7).  Bowhead whales were not seen in offshore Blocks 2, 6, 7, and 11, despite surveys conducted there in good weather, although one unidentified cetacean that was a probable bowhead whale was seen in Block 11 on 7 October (Appendix C).  The greatest number of whales was seen in Block 5.  Un
	 
	Sighting Rates 
	 
	In fall 2010, bowhead whales were seen from Point Barrow to Canada.  Areas of highest fine-scale sighting rates (number of transect sightings/transect km surveyed in 5 km grid cells) were between Demarcation Point and Kaktovik (in Block 5), Camden Bay (in Block 4), the central Alaskan Beaufort Sea (in Block 1), and between Smith Bay and Pt. Barrow (in Block 12) (Fig. 11).  There were 68 bowhead whale sightings on transect, ranging from 1 whale per sighting (n = 57) to 21 whales per sighting.  The highest nu
	 
	Similar to the fine-scale sighting rate analysis, the highest sighting rates per Survey Block were in Block 5 (0.035 bowhead whales on transect/transect km flown), Block 12 (0.028 bowhead whales on transect/transect km flown) and Block 1 (0.024 bowhead whales on transect/transect km flown) (Table 4).  Sighting rates using all bowhead whale sightings per Survey Block were similar to sighting rates using bowhead whales seen on transect only.  Survey Block sighting rate analyses for previous years with light i
	 
	Sighting rate for bowhead whales in the central-eastern (140°-154°W) Alaskan Beaufort Sea subarea was highest in the 21-50 m depth zone (Table 5).  Sighting rate for bowhead whales in the western (154°-157°W) Alaskan Beaufort Sea subarea was highest in the ≤ 20 m depth zone.   
	Table 3. -- Summary of marine mammal sightings (number of sightings/number of individuals) during all effort, 1 September-15 
	                  October 2010, by survey flight..   
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	Figure 7. -- Bowhead whale sightings, all effort, fall 2010. 
	 
	 
	Figure
	 
	 
	Figure 8. -- Bowhead whale sightings, all effort, 1-15 September 2010. 
	 
	 
	 
	 
	Figure
	 
	Figure 9. -- Bowhead whale sightings, all effort, 16-30 September 2010. 
	 
	 
	Figure
	 
	 
	Figure 10. -- Bowhead whale sightings, all effort, 1-15 October 2010. 
	 
	 
	Figure
	Figure 11. -- Sighting rates of bowhead whales, fall 2010 (bowhead whale sightings on transect/km of transect surveyed).  Transect  
	          survey effort was not recorded in areas without grid lines.
	Table 4. -- Effort (total and transect only), bowhead whale sightings (number of sightings/ 
	                  number of individuals), and bowhead whale sighting rate (WPUE = transect whales 
	                  per transect km surveyed) per Survey Block, fall 2010.   
	 
	Survey Block 
	Survey Block 
	Survey Block 
	Survey Block 

	Total Effort (km)* 
	Total Effort (km)* 

	Total Bowheads 
	Total Bowheads 

	Transect Effort (km)* 
	Transect Effort (km)* 

	Transect Bowheads 
	Transect Bowheads 

	WPUE 
	WPUE 

	Span

	1 
	1 
	1 

	2,036 
	2,036 

	24/38 
	24/38 

	1,246 
	1,246 

	18/30 
	18/30 

	0.0241 
	0.0241 

	Span

	2 
	2 
	2 

	780 
	780 

	0 
	0 

	508 
	508 

	0 
	0 

	0.0000 
	0.0000 


	3 
	3 
	3 

	3,304 
	3,304 

	9/11 
	9/11 

	1,823 
	1,823 

	4/4 
	4/4 

	0.0022 
	0.0022 


	4 
	4 
	4 

	1,106 
	1,106 

	20/26 
	20/26 

	458 
	458 

	4/4 
	4/4 

	0.0087 
	0.0087 


	5 
	5 
	5 

	1,515 
	1,515 

	56/64 
	56/64 

	910 
	910 

	29/32 
	29/32 

	0.0352 
	0.0352 


	6 
	6 
	6 

	666 
	666 

	0 
	0 

	493 
	493 

	0 
	0 

	0.0000 
	0.0000 


	7 
	7 
	7 

	458 
	458 

	0 
	0 

	335 
	335 

	0 
	0 

	0.0000 
	0.0000 


	8 
	8 
	8 

	7 
	7 

	0 
	0 

	0 
	0 

	n/a 
	n/a 

	n/a 
	n/a 


	9 
	9 
	9 

	53 
	53 

	0 
	0 

	0 
	0 

	n/a 
	n/a 

	n/a 
	n/a 


	10 
	10 
	10 

	42 
	42 

	0 
	0 

	0 
	0 

	n/a 
	n/a 

	n/a 
	n/a 


	11 
	11 
	11 

	1,034 
	1,034 

	0 
	0 

	856 
	856 

	0 
	0 

	0.0000 
	0.0000 


	12 
	12 
	12 

	1,573 
	1,573 

	17/39 
	17/39 

	1,207 
	1,207 

	13/34 
	13/34 

	0.0282 
	0.0282 


	Total 
	Total 
	Total 

	12,573 
	12,573 

	126/178 
	126/178 

	7,836 
	7,836 

	68/104 
	68/104 

	0.0133 
	0.0133 

	Span


	 
	* Total effort differs from values in Table 2 because deadhead km were not included here; transect effort (km)  
	differs slightly from values in Tables 2 and 5 because effort between barrier islands and the mainland were not 
	 included in the sighting rate per Survey Block analysis. 
	 
	Table 5. -- Effort (transect only), bowhead whale sightings (number of sightings/number of  
	                  individuals) and sighting rate (WPUE = transect whales per transect km surveyed) per 
	                  depth zone, western (west of 154°W) and central-eastern (east of 154°W) Alaskan  
	                  Beaufort Sea, fall 2010.  
	 
	 
	 
	 
	 

	West of 154°W 
	West of 154°W 

	 
	 

	East of 154°W 
	East of 154°W 

	 
	 

	Span

	Depth Zone 
	Depth Zone 
	Depth Zone 

	Transect Effort (km)* 
	Transect Effort (km)* 

	Transect Bowheads 
	Transect Bowheads 

	WPUE 
	WPUE 

	Transect Effort (km)* 
	Transect Effort (km)* 

	Transect Bowheads 
	Transect Bowheads 

	WPUE 
	WPUE 


	≤20 m 
	≤20 m 
	≤20 m 

	370 
	370 

	12/33 
	12/33 

	0.0892 
	0.0892 

	1,358 
	1,358 

	13/13 
	13/13 

	0.0096 
	0.0096 

	Span

	21-50 m 
	21-50 m 
	21-50 m 

	236 
	236 

	0 
	0 

	0.0000 
	0.0000 

	2,702 
	2,702 

	42/57 
	42/57 

	0.0211 
	0.0211 


	51-200 m 
	51-200 m 
	51-200 m 

	525 
	525 

	1/1 
	1/1 

	0.0019 
	0.0019 

	1,333 
	1,333 

	0 
	0 

	0.0000 
	0.0000 


	201-2000 m 
	201-2000 m 
	201-2000 m 

	121 
	121 

	0 
	0 

	0.0000 
	0.0000 

	1,085 
	1,085 

	0 
	0 

	0.0000 
	0.0000 


	>2000 m 
	>2000 m 
	>2000 m 

	0 
	0 

	0 
	0 

	0.0000 
	0.0000 

	211 
	211 

	0 
	0 

	0.0000 
	0.0000 


	Total 
	Total 
	Total 

	1,252 
	1,252 

	13/34 
	13/34 

	0.0272 
	0.0272 

	6,689 
	6,689 

	55/70 
	55/70 

	0.0105 
	0.0105 

	Span


	 
	* Transect effort (km) differs slightly from values in Tables 2 and 4 because effort between barrier islands and the mainland were included in the sighting rate per depth zone analysis.  
	 
	 
	Table 6. -- Semimonthly summary of bowhead whales (number of sightings/number of 
	                  individuals) observed during all effort, by percent ice cover present at sighting 
	                  location, fall 2010.   
	 
	Percent Ice Cover 
	Percent Ice Cover 
	Percent Ice Cover 
	Percent Ice Cover 

	1-15 Sep 
	1-15 Sep 

	16-30 Sep 
	16-30 Sep 

	1-15 Oct 
	1-15 Oct 

	Total 
	Total 

	Span

	0 
	0 
	0 

	16/21 
	16/21 

	78/117 
	78/117 

	13/14 
	13/14 

	107/152 (85%) 
	107/152 (85%) 

	Span

	1-5 
	1-5 
	1-5 

	11/13 
	11/13 

	3/3 
	3/3 

	0 
	0 

	14/16 (9%) 
	14/16 (9%) 


	6-10 
	6-10 
	6-10 

	0 
	0 

	5/10 
	5/10 

	0 
	0 

	5/10 (6%) 
	5/10 (6%) 


	Total 
	Total 
	Total 

	27/34 
	27/34 

	86/130 
	86/130 

	13/14 
	13/14 

	126/178 
	126/178 

	Span


	 
	 
	 
	Habitat Associations 
	 
	Weekly ice coverage for the Alaskan Beaufort Sea during fall 2010 is included in Appendix A, and the percentage of ice cover visible from the aircraft at each bowhead whale sighting is included in Appendix B.  Most bowhead whales were observed in 5% or less sea ice cover (Table 6).   
	 
	Behaviors 
	 
	Behaviors of 178 bowhead whales observed during all survey effort in fall 2010 are summarized in Table 7.  The behavior most often recorded (68%) was swimming.  Most swimming whales for which swim direction was recorded were heading west or northwest (60 whales, heading 238°-359° True).  Feeding was recorded for 22 whales (12%).  Feeding and milling were recorded in Blocks 1, 3, 5 and 12.  Sighting rates of feeding and milling whales observed on transect are shown in Figure 12.   
	Block 12 is a well-documented bowhead whale feeding ground (Moore and Reeves 1993; Mocklin, 2009) and is the site of the BOEMRE-sponsored Bowhead Whale Feeding Ecology Study (BOWFEST).  Preliminary results from BOWFEST indicate that krill are advected onto the Beaufort Sea shelf from the Beaufort Sea slope during sustained winds from the east or southeast, or possibly from Barrow Canyon during sustained winds from the north or northeast, whereupon the wind-driven, northwestward-flowing shelf current carries
	 
	Table 7. -- Semimonthly summary of bowhead whales (number of sightings/number of  
	                  individuals) observed during all effort, by behavioral category, fall 2010.   
	  
	Behavior 
	Behavior 
	Behavior 
	Behavior 

	1-15 Sep 
	1-15 Sep 

	16-30 Sep 
	16-30 Sep 

	1-15 Oct 
	1-15 Oct 

	Total 
	Total 

	Span

	Breach 
	Breach 
	Breach 

	0 
	0 

	1/1 
	1/1 

	0 
	0 

	1/1 (<1%) 
	1/1 (<1%) 

	Span

	Cow with calf 
	Cow with calf 
	Cow with calf 

	0 
	0 

	1/2 
	1/2 

	0 
	0 

	1/2 (1%) 
	1/2 (1%) 


	Dive 
	Dive 
	Dive 

	0 
	0 

	4/4 
	4/4 

	1/1 
	1/1 

	5/5 (3%) 
	5/5 (3%) 


	Feed 
	Feed 
	Feed 

	0 
	0 

	2/22 
	2/22 

	0 
	0 

	2/22 (12%) 
	2/22 (12%) 


	Mill 
	Mill 
	Mill 

	5/10 
	5/10 

	6/10 
	6/10 

	0 
	0 

	11/20 (11%) 
	11/20 (11%) 


	Rest 
	Rest 
	Rest 

	1/1 
	1/1 

	3/4 
	3/4 

	0 
	0 

	4/5 (3%) 
	4/5 (3%) 


	Swim 
	Swim 
	Swim 

	21/23 
	21/23 

	68/85 
	68/85 

	12/13 
	12/13 

	101/121 (68%) 
	101/121 (68%) 


	Tail slap 
	Tail slap 
	Tail slap 

	0 
	0 

	1/2 
	1/2 

	0 
	0 

	1/2 (1%) 
	1/2 (1%) 


	Total 
	Total 
	Total 

	27/34 
	27/34 

	86/130 
	86/130 

	13/14 
	13/14 

	126/178 
	126/178 

	Span


	 
	 
	Surveys were conducted in Block 12 on three occasions during BWASP 2010, and bowhead whales were seen during each flight (Fig. 13).  On 20 September, 27 bowhead whales were seen during marginal survey conditions (Beaufort 2 to 4, <1-3 km visibility) between Smith Bay and Pt. Barrow.  Of the whales reported, 22 were feeding, all within the 20 m contour.  The remaining 5 whales were scattered from 10 to 25 km offshore at depths ranging from 16 to 172 m.  On 1 October, 8 bowhead whales were observed during acc
	Information on wind speed, wind direction, and other environmental variables, were collected three times per day for Barrow from the National Weather Service, Alaska Aviation Weather Unit web site (
	Information on wind speed, wind direction, and other environmental variables, were collected three times per day for Barrow from the National Weather Service, Alaska Aviation Weather Unit web site (
	http://aawu.arh.noaa.gov/
	http://aawu.arh.noaa.gov/

	), and plotted for several days preceding the BWASP bowhead whale sighting events in Block 12 (Fig. 14).  Winds prior to the 20 September sighting event (22 feeding whales, 5 non-feeding whales) were variable, but predominantly easterly and ~10 kts or less for the six days prior to and including 10 September.  Winds prior to the 1 October sighting event (eight non-feeding whales) were east-northeasterly and strong (15-20 kts) from 26-29 September, then changed to variable and light (<10 kts) from 29 Septemb

	 
	Figure
	 
	Figure 12. -- Sighting rates of milling and feeding bowhead whales, fall 2010 (bowhead whale sightings on transect/km of transect  
	          surveyed).  Transect survey effort was not recorded in areas without grid lines. 
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	Figure 13. -- Bowhead whale sightings in Block 12, all effort, on 20 September, 1 October and 10 October 2010.
	 
	 
	InlineShape

	 
	Figure 14. -- Wind speeds measured at Barrow, Alaska, prior to 20 September, 1 October and 10 
	                     October 2010. 
	 
	Marine mammal observers and flight crew watched for sudden overt changes (e.g., an abrupt dive, course diversion, or cessation of initial behavior observed) in whale behavior that may indicate a response to the survey aircraft.  No bowhead whales were observed to have responded to the aircraft.  
	                                                                                                         
	Distance from Shore 
	 
	Distances from shore of 2010 bowhead whale transect sightings were measured, using ArcGIS, as the distance due north of the normalized shoreline.  Mean distance of locations of all bowhead whale transect sightings to the normalized shoreline in 2010 was 14.2 km (SD = 8.6) in the East Region, and 28.3 km (SD = 15.5) in the West Region (Table 8; Fig. 15).  Mean distance of locations of “migrating” bowhead whale transect sightings (i.e., excluding those sightings of feeding, milling, or resting whales) was 14.
	 
	Table 8. -- Central-tendency statistics for distance from shore (km) and depth (m) at  
	       bowhead whale transect sightings (September-October), by year and region, 1982- 
	       2010. 
	  
	  
	  
	  

	  
	  

	  
	  

	    Distance from shore (km) 
	    Distance from shore (km) 

	 Depth (m) 
	 Depth (m) 

	  
	  

	  
	  

	Span

	Year 
	Year 
	Year 

	Region 
	Region 

	TrSi 
	TrSi 

	Median 
	Median 

	Mean 
	Mean 

	SD 
	SD 

	Min-Max 
	Min-Max 

	Median 
	Median 

	Mean 
	Mean 

	SD 
	SD 

	Min-Max 
	Min-Max 

	Span

	1982* 
	1982* 
	1982* 

	East 
	East 

	29 
	29 

	35.4 
	35.4 

	35.2 
	35.2 

	7.44 
	7.44 

	25-52 
	25-52 

	42 
	42 

	43 
	43 

	6.29 
	6.29 

	35-57 
	35-57 

	Span

	 
	 
	 

	West 
	West 

	27 
	27 

	40.1 
	40.1 

	41.4 
	41.4 

	15.47 
	15.47 

	14-84 
	14-84 

	31 
	31 

	92 
	92 

	207.03 
	207.03 

	14-1041 
	14-1041 


	1983 
	1983 
	1983 

	East 
	East 

	14 
	14 

	84.8 
	84.8 

	83.4 
	83.4 

	14.91 
	14.91 

	57-115 
	57-115 

	804 
	804 

	916 
	916 

	718.72 
	718.72 

	65-1953 
	65-1953 


	 
	 
	 

	West 
	West 

	15 
	15 

	47.5 
	47.5 

	56.4 
	56.4 

	25.14 
	25.14 

	24-122 
	24-122 

	68 
	68 

	313 
	313 

	597.95 
	597.95 

	21-2166 
	21-2166 


	1984 
	1984 
	1984 

	East 
	East 

	23 
	23 

	33.3 
	33.3 

	35.8 
	35.8 

	22.43 
	22.43 

	2-98 
	2-98 

	44 
	44 

	77 
	77 

	104.86 
	104.86 

	18-508 
	18-508 


	 
	 
	 

	West 
	West 

	36 
	36 

	42 
	42 

	41.4 
	41.4 

	17.71 
	17.71 

	8-73 
	8-73 

	40 
	40 

	48 
	48 

	33.24 
	33.24 

	13-189 
	13-189 


	1985 
	1985 
	1985 

	East 
	East 

	10 
	10 

	28.1 
	28.1 

	29.3 
	29.3 

	14.62 
	14.62 

	2-56 
	2-56 

	39 
	39 

	38 
	38 

	7.31 
	7.31 

	23-51 
	23-51 


	 
	 
	 

	West 
	West 

	7 
	7 

	49.5 
	49.5 

	51.2 
	51.2 

	28.07 
	28.07 

	13-86 
	13-86 

	36 
	36 

	193 
	193 

	348.59 
	348.59 

	16-975 
	16-975 


	1986* 
	1986* 
	1986* 

	East 
	East 

	30 
	30 

	23.4 
	23.4 

	24.7 
	24.7 

	15.06 
	15.06 

	1-55 
	1-55 

	41 
	41 

	38 
	38 

	18.22 
	18.22 

	7-92 
	7-92 


	 
	 
	 

	West 
	West 

	19 
	19 

	34.3 
	34.3 

	36.8 
	36.8 

	21.29 
	21.29 

	4-80 
	4-80 

	28 
	28 

	78 
	78 

	117.51 
	117.51 

	10-490 
	10-490 


	1987* 
	1987* 
	1987* 

	East 
	East 

	34 
	34 

	30.5 
	30.5 

	32.9 
	32.9 

	17 
	17 

	6-79 
	6-79 

	39 
	39 

	53 
	53 

	45.72 
	45.72 

	15-223 
	15-223 


	 
	 
	 

	West 
	West 

	8 
	8 

	28.3 
	28.3 

	27.9 
	27.9 

	15.5 
	15.5 

	6-46 
	6-46 

	26 
	26 

	23 
	23 

	10.04 
	10.04 

	8-32 
	8-32 


	1988 
	1988 
	1988 

	East 
	East 

	6 
	6 

	26.2 
	26.2 

	29.1 
	29.1 

	20 
	20 

	5-66 
	5-66 

	49 
	49 

	92 
	92 

	123.39 
	123.39 

	23-343 
	23-343 


	 
	 
	 

	West 
	West 

	8 
	8 

	57.6 
	57.6 

	58.5 
	58.5 

	5.96 
	5.96 

	50-67 
	50-67 

	50 
	50 

	50 
	50 

	6.57 
	6.57 

	41-63 
	41-63 


	1989* 
	1989* 
	1989* 

	East 
	East 

	6 
	6 

	49.38 
	49.38 

	58.3 
	58.3 

	24.72 
	24.72 

	31-91 
	31-91 

	61 
	61 

	196 
	196 

	219.75 
	219.75 

	47-509 
	47-509 


	 
	 
	 

	West 
	West 

	17 
	17 

	33 
	33 

	28 
	28 

	15.82 
	15.82 

	7-64 
	7-64 

	20 
	20 

	19 
	19 

	8.2 
	8.2 

	6-34 
	6-34 


	1990* 
	1990* 
	1990* 

	East 
	East 

	93 
	93 

	31.6 
	31.6 

	31.5 
	31.5 

	12.53 
	12.53 

	8-78 
	8-78 

	42 
	42 

	48 
	48 

	33.05 
	33.05 

	20-285 
	20-285 


	 
	 
	 

	West 
	West 

	6 
	6 

	33.1 
	33.1 

	36.8 
	36.8 

	12.66 
	12.66 

	25-60 
	25-60 

	32 
	32 

	33 
	33 

	11.47 
	11.47 

	20-51 
	20-51 


	1991 
	1991 
	1991 

	East 
	East 

	15 
	15 

	51.3 
	51.3 

	52.5 
	52.5 

	20.23 
	20.23 

	22-79 
	22-79 

	55 
	55 

	122 
	122 

	108.45 
	108.45 

	35-387 
	35-387 


	 
	 
	 

	West 
	West 

	6 
	6 

	42.3 
	42.3 

	48.8 
	48.8 

	19.97 
	19.97 

	29-76 
	29-76 

	42 
	42 

	97 
	97 

	94.29 
	94.29 

	26-230 
	26-230 


	1992 
	1992 
	1992 

	East 
	East 

	12 
	12 

	36.1 
	36.1 

	39.2 
	39.2 

	11.94 
	11.94 

	24-60 
	24-60 

	54 
	54 

	51 
	51 

	6.07 
	6.07 

	40-59 
	40-59 


	 
	 
	 

	West 
	West 

	13 
	13 

	57.1 
	57.1 

	53.5 
	53.5 

	14.71 
	14.71 

	23-74 
	23-74 

	51 
	51 

	54 
	54 

	27.82 
	27.82 

	14-121 
	14-121 


	1993* 
	1993* 
	1993* 

	East 
	East 

	55 
	55 

	26.1 
	26.1 

	29 
	29 

	15.79 
	15.79 

	6-81 
	6-81 

	41 
	41 

	58 
	58 

	96.59 
	96.59 

	11-717 
	11-717 


	 
	 
	 

	West 
	West 

	35 
	35 

	23.9 
	23.9 

	28.1 
	28.1 

	12.38 
	12.38 

	11-62 
	11-62 

	20 
	20 

	23 
	23 

	9.29 
	9.29 

	11-49 
	11-49 


	1994* 
	1994* 
	1994* 

	East 
	East 

	32 
	32 

	27.3 
	27.3 

	35.1 
	35.1 

	18.57 
	18.57 

	12-74 
	12-74 

	47 
	47 

	80 
	80 

	175.67 
	175.67 

	31-1038 
	31-1038 


	 
	 
	 

	West 
	West 

	3 
	3 

	17.9 
	17.9 

	22.3 
	22.3 

	11.6 
	11.6 

	14-35 
	14-35 

	12 
	12 

	22 
	22 

	16.74 
	16.74 

	12-41 
	12-41 


	1995* 
	1995* 
	1995* 

	East 
	East 

	94 
	94 

	27.2 
	27.2 

	29.8 
	29.8 

	14.93 
	14.93 

	3-99 
	3-99 

	42 
	42 

	52 
	52 

	68.74 
	68.74 

	15-628 
	15-628 


	 
	 
	 

	West 
	West 

	44 
	44 

	35.9 
	35.9 

	41.1 
	41.1 

	24.43 
	24.43 

	6-108 
	6-108 

	31 
	31 

	107 
	107 

	259.75 
	259.75 

	7-1233 
	7-1233 


	1996* 
	1996* 
	1996* 

	East 
	East 

	13 
	13 

	27.9 
	27.9 

	26.3 
	26.3 

	10.45 
	10.45 

	14-53 
	14-53 

	29 
	29 

	38 
	38 

	9.16 
	9.16 

	15-48 
	15-48 


	 
	 
	 

	West 
	West 

	15 
	15 

	39.9 
	39.9 

	39 
	39 

	15.22 
	15.22 

	19-63 
	19-63 

	35 
	35 

	37 
	37 

	16.93 
	16.93 

	19-82 
	19-82 


	1997* 
	1997* 
	1997* 

	East 
	East 

	35 
	35 

	9.3 
	9.3 

	13.8 
	13.8 

	11.33 
	11.33 

	3-43 
	3-43 

	22 
	22 

	24 
	24 

	11.97 
	11.97 

	11-50 
	11-50 


	 
	 
	 

	West 
	West 

	145 
	145 

	23.6 
	23.6 

	25.6 
	25.6 

	11.33 
	11.33 

	1-57 
	1-57 

	20 
	20 

	25 
	25 

	21.42 
	21.42 

	5-189 
	5-189 


	1998* 
	1998* 
	1998* 

	East 
	East 

	103 
	103 

	20.4 
	20.4 

	22.1 
	22.1 

	12.61 
	12.61 

	3-68 
	3-68 

	32 
	32 

	34 
	34 

	12 
	12 

	7-83 
	7-83 


	 
	 
	 

	West 
	West 

	113 
	113 

	18.5 
	18.5 

	23.6 
	23.6 

	17.53 
	17.53 

	1-120 
	1-120 

	15 
	15 

	38 
	38 

	170.85 
	170.85 

	5-1815 
	5-1815 



	 
	  
	  
	  
	  

	  
	  

	  
	  

	    Distance from shore (km) 
	    Distance from shore (km) 

	 Depth (m) 
	 Depth (m) 

	  
	  

	  
	  

	Span

	Year 
	Year 
	Year 

	Region 
	Region 

	TrSi 
	TrSi 

	Median 
	Median 

	Mean 
	Mean 

	SD 
	SD 

	Min-Max 
	Min-Max 

	Median 
	Median 

	Mean 
	Mean 

	SD 
	SD 

	Min-Max 
	Min-Max 

	Span

	1999* 
	1999* 
	1999* 

	East 
	East 

	68 
	68 

	36.4 
	36.4 

	35.3 
	35.3 

	11.5 
	11.5 

	1-59 
	1-59 

	50 
	50 

	51 
	51 

	20.94 
	20.94 

	8-171 
	8-171 

	Span

	 
	 
	 

	West 
	West 

	68 
	68 

	33 
	33 

	36.2 
	36.2 

	16.21 
	16.21 

	8-74 
	8-74 

	31 
	31 

	43 
	43 

	42.94 
	42.94 

	11-210 
	11-210 


	2000* 
	2000* 
	2000* 

	East 
	East 

	26 
	26 

	34 
	34 

	39.3 
	39.3 

	20.86 
	20.86 

	13-100 
	13-100 

	41 
	41 

	82 
	82 

	122.01 
	122.01 

	28-559 
	28-559 


	 
	 
	 

	West 
	West 

	19 
	19 

	9.3 
	9.3 

	16.2 
	16.2 

	18.23 
	18.23 

	1-78 
	1-78 

	11 
	11 

	32 
	32 

	81.58 
	81.58 

	4-367 
	4-367 


	2001* 
	2001* 
	2001* 

	East 
	East 

	16 
	16 

	31.5 
	31.5 

	29.7 
	29.7 

	112.2 
	112.2 

	12-48 
	12-48 

	46 
	46 

	43 
	43 

	8.73 
	8.73 

	27-53 
	27-53 


	 
	 
	 

	West 
	West 

	2 
	2 

	na 
	na 

	41.9 
	41.9 

	42.31 
	42.31 

	12-72 
	12-72 

	29 
	29 

	29 
	29 

	26.17 
	26.17 

	10-47 
	10-47 


	2002* 
	2002* 
	2002* 

	East 
	East 

	16 
	16 

	14.8 
	14.8 

	19 
	19 

	16.62 
	16.62 

	2-61 
	2-61 

	29 
	29 

	28 
	28 

	13.13 
	13.13 

	0-50 
	0-50 


	 
	 
	 

	West 
	West 

	23 
	23 

	33.9 
	33.9 

	35.6 
	35.6 

	12.31 
	12.31 

	10-57 
	10-57 

	24 
	24 

	27 
	27 

	12.17 
	12.17 

	11-61 
	11-61 


	2003* 
	2003* 
	2003* 

	East 
	East 

	33 
	33 

	34.7 
	34.7 

	29.8 
	29.8 

	19.3 
	19.3 

	4-65 
	4-65 

	40 
	40 

	39 
	39 

	16.75 
	16.75 

	12-92 
	12-92 


	 
	 
	 

	West 
	West 

	41 
	41 

	30.5 
	30.5 

	32.4 
	32.4 

	18.38 
	18.38 

	7-86 
	7-86 

	23 
	23 

	58 
	58 

	74.28 
	74.28 

	8-291 
	8-291 


	2004* 
	2004* 
	2004* 

	East 
	East 

	67 
	67 

	21.5 
	21.5 

	24.2 
	24.2 

	11.63 
	11.63 

	2-73 
	2-73 

	39 
	39 

	43 
	43 

	48.36 
	48.36 

	6-423 
	6-423 


	 
	 
	 

	West 
	West 

	60 
	60 

	23.1 
	23.1 

	23.5 
	23.5 

	10.4 
	10.4 

	1-66 
	1-66 

	20 
	20 

	31 
	31 

	35.68 
	35.68 

	4-211 
	4-211 


	2005* 
	2005* 
	2005* 

	East 
	East 

	19 
	19 

	28.1 
	28.1 

	26.4 
	26.4 

	14.15 
	14.15 

	3-45 
	3-45 

	42 
	42 

	39 
	39 

	12.39 
	12.39 

	12-57 
	12-57 


	 
	 
	 

	West 
	West 

	27 
	27 

	38.3 
	38.3 

	39.8 
	39.8 

	20.37 
	20.37 

	5-74 
	5-74 

	33 
	33 

	59 
	59 

	71.51 
	71.51 

	10-285 
	10-285 


	2006* 
	2006* 
	2006* 

	East 
	East 

	45 
	45 

	34.3 
	34.3 

	39.3 
	39.3 

	22.42 
	22.42 

	4-92 
	4-92 

	44 
	44 

	196 
	196 

	445.99 
	445.99 

	8-1868 
	8-1868 


	 
	 
	 

	West 
	West 

	46 
	46 

	39.2 
	39.2 

	37.2 
	37.2 

	19.63 
	19.63 

	3-74 
	3-74 

	32 
	32 

	40 
	40 

	34.06 
	34.06 

	7-204 
	7-204 


	2007* 
	2007* 
	2007* 

	East 
	East 

	49 
	49 

	21.8 
	21.8 

	23.2 
	23.2 

	14.43 
	14.43 

	1-74 
	1-74 

	34 
	34 

	43 
	43 

	54.2 
	54.2 

	14-403 
	14-403 


	 
	 
	 

	West 
	West 

	6 
	6 

	25.7 
	25.7 

	25.7 
	25.7 

	64.8 
	64.8 

	15-35 
	15-35 

	23 
	23 

	23 
	23 

	8.55 
	8.55 

	12-35 
	12-35 


	2008* 
	2008* 
	2008* 

	East 
	East 

	25 
	25 

	21.3 
	21.3 

	20.5 
	20.5 

	10.65 
	10.65 

	6-38 
	6-38 

	29 
	29 

	27 
	27 

	7.68 
	7.68 

	12-40 
	12-40 


	  
	  
	  

	West 
	West 

	37 
	37 

	18.4 
	18.4 

	22.6 
	22.6 

	13.92 
	13.92 

	3-57 
	3-57 

	15 
	15 

	17 
	17 

	6.91 
	6.91 

	3-33 
	3-33 


	2009* 
	2009* 
	2009* 

	East 
	East 

	9 
	9 

	6.6 
	6.6 

	20.2 
	20.2 

	21.1 
	21.1 

	3-57 
	3-57 

	21 
	21 

	30 
	30 

	19.77 
	19.77 

	11-56 
	11-56 


	 
	 
	 

	West 
	West 

	42 
	42 

	16.9 
	16.9 

	23.1 
	23.1 

	17.06 
	17.06 

	5-87 
	5-87 

	17 
	17 

	30 
	30 

	44.67 
	44.67 

	9-245 
	9-245 


	2010* 
	2010* 
	2010* 

	East 
	East 

	43 
	43 

	16.2 
	16.2 

	14.2 
	14.2 

	8.64 
	8.64 

	1-29 
	1-29 

	30 
	30 

	30 
	30 

	11.13 
	11.13 

	13-49 
	13-49 


	 
	 
	 

	West 
	West 

	25 
	25 

	21.6 
	21.6 

	28.3 
	28.3 

	15.51 
	15.51 

	2-79 
	2-79 

	20 
	20 

	32 
	32 

	34.22 
	34.22 

	10-189 
	10-189 

	Span


	 
	TrSi – number of bowhead whale sightings on transect 
	SD – standard deviation 
	* – light ice coverage 
	 
	   
	Figure
	Figure 15. -- Bowhead whale sightings on transect, fall 2010, showing mean distance from the normalized shoreline. 
	 
	Figure 16. -- Bowhead whale sightings on transect excluding feeding, milling and resting whales, fall 2010, showing mean distance 
	Figure
	                        from the normalized shoreline. 
	Depth at Sighting 
	 
	Mean depth at sightings of all bowhead whales on transect was 30 m (SD = 11.1, range 13-49 m) in the East Region, and 32 m (SD = 34.2, range 10-189 m) in the West Region (Table 8).  Mean depth of “migrating” bowhead whales on transect was 30 m (SD = 11.1, range 13-49) in the East Region and 33 m (SD = 38.1, range 14-189 m) in the West Region.  Mann-Whitney U-test of significant difference of medians indicates no difference between median depths of all sightings versus median depths of only those sightings c
	 
	Based on the lack of significant difference between all bowhead whale sightings in 2010 and sightings limited to those whales considered “migrating,” additional analyses of the bowhead whale migration corridor incorporated all sightings and were not limited to only those animals considered actively “migrating”. 
	 
	Distribution of Bowhead Whales, 2010, Relative to Bowhead Whale Distribution in Previous Years with Light Ice Coverage 
	 
	In order to evaluate whether significant displacements occurred in the bowhead whale migratory corridor during 2010, estimates of median depth at sighting and distance of sightings from the normalized shoreline were compared with data from previous years having light ice coverage (i.e., 1982, 1986, 1987, 1989, 1990, 1993-2009).  Median distance from shore during previous years with light ice coverage for bowhead whale sightings was 27 km in the East Region and 26 km in the West Region; the median water dept
	 
	In 2010, bowhead whales in the East Region were significantly closer to shore (16.2 km vs. 27.0 km, Z = 6.300, P = 0.00000) and in significantly shallower water (30 m vs. 40 m, Z = 4.733, P = 0.000002) than in previous years with light ice coverage.   
	 
	In the West Region, there was no significant difference in distance from shore of bowhead whale sightings between 2010 (22.0 km) and previous years with light ice coverage (26.0 km), nor was there any significant difference in depth at bowhead whale sightings between 2010 (20 m) and previous years with light ice coverage (21 m).  
	 
	 
	Other Marine Mammal Observations 
	 
	There were 2 sightings of 2 gray whales in fall 2010 (Fig. 17).  Both gray whales were close to shore, west of Barrow.  
	 
	There were 34 sightings of 56 belugas in fall 2010 (Fig. 18).  Belugas were seen along the slope in Blocks 2, 7 and 11.  Sighting rate was highest in Block 11 (0.048 belugas on transect per transect km flown; Table 9).  Sighting rate per depth zone was highest in the 201-2,000 m 
	 
	Figure
	Figure 17. -- Gray whale sightings, all effort, fall 2010. 
	 
	Figure 18. -- Beluga sightings, all effort, fall 2010. 
	Figure
	Table 9. -- Effort, beluga sightings (number of sightings/number of individuals) and sighting rate 
	                  (WPUE = transect whales per transect km surveyed) per Survey Block, fall 2010.   
	 
	Survey Block 
	Survey Block 
	Survey Block 
	Survey Block 

	Transect Effort (km)* 
	Transect Effort (km)* 

	Transect Belugas 
	Transect Belugas 

	WPUE 
	WPUE 

	Span

	1 
	1 
	1 

	1,246 
	1,246 

	0 
	0 

	0.0000 
	0.0000 

	Span

	2 
	2 
	2 

	508 
	508 

	3/3 
	3/3 

	0.0059 
	0.0059 


	3 
	3 
	3 

	1,823 
	1,823 

	0 
	0 

	0.0000 
	0.0000 


	4 
	4 
	4 

	458 
	458 

	0 
	0 

	0.0000 
	0.0000 


	5 
	5 
	5 

	910 
	910 

	0 
	0 

	0.0000 
	0.0000 


	6 
	6 
	6 

	493 
	493 

	0 
	0 

	0.0000 
	0.0000 


	7 
	7 
	7 

	335 
	335 

	2/2 
	2/2 

	0.0060 
	0.0060 


	8 
	8 
	8 

	0 
	0 

	n/a 
	n/a 

	n/a 
	n/a 


	9 
	9 
	9 

	0 
	0 

	n/a 
	n/a 

	n/a 
	n/a 


	10 
	10 
	10 

	0 
	0 

	n/a 
	n/a 

	n/a 
	n/a 


	11 
	11 
	11 

	856 
	856 

	22/41 
	22/41 

	0.0479 
	0.0479 


	12 
	12 
	12 

	1,207 
	1,207 

	0 
	0 

	0.0000 
	0.0000 


	Total 
	Total 
	Total 

	7,836 
	7,836 

	27/46 
	27/46 

	0.0059 
	0.0059 

	Span


	 
	 * Transect effort (km) differs slightly from values in Table 2 and 5 because effort between barrier islands and the  
	   mainland were not included in the sighting rate per Survey Block analysis. 
	 
	 
	contour for the central-eastern subarea of the BWASP region (Table 10); belugas were not observed in the western subregion.  Belugas are usually associated with ice (Moore et al. 2000), however all belugas seen in 2010 were in ice-free water.  Beluga sighting rates were similar to those observed during BWASP surveys in 2007 and 2008 (Fig. 19).  Beluga sighting rates in recent years, aside from 2009, have been lower than during historical BWASP survey years, possibly due to the retreat of the summer sea ice 
	 
	There was one sighting of one walrus on 1 September 2010, at 71.145°N, 152.188°W, swimming in an area of 20% broken floe ice. 
	 
	Bearded seals (7 sightings of 7 seals) and unidentified pinnipeds (122 sightings of 278 seals) were distributed across the Alaskan Beaufort Sea (Figs. 20, 21) primarily east of 154°W; few pinnipeds were seen in Block 12.  Pinnipeds were seen both on the shelf and in deeper areas of the slope.  Unidentified pinnipeds included sightings of small pinnipeds that could not be identified to species due to the altitude of the aircraft (> 1,000 feet), and likely included spotted (Phoca largha) and ringed (Pusa hisp
	 
	Table 10. -- Effort, beluga sightings (number of sightings/number of individuals) and sighting 
	                    rate (WPUE = transect whales per transect km surveyed) per depth zone, western  
	                    (west of 154°W) and central-eastern (east of 154°W) Alaskan Beaufort Sea, fall  
	                    2010. 
	 
	 
	 
	 
	 
	 

	West of 154°W 
	West of 154°W 

	 
	 

	East of 154°W 
	East of 154°W 

	 
	 

	Span

	Depth Zone 
	Depth Zone 
	Depth Zone 

	Transect Effort (km)* 
	Transect Effort (km)* 

	Transect Belugas 
	Transect Belugas 

	WPUE 
	WPUE 

	Transect Effort (km)* 
	Transect Effort (km)* 

	Transect Belugas 
	Transect Belugas 

	WPUE 
	WPUE 


	≤ 20 m 
	≤ 20 m 
	≤ 20 m 

	370 
	370 

	0 
	0 

	0.0000 
	0.0000 

	1,358 
	1,358 

	0 
	0 

	0.0000 
	0.0000 

	Span

	21-50 m 
	21-50 m 
	21-50 m 

	236 
	236 

	0 
	0 

	0.0000 
	0.0000 

	2,702 
	2,702 

	0 
	0 

	0.0000 
	0.0000 


	51-200 m 
	51-200 m 
	51-200 m 

	525 
	525 

	0 
	0 

	0.0000 
	0.0000 

	1,333 
	1,333 

	3/4 
	3/4 

	0.0030 
	0.0030 


	201-2000 m 
	201-2000 m 
	201-2000 m 

	121 
	121 

	0 
	0 

	0.0000 
	0.0000 

	1,085 
	1,085 

	24/42 
	24/42 

	0.0387 
	0.0387 


	> 2000 m 
	> 2000 m 
	> 2000 m 

	0 
	0 

	n/a 
	n/a 

	n/a 
	n/a 

	211 
	211 

	0 
	0 

	0.0000 
	0.0000 


	Total 
	Total 
	Total 

	1,252 
	1,252 

	0 
	0 

	0.0000 
	0.0000 

	6,689 
	6,689 

	27/46 
	27/46 

	0.0069 
	0.0069 

	Span


	 
	* Transect effort (km) differs slightly from values in Tables 2 and 9 because effort between barrier islands and the mainland were included in the sighting rate per depth zone analysis.  
	 
	 
	There were 11 sightings of 53 polar bears seen on 9 of 21 flights from 1 September to 15 October 2010; some of the bears may have been seen repeatedly (Fig. 22).  All but two polar bears were sighted near or on shore between Kaktovik and Smith Bay.  Two bears were sighted approximately 30 kilometers north of Oliktok in Harrison Bay, swimming in an area of 10% broken floe ice.  Multiple bears were seen on Cross Island on several days: 5 bears on 13 September, 10 bears on 21 September, 8 bears on 24 September
	 
	 
	Accomplishments 
	 
	Results from the 2010 BWASP field season were presented by NMFS personnel at several venues, including: 
	 
	Ferguson, M., J. Clarke, C. Christman, S. Grassia and A. Brower.  2011.  A tale of two seas: lessons from multi-decadal aerial surveys for cetaceans in the Beaufort and Chukchi Seas.  Presentation: Alaska Marine Science Symposium, Anchorage, Alaska, 17-21 January 2011. 
	 
	Ferguson, M., J. Clarke, C. Christman, S. Grassia and A. Brower.  2011.  Aerial surveys for marine mammals in the Beaufort and Chukchi Seas.  Presentation: Arctic Open-Water Meeting, Anchorage, Alaska, 7-9 March 2011; and 2011 Alaska Scientific Review Group Meetings, Seattle, Washington, February 2011. 
	 
	 
	 
	InlineShape

	 
	Figure 19. -- Number of belugas and annual effort (hr), total and transect only, 1982-2010.  Transect data not available for 1982-1991. 
	 
	Figure 20. -- Bearded seal sightings, all effort, fall 2010. 
	Figure
	 
	 
	Figure
	Figure 21. -- Unidentified pinniped sightings, all effort, fall 2010. 
	 
	 
	Figure
	 
	 
	Figure 22. -- Polar bear sightings, all effort, fall 2010. 
	Grassia, S., J. Clarke, M. Ferguson, C. Christman and A. Brower.  2011.  Distribution, relative abundance and behaviors of bowhead whales in the Alaskan Beaufort and northeastern Chukchi Seas – Autumn, 2007-2010.  Poster: Alaska Marine Science Symposium, Anchorage, Alaska, 17-21 January 2011. 
	 
	BWASP data were incorporated into analyses for publication in refereed journals, including: 
	  
	Ferguson, M.C.  In press.  Quantifying spatial characteristics of the Bowhead Whale Aerial Survey Project (BWASP) survey design.  Journal of Cetacean Research and Management. 
	 
	Okkonen, S., C. Ashjian, R. Campbell, J. Clarke, S. Moore and K. Taylor.  2011.  Satellite observations of circulation features associated with the Barrow area bowhead whale feeding hotspot.  Remote Sensing of Environment 115: 2168-2174. 
	 
	 
	 
	DISCUSSION 
	 
	 
	Conclusions 
	 
	Ice conditions in 2010 were very light, similar to conditions observed in 2007, 2008, and 2009, with little to no ice in most of the study area during the field season.  Environmental conditions related to large expanses of relatively warm water overlaid by colder air temperatures include low ceilings, fog, and high sea states.  These conditions were often encountered during BWASP 2010, particularly east of 146°W and after 15 September, making it very difficult to complete transects in offshore areas. Surve
	 
	Changes to the arctic marine environment observed over the past several decades (increasing mean annual temperatures, increasing mean annual wind speed, increasing storm frequency, decreasing annual ice; Wendler et al., 2009) accelerated in the 2000s (Walsh, 2008), perhaps most noticeably in the record-low sea ice extent observed in 2007 (National Snow and Ice Data Center 2007).  The arctic summer and fall seasons are predicted to have continued decreasing 
	 
	Figure
	Figure 23. -- Bowhead whale sightings on transect in years with light ice coverage, 1982-2010. 
	ice coverage and younger ice, and associated climatic impacts (e.g., Simmonds et al. 2008), and these changes have likely impacted or will impact most marine mammal species (Kovacs et al. 2011).  Comparisons in marine mammal distribution between time periods that span three decades (1982-2010) should be interpreted with caution because different ecological mechanisms could have been acting during this time. 
	 
	Bowhead whale depth preference in 2010 based on sighting rates, uncorrected for availability or perception bias, was for very shallow waters (≤ 20 m) in the western subregion of the study area.  This preference was also noted in 2009, when hundreds of feeding bowhead whales were seen in October in this subregion.  Far fewer feeding bowhead whales were seen in 2010, but one group of 21 feeding whales was enough to influence the depth preference statistic.  In the central-eastern subregion, depth preference w
	 
	The lack of feeding bowhead whales in Block 12 on 1 October was unexpected based on wind conditions prior to that date.  However, oceanographic samples collected during BOWFEST (late August through mid-September) indicated that in 2010 water temperatures were warm, krill abundances were low, and abundances of chaetognaths, ctenophores, medusae and small copepods were high (Ashjian et al. 2011).  Although the BOWFEST team hypothesized that krill advected to the Beaufort Shelf were possibly late in arriving i
	 
	Distribution of beluga sightings in 2010 was similar to that documented in previous years with light ice coverage (Fig. 24).  Beluga depth preference in the eastern and central Alaskan Beaufort Sea, based on sighting rates uncorrected for availability or perception bias, was for slope and basin waters (> 200 m), which is consistent with what Moore et al. (2000) found for beluga data collected in the 1980s. 
	 
	 
	Management Use of Real-Time Field Information 
	 
	The BOEMRE issues various permits to industry for gas and oil exploration, including vessel geophysical permits for on-water exploration using an array of deep-seismic airguns; vessel geological-geophysical permits for shallow-seismic exploration using an airgun; on-ice geophysical permits using VIBROSEIS technology; both vessel and on-ice geological permits for obtaining core samples; and permits to drill for gas and oil.  Although there was no offshore oil and gas activity in the Alaskan Beaufort Sea in 2
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	Figure 24. -- Beluga sightings on transect in years with light ice coverage, 1982-2010. 
	Management Use of Interannual Monitoring 
	 
	The BOEMRE bowhead whale monitoring study began in 1979 and has continued every year up to the present.  While some aspects of this study have been updated, the data recorded have remained remarkably consistent (especially data from 1982-2010), thus permitting many direct comparisons across years.  Such continuous, long-term, broad-scale, aerial monitoring of a large whale migration is indeed unique.  In addition to the accomplishments specifically mentioned in the results, the BWASP historical dataset has 
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	APPENDIX A:  FALL 2010 ICE CONCENTRATION MAPS 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	This page intentionally left blank. 
	 
	 
	 
	InlineShape

	 
	 
	Figure A-1. -- Ice concentrations in the Alaskan Beaufort Sea, 3 September 2010. 
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	Figure A-2. -- Ice concentrations in the Alaskan Beaufort Sea, 10 September 2010. 
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	Figure A-3. -- Ice concentrations in the Alaskan Beaufort Sea, 17 September 2010. 
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	Figure A-4. -- Ice concentrations in the Alaskan Beaufort Sea, 24 September 2010. 
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	Figure A-5. -- Ice concentrations in the Alaskan Beaufort Sea, 1 October 2010. 
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	Figure A-6. -- Ice concentrations in the Alaskan Beaufort Sea, 8 October 2010. 
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	Figure A-7. -- Ice concentrations in the Alaskan Beaufort Sea, 15 October 2010. 
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	APPENDIX B:  FALL 2010 BOWHEAD WHALE SIGHTING DATA 
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	229 
	229 

	12 Sep 
	12 Sep 

	3 
	3 

	0 
	0 

	71º11.0' 
	71º11.0' 

	151º58.0' 
	151º58.0' 

	swim 
	swim 

	* 
	* 

	1 
	1 

	3 
	3 


	229 
	229 
	229 

	12 Sep 
	12 Sep 

	1 
	1 

	0 
	0 

	71º09.4' 
	71º09.4' 

	151º55.2' 
	151º55.2' 

	swim 
	swim 

	24º 
	24º 

	2 
	2 

	3 
	3 


	229 
	229 
	229 

	12 Sep 
	12 Sep 

	1 
	1 

	0 
	0 

	71º08.4' 
	71º08.4' 

	152º35.4' 
	152º35.4' 

	rest 
	rest 

	97º 
	97º 

	0 
	0 

	3 
	3 


	4 
	4 
	4 

	13 Sep 
	13 Sep 

	1 
	1 

	0 
	0 

	70º54.8' 
	70º54.8' 

	149º15.4' 
	149º15.4' 

	swim 
	swim 

	294º 
	294º 

	0 
	0 

	2 
	2 


	4 
	4 
	4 

	13 Sep 
	13 Sep 

	1 
	1 

	0 
	0 

	70º49.9' 
	70º49.9' 

	149º13.8' 
	149º13.8' 

	swim 
	swim 

	174º 
	174º 

	0 
	0 

	2 
	2 


	4 
	4 
	4 

	13 Sep 
	13 Sep 

	2 
	2 

	0 
	0 

	70º49.6' 
	70º49.6' 

	149º13.7' 
	149º13.7' 

	mill 
	mill 

	* 
	* 

	0 
	0 

	2 
	2 


	4 
	4 
	4 

	13 Sep 
	13 Sep 

	2 
	2 

	0 
	0 

	70º48.4' 
	70º48.4' 

	149º10.9' 
	149º10.9' 

	mill 
	mill 

	* 
	* 

	0 
	0 

	2 
	2 


	4 
	4 
	4 

	13 Sep 
	13 Sep 

	1 
	1 

	0 
	0 

	70º48.9' 
	70º48.9' 

	149º13.7' 
	149º13.7' 

	swim 
	swim 

	* 
	* 

	0 
	0 

	2 
	2 


	4 
	4 
	4 

	13 Sep 
	13 Sep 

	1 
	1 

	0 
	0 

	70º48.9' 
	70º48.9' 

	148º33.6' 
	148º33.6' 

	swim 
	swim 

	329º 
	329º 

	0 
	0 

	1 
	1 


	4 
	4 
	4 

	13 Sep 
	13 Sep 

	1 
	1 

	0 
	0 

	70º45.3' 
	70º45.3' 

	148º13.1' 
	148º13.1' 

	swim 
	swim 

	* 
	* 

	5 
	5 

	2 
	2 


	4 
	4 
	4 

	13 Sep 
	13 Sep 

	1 
	1 

	0 
	0 

	70º46.9' 
	70º46.9' 

	148º17.7' 
	148º17.7' 

	swim 
	swim 

	* 
	* 

	5 
	5 

	2 
	2 


	4 
	4 
	4 

	13 Sep 
	13 Sep 

	1 
	1 

	0 
	0 

	70º46.0' 
	70º46.0' 

	148º17.2' 
	148º17.2' 

	swim 
	swim 

	* 
	* 

	5 
	5 

	2 
	2 


	4 
	4 
	4 

	13 Sep 
	13 Sep 

	1 
	1 

	0 
	0 

	70º37.8' 
	70º37.8' 

	147º43.1' 
	147º43.1' 

	swim 
	swim 

	263º 
	263º 

	5 
	5 

	2 
	2 


	4 
	4 
	4 

	13 Sep 
	13 Sep 

	1 
	1 

	0 
	0 

	70º39.0' 
	70º39.0' 

	147º43.6' 
	147º43.6' 

	swim 
	swim 

	293º 
	293º 

	5 
	5 

	2 
	2 


	4 
	4 
	4 

	13 Sep 
	13 Sep 

	1 
	1 

	0 
	0 

	70º41.1' 
	70º41.1' 

	147º44.3' 
	147º44.3' 

	swim 
	swim 

	83º 
	83º 

	5 
	5 

	2 
	2 


	4 
	4 
	4 

	13 Sep 
	13 Sep 

	1 
	1 

	0 
	0 

	70º41.9' 
	70º41.9' 

	147º44.6' 
	147º44.6' 

	swim 
	swim 

	173º 
	173º 

	5 
	5 

	2 
	2 


	5 
	5 
	5 

	15 Sep 
	15 Sep 

	1 
	1 

	0 
	0 

	71º14.4' 
	71º14.4' 

	152º51.8' 
	152º51.8' 

	swim 
	swim 

	119º 
	119º 

	5 
	5 

	5 
	5 


	5 
	5 
	5 

	15 Sep 
	15 Sep 

	1 
	1 

	0 
	0 

	71º11.1' 
	71º11.1' 

	151º45.4' 
	151º45.4' 

	mill 
	mill 

	* 
	* 

	5 
	5 

	4 
	4 


	6 
	6 
	6 

	17 Sep 
	17 Sep 

	1 
	1 

	0 
	0 

	71º09.7' 
	71º09.7' 

	153º05.7' 
	153º05.7' 

	swim 
	swim 

	212º 
	212º 

	1 
	1 

	2 
	2 


	6 
	6 
	6 

	17 Sep 
	17 Sep 

	1 
	1 

	0 
	0 

	71º12.6' 
	71º12.6' 

	153º30.3' 
	153º30.3' 

	swim 
	swim 

	316º 
	316º 

	1 
	1 

	2 
	2 


	6 
	6 
	6 

	17 Sep 
	17 Sep 

	1 
	1 

	0 
	0 

	71º09.8' 
	71º09.8' 

	151º24.3' 
	151º24.3' 

	swim 
	swim 

	197º 
	197º 

	1 
	1 

	2 
	2 


	7 
	7 
	7 

	20 Sep 
	20 Sep 

	3 
	3 

	0 
	0 

	70º22.6' 
	70º22.6' 

	146º42.2' 
	146º42.2' 

	swim 
	swim 

	304º 
	304º 

	0 
	0 

	2 
	2 


	7 
	7 
	7 

	20 Sep 
	20 Sep 

	2 
	2 

	0 
	0 

	70º22.9' 
	70º22.9' 

	146º42.2' 
	146º42.2' 

	swim 
	swim 

	304º 
	304º 

	0 
	0 

	2 
	2 


	235 
	235 
	235 

	20 Sep 
	20 Sep 

	1 
	1 

	0 
	0 

	71º33.1' 
	71º33.1' 

	156º09.6' 
	156º09.6' 

	swim 
	swim 

	348º 
	348º 

	0 
	0 

	3 
	3 


	235 
	235 
	235 

	20 Sep 
	20 Sep 

	21 
	21 

	0 
	0 

	71º20.3' 
	71º20.3' 

	155º52.9' 
	155º52.9' 

	feed 
	feed 

	* 
	* 

	0 
	0 

	3 
	3 


	235 
	235 
	235 

	20 Sep 
	20 Sep 

	1 
	1 

	0 
	0 

	71º20.9' 
	71º20.9' 

	155º59.4' 
	155º59.4' 

	feed 
	feed 

	* 
	* 

	0 
	0 

	3 
	3 


	235 
	235 
	235 

	20 Sep 
	20 Sep 

	1 
	1 

	0 
	0 

	71º24.0' 
	71º24.0' 

	155º52.5' 
	155º52.5' 

	swim 
	swim 

	303º 
	303º 

	0 
	0 

	3 
	3 


	235 
	235 
	235 

	20 Sep 
	20 Sep 

	1 
	1 

	0 
	0 

	71º19.6' 
	71º19.6' 

	154º33.7' 
	154º33.7' 

	swim 
	swim 

	5º 
	5º 

	0 
	0 

	3 
	3 


	235 
	235 
	235 

	20 Sep 
	20 Sep 

	2 
	2 

	0 
	0 

	71º19.6' 
	71º19.6' 

	154º33.4' 
	154º33.4' 

	swim 
	swim 

	275º 
	275º 

	0 
	0 

	3 
	3 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º44.4' 
	69º44.4' 

	141º27.6' 
	141º27.6' 

	rest 
	rest 

	* 
	* 

	0 
	0 

	3 
	3 



	Flight No. 
	Flight No. 
	Flight No. 
	Flight No. 

	Day 
	Day 

	Total Whales 
	Total Whales 

	No. Calves 
	No. Calves 

	Latitude 
	Latitude 

	Longitude 
	Longitude 

	Behavior 
	Behavior 

	Compass Heading 
	Compass Heading 

	Ice (%) 
	Ice (%) 

	Beaufort Sea State 
	Beaufort Sea State 

	Span
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	Flight No. 
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	Day 
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	Total Whales 
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	Behavior 
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	Compass Heading 

	Ice (%) 
	Ice (%) 

	Beaufort Sea State 
	Beaufort Sea State 
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	Flight No. 
	Flight No. 
	Flight No. 
	Flight No. 

	Day 
	Day 

	Total Whales 
	Total Whales 

	No. Calves 
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	Behavior 
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	Compass Heading 

	Ice (%) 
	Ice (%) 

	Beaufort Sea State 
	Beaufort Sea State 
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	Span

	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º39.5' 
	69º39.5' 

	141º00.9' 
	141º00.9' 

	swim 
	swim 

	295º 
	295º 

	0 
	0 

	3 
	3 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º39.7' 
	69º39.7' 

	140º56.8' 
	140º56.8' 

	swim 
	swim 

	* 
	* 

	0 
	0 

	3 
	3 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º38.3' 
	69º38.3' 

	140º42.1' 
	140º42.1' 

	swim 
	swim 

	349º 
	349º 

	0 
	0 

	4 
	4 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º38.4' 
	69º38.4' 

	140º35.1' 
	140º35.1' 

	mill 
	mill 

	* 
	* 

	0 
	0 

	4 
	4 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	2 
	2 

	0 
	0 

	69º39.1' 
	69º39.1' 

	140º35.7' 
	140º35.7' 

	mill 
	mill 

	* 
	* 

	0 
	0 

	4 
	4 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º38.5' 
	69º38.5' 

	140º44.7' 
	140º44.7' 

	swim 
	swim 

	268º 
	268º 

	0 
	0 

	4 
	4 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º38.5' 
	69º38.5' 

	140º44.9' 
	140º44.9' 

	swim 
	swim 

	28º 
	28º 

	0 
	0 

	4 
	4 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º38.5' 
	69º38.5' 

	140º45.5' 
	140º45.5' 

	swim 
	swim 

	268º 
	268º 

	0 
	0 

	4 
	4 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º38.6' 
	69º38.6' 

	140º47.7' 
	140º47.7' 

	dive 
	dive 

	88º 
	88º 

	0 
	0 

	4 
	4 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	2 
	2 

	0 
	0 

	69º46.7' 
	69º46.7' 

	140º49.9' 
	140º49.9' 

	swim 
	swim 

	* 
	* 

	0 
	0 

	5 
	5 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º40.1' 
	69º40.1' 

	140º55.5' 
	140º55.5' 

	swim 
	swim 

	295º 
	295º 

	0 
	0 

	4 
	4 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º40.5' 
	69º40.5' 

	141º02.4' 
	141º02.4' 

	swim 
	swim 

	358º 
	358º 

	0 
	0 

	4 
	4 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º41.4' 
	69º41.4' 

	141º07.7' 
	141º07.7' 

	breach 
	breach 

	* 
	* 

	0 
	0 

	4 
	4 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º41.7' 
	69º41.7' 

	141º08.9' 
	141º08.9' 

	swim 
	swim 

	* 
	* 

	0 
	0 

	4 
	4 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	2 
	2 

	0 
	0 

	69º42.1' 
	69º42.1' 

	141º08.8' 
	141º08.8' 

	swim 
	swim 

	* 
	* 

	0 
	0 

	4 
	4 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º43.2' 
	69º43.2' 

	141º17.9' 
	141º17.9' 

	swim 
	swim 

	26º 
	26º 

	0 
	0 

	4 
	4 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º44.5' 
	69º44.5' 

	141º25.3' 
	141º25.3' 

	swim 
	swim 

	27º 
	27º 

	0 
	0 

	3 
	3 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	69º44.6' 
	69º44.6' 

	141º25.6' 
	141º25.6' 

	swim 
	swim 

	118º 
	118º 

	0 
	0 

	3 
	3 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	2 
	2 

	0 
	0 

	69º46.7' 
	69º46.7' 

	141º39.2' 
	141º39.2' 

	tail slap 
	tail slap 

	* 
	* 

	0 
	0 

	3 
	3 


	8 
	8 
	8 

	21 Sep 
	21 Sep 

	1 
	1 

	0 
	0 

	70º13.0' 
	70º13.0' 

	145º31.7' 
	145º31.7' 

	swim 
	swim 

	323º 
	323º 

	0 
	0 

	3 
	3 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	2 
	2 

	0 
	0 

	70º06.0' 
	70º06.0' 

	145º28.5' 
	145º28.5' 

	swim 
	swim 

	157º 
	157º 

	0 
	0 

	2 
	2 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	70º05.6' 
	70º05.6' 

	145º23.4' 
	145º23.4' 

	mill 
	mill 

	* 
	* 

	0 
	0 

	2 
	2 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	70º05.6' 
	70º05.6' 

	145º23.1' 
	145º23.1' 

	mill 
	mill 

	* 
	* 

	0 
	0 

	2 
	2 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	70º03.9' 
	70º03.9' 

	144º56.2' 
	144º56.2' 

	swim 
	swim 

	187º 
	187º 

	0 
	0 

	2 
	2 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	70º12.1' 
	70º12.1' 

	144º06.7' 
	144º06.7' 

	swim 
	swim 

	59º 
	59º 

	0 
	0 

	2 
	2 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	70º10.6' 
	70º10.6' 

	143º58.7' 
	143º58.7' 

	swim 
	swim 

	301º 
	301º 

	0 
	0 

	2 
	2 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	70º08.8' 
	70º08.8' 

	143º31.5' 
	143º31.5' 

	swim 
	swim 

	38º 
	38º 

	0 
	0 

	2 
	2 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	2 
	2 

	0 
	0 

	70º09.0' 
	70º09.0' 

	143º14.7' 
	143º14.7' 

	swim 
	swim 

	* 
	* 

	0 
	0 

	2 
	2 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	70º09.8' 
	70º09.8' 

	143º09.0' 
	143º09.0' 

	swim 
	swim 

	* 
	* 

	0 
	0 

	2 
	2 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	70º09.6' 
	70º09.6' 

	143º08.2' 
	143º08.2' 

	swim 
	swim 

	* 
	* 

	0 
	0 

	2 
	2 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	2 
	2 

	0 
	0 

	70º09.8' 
	70º09.8' 

	143º09.5' 
	143º09.5' 

	swim 
	swim 

	* 
	* 

	0 
	0 

	2 
	2 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	70º03.7' 
	70º03.7' 

	142º46.4' 
	142º46.4' 

	dive 
	dive 

	* 
	* 

	0 
	0 

	3 
	3 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	2 
	2 

	0 
	0 

	69º59.4' 
	69º59.4' 

	142º30.8' 
	142º30.8' 

	swim 
	swim 

	312º 
	312º 

	0 
	0 

	3 
	3 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	69º59.3' 
	69º59.3' 

	142º27.9' 
	142º27.9' 

	dive 
	dive 

	* 
	* 

	0 
	0 

	3 
	3 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	69º59.0' 
	69º59.0' 

	142º19.2' 
	142º19.2' 

	swim 
	swim 

	300º 
	300º 

	0 
	0 

	3 
	3 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	69º59.2' 
	69º59.2' 

	142º19.2' 
	142º19.2' 

	swim 
	swim 

	300º 
	300º 

	0 
	0 

	3 
	3 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	69º59.3' 
	69º59.3' 

	142º19.2' 
	142º19.2' 

	swim 
	swim 

	330º 
	330º 

	0 
	0 

	3 
	3 


	9 
	9 
	9 

	22 Sep 
	22 Sep 

	1 
	1 

	0 
	0 

	69º48.3' 
	69º48.3' 

	141º39.2' 
	141º39.2' 

	swim 
	swim 

	120º 
	120º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	69º50.9' 
	69º50.9' 

	140º20.7' 
	140º20.7' 

	swim 
	swim 

	89º 
	89º 

	0 
	0 

	3 
	3 



	 
	 
	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	Span

	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	69º53.6' 
	69º53.6' 

	140º45.1' 
	140º45.1' 

	swim 
	swim 

	88º 
	88º 

	0 
	0 

	3 
	3 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	69º52.6' 
	69º52.6' 

	140º45.0' 
	140º45.0' 

	swim 
	swim 

	358º 
	358º 

	0 
	0 

	3 
	3 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	69º48.0' 
	69º48.0' 

	140º44.6' 
	140º44.6' 

	swim 
	swim 

	298º 
	298º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	69º44.5' 
	69º44.5' 

	141º23.7' 
	141º23.7' 

	swim 
	swim 

	121º 
	121º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	69º46.1' 
	69º46.1' 

	141º23.5' 
	141º23.5' 

	swim 
	swim 

	121º 
	121º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	70º06.3' 
	70º06.3' 

	141º54.1' 
	141º54.1' 

	swim 
	swim 

	299º 
	299º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	70º06.2' 
	70º06.2' 

	141º54.1' 
	141º54.1' 

	swim 
	swim 

	239º 
	239º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	70º05.4' 
	70º05.4' 

	141º54.1' 
	141º54.1' 

	swim 
	swim 

	359º 
	359º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	70º03.1' 
	70º03.1' 

	141º53.9' 
	141º53.9' 

	swim 
	swim 

	358º 
	358º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	70º02.8' 
	70º02.8' 

	141º53.9' 
	141º53.9' 

	swim 
	swim 

	358º 
	358º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	70º01.9' 
	70º01.9' 

	141º53.8' 
	141º53.8' 

	swim 
	swim 

	209º 
	209º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	69º54.2' 
	69º54.2' 

	142º01.8' 
	142º01.8' 

	swim 
	swim 

	117º 
	117º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	69º54.3' 
	69º54.3' 

	142º01.9' 
	142º01.9' 

	swim 
	swim 

	117º 
	117º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	70º06.3' 
	70º06.3' 

	142º04.8' 
	142º04.8' 

	swim 
	swim 

	355º 
	355º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	2 
	2 

	1 
	1 

	70º07.8' 
	70º07.8' 

	142º05.2' 
	142º05.2' 

	rest 
	rest 

	* 
	* 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	70º07.7' 
	70º07.7' 

	142º04.9' 
	142º04.9' 

	swim 
	swim 

	* 
	* 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	70º07.5' 
	70º07.5' 

	142º57.8' 
	142º57.8' 

	rest 
	rest 

	* 
	* 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	3 
	3 

	0 
	0 

	70º08.7' 
	70º08.7' 

	144º27.0' 
	144º27.0' 

	mill 
	mill 

	* 
	* 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	70º11.8' 
	70º11.8' 

	145º05.4' 
	145º05.4' 

	swim 
	swim 

	94º 
	94º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	2 
	2 

	0 
	0 

	70º12.6' 
	70º12.6' 

	145º42.8' 
	145º42.8' 

	swim 
	swim 

	304º 
	304º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	3 
	3 

	0 
	0 

	70º45.7' 
	70º45.7' 

	148º51.8' 
	148º51.8' 

	swim 
	swim 

	300º 
	300º 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	2 
	2 

	0 
	0 

	70º51.5' 
	70º51.5' 

	148º51.9' 
	148º51.9' 

	mill 
	mill 

	* 
	* 

	0 
	0 

	2 
	2 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	70º33.9' 
	70º33.9' 

	147º45.4' 
	147º45.4' 

	swim 
	swim 

	240º 
	240º 

	10 
	10 

	1 
	1 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	5 
	5 

	0 
	0 

	70º34.7' 
	70º34.7' 

	147º45.4' 
	147º45.4' 

	swim 
	swim 

	300º 
	300º 

	10 
	10 

	1 
	1 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	2 
	2 

	1 
	1 

	70º34.8' 
	70º34.8' 

	147º45.4' 
	147º45.4' 

	cow/calf 
	cow/calf 

	300º 
	300º 

	10 
	10 

	1 
	1 


	10 
	10 
	10 

	24 Sep 
	24 Sep 

	1 
	1 

	0 
	0 

	70º34.8' 
	70º34.8' 

	147º45.4' 
	147º45.4' 

	swim 
	swim 

	300º 
	300º 

	10 
	10 

	1 
	1 


	12 
	12 
	12 

	30 Sep 
	30 Sep 

	1 
	1 

	0 
	0 

	70º10.8' 
	70º10.8' 

	142º44.3' 
	142º44.3' 

	swim 
	swim 

	267º 
	267º 

	0 
	0 

	1 
	1 


	12 
	12 
	12 

	30 Sep 
	30 Sep 

	1 
	1 

	0 
	0 

	70º13.3' 
	70º13.3' 

	142º44.6' 
	142º44.6' 

	swim 
	swim 

	267º 
	267º 

	0 
	0 

	1 
	1 


	12 
	12 
	12 

	30 Sep 
	30 Sep 

	1 
	1 

	0 
	0 

	70º11.3' 
	70º11.3' 

	142º23.2' 
	142º23.2' 

	swim 
	swim 

	333º 
	333º 

	0 
	0 

	2 
	2 


	12 
	12 
	12 

	30 Sep 
	30 Sep 

	1 
	1 

	0 
	0 

	70º10.6' 
	70º10.6' 

	142º23.3' 
	142º23.3' 

	swim 
	swim 

	33º 
	33º 

	0 
	0 

	2 
	2 


	12 
	12 
	12 

	30 Sep 
	30 Sep 

	1 
	1 

	0 
	0 

	69º47.7' 
	69º47.7' 

	141º42.8' 
	141º42.8' 

	swim 
	swim 

	186º 
	186º 

	0 
	0 

	2 
	2 


	12 
	12 
	12 

	30 Sep 
	30 Sep 

	1 
	1 

	0 
	0 

	69º48.9' 
	69º48.9' 

	141º37.6' 
	141º37.6' 

	swim 
	swim 

	266º 
	266º 

	0 
	0 

	3 
	3 


	12 
	12 
	12 

	30 Sep 
	30 Sep 

	1 
	1 

	0 
	0 

	69º50.3' 
	69º50.3' 

	141º37.8' 
	141º37.8' 

	dive 
	dive 

	117º 
	117º 

	0 
	0 

	3 
	3 


	12 
	12 
	12 

	30 Sep 
	30 Sep 

	1 
	1 

	0 
	0 

	69º48.5' 
	69º48.5' 

	141º45.9' 
	141º45.9' 

	swim 
	swim 

	30º 
	30º 

	0 
	0 

	4 
	4 


	12 
	12 
	12 

	30 Sep 
	30 Sep 

	1 
	1 

	0 
	0 

	70º10.0' 
	70º10.0' 

	145º27.1' 
	145º27.1' 

	swim 
	swim 

	273º 
	273º 

	10 
	10 

	1 
	1 


	13 
	13 
	13 

	1 Oct 
	1 Oct 

	1 
	1 

	0 
	0 

	71º09.3' 
	71º09.3' 

	154º21.4' 
	154º21.4' 

	swim 
	swim 

	89º 
	89º 

	0 
	0 

	4 
	4 


	13 
	13 
	13 

	1 Oct 
	1 Oct 

	1 
	1 

	0 
	0 

	71º10.3' 
	71º10.3' 

	154º21.5' 
	154º21.5' 

	swim 
	swim 

	269º 
	269º 

	0 
	0 

	4 
	4 


	13 
	13 
	13 

	1 Oct 
	1 Oct 

	1 
	1 

	0 
	0 

	71º10.9' 
	71º10.9' 

	154º21.5' 
	154º21.5' 

	swim 
	swim 

	148º 
	148º 

	0 
	0 

	4 
	4 


	13 
	13 
	13 

	1 Oct 
	1 Oct 

	1 
	1 

	0 
	0 

	71º11.5' 
	71º11.5' 

	154º21.6' 
	154º21.6' 

	swim 
	swim 

	238º 
	238º 

	0 
	0 

	4 
	4 



	 
	 
	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	Span

	13 
	13 
	13 

	1 Oct 
	1 Oct 

	1 
	1 

	0 
	0 

	71º18.6' 
	71º18.6' 

	154º54.8' 
	154º54.8' 

	swim 
	swim 

	7º 
	7º 

	0 
	0 

	5 
	5 


	13 
	13 
	13 

	1 Oct 
	1 Oct 

	1 
	1 

	0 
	0 

	71º18.6' 
	71º18.6' 

	154º54.8' 
	154º54.8' 

	swim 
	swim 

	37º 
	37º 

	0 
	0 

	5 
	5 


	13 
	13 
	13 

	1 Oct 
	1 Oct 

	2 
	2 

	1 
	1 

	71º18.3' 
	71º18.3' 

	154º54.9' 
	154º54.9' 

	swim 
	swim 

	36º 
	36º 

	0 
	0 

	5 
	5 


	15 
	15 
	15 

	8 Oct 
	8 Oct 

	1 
	1 

	0 
	0 

	71º03.2' 
	71º03.2' 

	150º35.2' 
	150º35.2' 

	swim 
	swim 

	184º 
	184º 

	0 
	0 

	4 
	4 


	16 
	16 
	16 

	9 Oct 
	9 Oct 

	1 
	1 

	0 
	0 

	70º37.7' 
	70º37.7' 

	148º58.0' 
	148º58.0' 

	swim 
	swim 

	94º 
	94º 

	0 
	0 

	2 
	2 


	17 
	17 
	17 

	10 Oct 
	10 Oct 

	1 
	1 

	0 
	0 

	71º49.9' 
	71º49.9' 

	154º36.4' 
	154º36.4' 

	swim 
	swim 

	90º 
	90º 

	0 
	0 

	4 
	4 


	17 
	17 
	17 

	10 Oct 
	10 Oct 

	1 
	1 

	0 
	0 

	71º13.2' 
	71º13.2' 

	154º32.8' 
	154º32.8' 

	swim 
	swim 

	268º 
	268º 

	0 
	0 

	5 
	5 


	17 
	17 
	17 

	10 Oct 
	10 Oct 

	1 
	1 

	0 
	0 

	71º10.4' 
	71º10.4' 

	154º32.5' 
	154º32.5' 

	dive 
	dive 

	358º 
	358º 

	0 
	0 

	5 
	5 


	17 
	17 
	17 

	10 Oct 
	10 Oct 

	1 
	1 

	0 
	0 

	71º17.8' 
	71º17.8' 

	155º06.7' 
	155º06.7' 

	swim 
	swim 

	243º 
	243º 

	0 
	0 

	5 
	5 


	  
	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  


	  
	  
	  

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	Span


	*   Not recorded 
	 
	 
	 
	 
	APPENDIX C:  FALL 2010 DAILY FLIGHT SUMMARIES 
	1 September 2010, Flight 1 
	 
	Flight was an attempted survey of Block 3.  Survey conditions were poor, with widespread low ceilings and fog precluding survey effort in most of the study area.  Sea state ranged from Beaufort 1-3, and visibility ranged from 0-5 km.  Ice cover was 0-20% broken floe.  One walrus was seen. 
	 
	 
	Figure
	Figure C-1. -- Flight 1 survey track, depicted by sea state, and all sightings. 
	 
	 
	8 September 2010, Flight 2 
	 
	Flight was a transect survey of Blocks 4 and 6.  Survey conditions were very good, with partly cloudy to overcast skies, sea state Beaufort 2-3, and visibility from 5-10 km.  No ice was observed in the survey area.  Bowhead whales were sighted in Camden Bay and polar bears were seen near the village of Kaktovik.  Whaling boats from Kaktovik were seen at the southern end of the easternmost transect, and were diverted around to avoid possible interference with subsistence whaling activities. 
	Cetacean Sightings, all effort 
	 
	Flight No. 
	Flight No. 
	Flight No. 
	Flight No. 

	Date and Time 
	Date and Time 

	Latitude °N 
	Latitude °N 

	Longitude °W 
	Longitude °W 

	Species 
	Species 

	Behavior 
	Behavior 

	Total No. 
	Total No. 

	Calf No. 
	Calf No. 

	Block 
	Block 

	Span

	2 
	2 
	2 

	9/8/10 12:45 
	9/8/10 12:45 

	70.163 
	70.163 

	-145.326 
	-145.326 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	4 
	4 

	Span

	2 
	2 
	2 

	9/8/10 12:45 
	9/8/10 12:45 

	70.161 
	70.161 

	-145.326 
	-145.326 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	4 
	4 

	Span

	2 
	2 
	2 

	9/8/10 12:52 
	9/8/10 12:52 

	70.183 
	70.183 

	-145.327 
	-145.327 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	4 
	4 

	Span


	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure
	Figure C-2. -- Flight 2 survey track, depicted by sea state, and all sightings. 
	 
	12 September 2010, Flight 3 
	 
	Flight was a transect survey of the western half of Blocks 5 and 7.  Survey conditions were good, with partly cloudy to overcast skies, and sea state Beaufort 1-4.  Visibility ranged from 0-10 km.  Low ceilings and fog precluded surveying areas farther east.  Ice cover in Block 1 was 10-40% broken floe; there was no ice in Blocks 5 and 7.  Bowhead whales, including one calf, and unidentified cetaceans were sighted near Demarcation Point and in Blocks 1 and 4 during the search survey back to Deadhorse. Belug
	Cetacean Sightings, all effort 
	 
	Flight No. 
	Flight No. 
	Flight No. 
	Flight No. 

	Date and Time 
	Date and Time 

	Latitude °N 
	Latitude °N 

	Longitude °W 
	Longitude °W 

	Species 
	Species 

	Behavior 
	Behavior 

	Total No. 
	Total No. 

	Calf No. 
	Calf No. 

	Block 
	Block 

	Span

	3 
	3 
	3 

	9/12/10 16:16 
	9/12/10 16:16 

	69.908 
	69.908 

	-141.720 
	-141.720 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	5 
	5 

	Span

	3 
	3 
	3 

	9/12/10 16:17 
	9/12/10 16:17 

	69.858 
	69.858 

	-141.727 
	-141.727 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	5 
	5 

	Span

	3 
	3 
	3 

	9/12/10 16:23 
	9/12/10 16:23 

	69.740 
	69.740 

	-141.446 
	-141.446 

	unidentified cetacean 
	unidentified cetacean 

	swim 
	swim 

	1 
	1 

	0 
	0 

	5 
	5 

	Span

	3 
	3 
	3 

	9/12/10 16:39 
	9/12/10 16:39 

	69.735 
	69.735 

	-141.097 
	-141.097 

	bowhead 
	bowhead 

	mill 
	mill 

	3 
	3 

	1 
	1 

	5 
	5 

	Span

	3 
	3 
	3 

	9/12/10 17:16 
	9/12/10 17:16 

	70.597 
	70.597 

	-141.127 
	-141.127 

	beluga 
	beluga 

	swim 
	swim 

	1 
	1 

	0 
	0 

	7 
	7 

	Span

	3 
	3 
	3 

	9/12/10 17:16 
	9/12/10 17:16 

	70.602 
	70.602 

	-141.128 
	-141.128 

	beluga 
	beluga 

	swim 
	swim 

	1 
	1 

	0 
	0 

	7 
	7 

	Span

	3 
	3 
	3 

	9/12/10 17:37 
	9/12/10 17:37 

	70.715 
	70.715 

	-142.492 
	-142.492 

	beluga 
	beluga 

	rest 
	rest 

	1 
	1 

	0 
	0 

	7 
	7 

	Span

	3 
	3 
	3 

	9/12/10 17:37 
	9/12/10 17:37 

	70.713 
	70.713 

	-142.531 
	-142.531 

	beluga 
	beluga 

	swim 
	swim 

	2 
	2 

	0 
	0 

	7 
	7 

	Span

	3 
	3 
	3 

	9/12/10 17:37 
	9/12/10 17:37 

	70.712 
	70.712 

	-142.535 
	-142.535 

	beluga 
	beluga 

	rest 
	rest 

	1 
	1 

	0 
	0 

	7 
	7 

	Span

	3 
	3 
	3 

	9/12/10 17:39 
	9/12/10 17:39 

	70.697 
	70.697 

	-142.744 
	-142.744 

	beluga 
	beluga 

	swim 
	swim 

	1 
	1 

	0 
	0 

	7 
	7 

	Span

	3 
	3 
	3 

	9/12/10 18:02 
	9/12/10 18:02 

	70.519 
	70.519 

	-145.011 
	-145.011 

	unidentified cetacean 
	unidentified cetacean 

	swim 
	swim 

	1 
	1 

	0 
	0 

	4 
	4 

	Span

	3 
	3 
	3 

	9/12/10 18:18 
	9/12/10 18:18 

	70.418 
	70.418 

	-145.896 
	-145.896 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	4 
	4 

	Span

	3 
	3 
	3 

	9/12/10 18:21 
	9/12/10 18:21 

	70.391 
	70.391 

	-146.225 
	-146.225 

	unidentified cetacean 
	unidentified cetacean 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	3 
	3 
	3 

	9/12/10 18:22 
	9/12/10 18:22 

	70.384 
	70.384 

	-146.314 
	-146.314 

	bowhead 
	bowhead 

	mill 
	mill 

	2 
	2 

	0 
	0 

	1 
	1 

	Span

	3 
	3 
	3 

	9/12/10 18:23 
	9/12/10 18:23 

	70.376 
	70.376 

	-146.410 
	-146.410 

	unidentified cetacean 
	unidentified cetacean 

	rest 
	rest 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	3 
	3 
	3 

	9/12/10 18:24 
	9/12/10 18:24 

	70.368 
	70.368 

	-146.506 
	-146.506 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	3 
	3 
	3 

	9/12/10 18:24 
	9/12/10 18:24 

	70.365 
	70.365 

	-146.533 
	-146.533 

	unidentified cetacean 
	unidentified cetacean 

	mill 
	mill 

	1 
	1 

	0 
	0 

	1 
	1 

	Span


	 
	 
	 
	Figure C-3. -- Flight 3 survey track, depicted by sea state, and all sightings. 
	Figure
	12 September 2010, Flight 229 
	 
	Flight was a transect survey of Block 3, flown by the COMIDA aircraft and team based out of Barrow.  Survey conditions were good, with partly cloudy to overcast skies, sea state Beaufort 1-4, and visibility from 5-10 km.  Ice cover was 0-30% broken floe.  Bowhead whales were seen north of Cape Halkett. Unidentified pinnipeds were seen scattered throughout the survey area, and two polar bears were seen swimming in Harrison Bay, approximately 30 km offshore in area of 10% broken floe ice. 
	Cetacean Sightings, all effort 
	  
	Flight No. 
	Flight No. 
	Flight No. 
	Flight No. 

	Date and Time 
	Date and Time 

	Latitude °N 
	Latitude °N 

	Longitude °W 
	Longitude °W 

	Species 
	Species 

	Behavior 
	Behavior 

	Total No. 
	Total No. 

	Calf No. 
	Calf No. 

	Block 
	Block 

	Span

	229 
	229 
	229 

	9/12/10 16:54 
	9/12/10 16:54 

	71.183 
	71.183 

	-151.967 
	-151.967 

	bowhead 
	bowhead 

	swim 
	swim 

	3 
	3 

	0 
	0 

	3 
	3 

	Span

	229 
	229 
	229 

	9/12/10 17:04 
	9/12/10 17:04 

	71.157 
	71.157 

	-151.920 
	-151.920 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	3 
	3 

	Span

	229 
	229 
	229 

	9/12/10 18:05 
	9/12/10 18:05 

	71.139 
	71.139 

	-152.590 
	-152.590 

	bowhead 
	bowhead 

	rest 
	rest 

	1 
	1 

	0 
	0 

	3 
	3 

	Span


	  
	 
	 
	Figure
	Figure C-4. -- Flight 229 survey track, depicted by sea state, and all sightings. 
	13 September 2010, Flight 4 
	 
	Flight was a transect survey of Block 1, with partial coverage of Block 2.  Survey conditions were fair, with sea state Beaufort 1-3, and visibility ranging from 0-5 km.  Low ceilings and fog precluded survey effort in most of Block 2.  Ice cover was 0-50% broken floe.  Bowhead whales and unidentified cetaceans were seen scattered throughout Block 1; belugas were sighted in Block 2. One bearded seal and several unidentified pinnipeds were seen scattered throughout the survey area, and five polar bears were 
	Cetacean Sightings, all effort 
	 
	Flight No. 
	Flight No. 
	Flight No. 
	Flight No. 

	Date and Time 
	Date and Time 

	Latitude °N 
	Latitude °N 

	Longitude °W 
	Longitude °W 

	Species 
	Species 

	Behavior 
	Behavior 

	Total No. 
	Total No. 

	Calf No. 
	Calf No. 

	Block 
	Block 

	Span

	4 
	4 
	4 

	9/13/10 10:54 
	9/13/10 10:54 

	70.913 
	70.913 

	-149.256 
	-149.256 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	4 
	4 
	4 

	9/13/10 10:57 
	9/13/10 10:57 

	70.832 
	70.832 

	-149.231 
	-149.231 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	4 
	4 
	4 

	9/13/10 10:57 
	9/13/10 10:57 

	70.827 
	70.827 

	-149.229 
	-149.229 

	bowhead 
	bowhead 

	mill 
	mill 

	2 
	2 

	0 
	0 

	1 
	1 

	Span

	4 
	4 
	4 

	9/13/10 10:58 
	9/13/10 10:58 

	70.807 
	70.807 

	-149.182 
	-149.182 

	bowhead 
	bowhead 

	mill 
	mill 

	2 
	2 

	0 
	0 

	1 
	1 

	Span

	4 
	4 
	4 

	9/13/10 11:00 
	9/13/10 11:00 

	70.815 
	70.815 

	-149.228 
	-149.228 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	4 
	4 
	4 

	9/13/10 11:31 
	9/13/10 11:31 

	70.815 
	70.815 

	-148.559 
	-148.559 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	4 
	4 
	4 

	9/13/10 11:46 
	9/13/10 11:46 

	71.184 
	71.184 

	-148.411 
	-148.411 

	beluga 
	beluga 

	swim 
	swim 

	1 
	1 

	0 
	0 

	2 
	2 

	Span

	4 
	4 
	4 

	9/13/10 11:46 
	9/13/10 11:46 

	71.175 
	71.175 

	-148.408 
	-148.408 

	beluga 
	beluga 

	swim 
	swim 

	1 
	1 

	0 
	0 

	2 
	2 

	Span

	4 
	4 
	4 

	9/13/10 11:55 
	9/13/10 11:55 

	70.915 
	70.915 

	-148.289 
	-148.289 

	unidentified cetacean 
	unidentified cetacean 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	4 
	4 
	4 

	9/13/10 12:06 
	9/13/10 12:06 

	70.754 
	70.754 

	-148.218 
	-148.218 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	4 
	4 
	4 

	9/13/10 12:14 
	9/13/10 12:14 

	70.782 
	70.782 

	-148.296 
	-148.296 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	4 
	4 
	4 

	9/13/10 12:15 
	9/13/10 12:15 

	70.767 
	70.767 

	-148.287 
	-148.287 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	4 
	4 
	4 

	9/13/10 13:03 
	9/13/10 13:03 

	70.631 
	70.631 

	-147.719 
	-147.719 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	4 
	4 
	4 

	9/13/10 13:04 
	9/13/10 13:04 

	70.650 
	70.650 

	-147.726 
	-147.726 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	4 
	4 
	4 

	9/13/10 13:05 
	9/13/10 13:05 

	70.685 
	70.685 

	-147.739 
	-147.739 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span

	4 
	4 
	4 

	9/13/10 13:06 
	9/13/10 13:06 

	70.698 
	70.698 

	-147.744 
	-147.744 

	bowhead 
	bowhead 

	swim 
	swim 

	1 
	1 

	0 
	0 

	1 
	1 

	Span


	 
	 
	Figure
	Figure C-5. -- Flight 4 survey track, depicted by sea state, and all sightings. 
	15 September 2010, Flight 5 
	 
	Flight was a transect survey of Block 3, with partial coverage of Block 11.  Survey conditions were fair, with overcast skies, sea state Beaufort 2-6, and visibility ranging from 3-10 km.  High sea states precluded survey effort in most of Block 11.  Ice cover was 0-10% broken floe.  Bowhead whales were seen north of Cape Halkett.  Three polar bears were seen onshore between Harrison Bay and Smith Bay.   
	Cetacean Sightings, all effort 
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	Figure
	Figure C-6. -- Flight 5 survey track, depicted by sea state, and all sightings. 
	17 September 2010, Flight 6 
	 
	Flight was a transect survey of portions of Block 11.  Survey conditions were fair, with overcast skies, sea state Beaufort 1-2, and visibility ranging from 0-10 km.  Low ceilings and fog precluded survey effort in most of the study area.  Ice cover was 0-40% broken floe.  Bowhead whales were seen during search surveys to and from Block 11.  Bearded seals and unidentified pinnipeds were seen scattered throughout the area surveyed.   
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	Figure C-7. -- Flight 6 survey track, depicted by sea state, and all sightings. 
	Figure
	20 September 2010, Flight 7 
	 
	Flight was a transect survey of portions of Block 1.  Survey conditions were fair, with overcast skies, sea state Beaufort 1-3, and visibility ranging from 0-5 km.  Low ceilings and snow showers precluded survey effort in most of the study area.  Ice cover was 0-50% broken floe.  Bowhead whales were seen in the eastern half of Block 1.  One unidentified pinniped was also seen.   
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	Figure
	Figure C-8. -- Flight 7 survey track, depicted by sea state, and all sightings. 
	20 September 2010, Flight 235 
	 
	Flight was a transect survey of Block 12, flown by the COMIDA aircraft and team based out of Barrow.  Survey conditions were fair, with overcast skies, sea state Beaufort 2-4, and visibility from 0-3 km.  Extensive haze and low ceilings precluded survey effort in the remainder of Block 12.  No ice was present in the area surveyed.  Bowhead whales were seen between Smith Bay and Pt. Barrow, including one group of 21 feeding whales.  Two gray whales were seen west of Barrow, feeding.  One unidentified pinnipe
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	Figure
	 
	Figure C-9. -- Flight 235 survey track, depicted by sea state, and all sightings. 
	21 September 2010, Flight 8 
	 
	Flight was a transect survey of portions of Blocks 4, 5, and 6.  Survey conditions were fair, with overcast skies, sea state Beaufort 2-5, and visibility ranging from 0-10 km.  Low ceilings and snow showers precluded additional survey effort, particularly in Block 5 where only very short sections of transect extremely close to shore were possible.  Ice cover in Block 1 was 0-50% broken floe; there was no ice in other areas surveyed.  Bowhead whales and unidentified cetaceans were seen very close to shore ne
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	Figure
	 
	Figure C-10. -- Flight 8 survey track, depicted by sea state, and all sightings. 
	22 September 2010, Flight 9 
	 
	Flight was a transect survey of portions of Blocks 4 and 5.  Survey conditions were fair, with overcast skies, sea state Beaufort 2-3, and visibility ranging from 0-10 km.  Low ceilings and snow showers precluded additional survey effort, such that only very short sections of transects were possible in both Block 4 and 5.  There was no ice in the area surveyed.  Bowhead whales and unidentified cetaceans were seen very close to shore scattered between Demarcation Point and Flaxman Island.  Unidentified pinni
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	Figure
	 
	Figure C-11. -- Flight 9 survey track, depicted by sea state, and all sightings. 
	24 September 2010, Flight 10 
	 
	Flight was a transect survey of portions of Blocks 1, 2, 5 and 7.  Survey conditions were fair, with partly cloudy or overcast skies throughout the study area.  Sea state in Blocks 5 and 7 was Beaufort 2-6, with visibility ranging from 3-10 km.  High sea states offshore prevented transects from being completed.  Sea state in Blocks 1 and 2 was Beaufort 1-3, and visibility ranged from 0-10 km.  Low ceilings precluded additional survey effort offshore.  There was no ice in Blocks 2, 5 and 7; ice cover in Bloc
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	Figure
	 
	Figure C-12. -- Flight 10 survey track, depicted by sea state, and all sightings. 
	29 September 2010, Flight 11 
	 
	Flight was a search survey of nearshore areas in an attempt to find an area suitable for transects.  Survey conditions were very poor, with low ceilings and high sea states (Beaufort 5-8).  Visibility ranged from 0-10 km.  Ice cover in was 0-30% broken floe.  There were no sightings.  
	 
	 
	 
	 
	 
	 
	Figure
	Figure C-13. -- Flight 11 survey track, depicted by sea state. 
	30 September 2010, Flight 12 
	 
	Flight was a transect survey of portions of Blocks 5 and 7.  Survey conditions were fair, with partly cloudy or overcast skies throughout the study area.  Sea state in Blocks 5 and 7 was Beaufort 2-6, with visibility ranging from 3-10 km.  Low ceilings offshore prevented transects from being completed.  Ice cover was 0-20% broken floe and grease ice.  Bowhead whales were seen in Blocks 5 and 4 (during search survey back to Deadhorse).   Unidentified pinnipeds were scattered throughout the area surveyed; one
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	Figure
	Figure C-14. -- Flight 12 survey track, depicted by sea state, and all sightings. 
	1 October 2010, Flight 13 
	 
	Flight was a transect survey of Block 12.  Survey conditions were good, with partly cloudy or overcast skies.  Sea state was Beaufort 0-2 nearshore and in bays where new ice was forming, and Beaufort 3-6 offshore.  Visibility varied from 5-10 km.  New ice was forming in shallow bays, and there was no ice seaward of the barrier islands.  Bowhead whales, including one calf, were seen north of Smith Bay.  One unidentified pinniped was also seen.   
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	Figure
	Figure C-15. -- Flight 13 survey track, depicted by sea state, and all sightings. 
	7 October 2010, Flight 14 
	 
	Flight was a transect survey of portions of Blocks 3 and 11.  Survey conditions were good, with partly cloudy or overcast skies.  Sea state was Beaufort 0-2 nearshore and in bays where new ice was forming, and Beaufort 3-6 offshore.  Visibility varied from 0-10 km.  New ice was forming in shallow bays, and there was no ice seaward of the barrier islands.  One unidentified cetacean (probable bowhead whale) was seen in Block 11.   
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	Figure
	 
	Figure C-16. -- Flight 14 survey track, depicted by sea state, and all sightings. 
	8 October 2010, Flight 15 
	 
	Flight was a transect survey of portions of Blocks 1, 2, 3, 4, 6 and 11.  Survey conditions were fair, with partly cloudy or overcast skies.  Sea state was Beaufort 1 nearshore and inside of barrier islands where new ice was forming, and Beaufort 2-7 offshore.  Visibility ranged from 0-10 km.  Transects were truncated around areas of high sea states and impaired visibility.  New ice was forming in shallow bays, and there was no ice seaward of the barrier islands.  One bowhead whale and two unidentified pinn
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	Figure
	Figure C-17. -- Flight 15 survey track, depicted by sea state, and all sightings. 
	9 October 2010, Flight 16 
	 
	Flight was a transect survey of portions of Blocks 1 and 2.  Survey conditions were good, with partly cloudy or overcast skies.  Sea state was Beaufort 0 nearshore and inside the barrier islands where new ice was forming and Beaufort 1-5 offshore, with visibility ranging from 0-10 km.  Transects were truncated around areas of high sea states and impaired visibility.  Broken floe and new ice were present nearshore, from 0-90%.  One bowhead whale, one bearded seal, and one unidentified pinniped were seen.  Si
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	Figure
	Figure C-18. -- Flight 16 survey track, depicted by sea state, and all sightings. 
	10 October 2010, Flight 17 
	 
	Flight was a transect survey of Block 12.  Survey conditions were good, with partly cloudy or overcast skies.  Sea state was Beaufort 0 nearshore and inside the barrier islands where new ice was forming and Beaufort 1-5 offshore, with visibility ranging from 0-10 km.  Snow squalls were frequently encountered, which impacted overall survey effort.  New ice was present nearshore.  Bowhead whales were seen north of Smith Bay and Dease Inlet, and one bowhead whale was near the north edge of Block 12.  Whaling b
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	Figure
	Figure C-19. -- Flight 17 survey track, depicted by sea state, and all sightings. 
	11 October 2010, Flight 18 
	 
	Flight was a transect survey of Blocks 3 and 11.  Survey conditions were good, with partly cloudy or overcast skies.  Sea state was Beaufort 0 nearshore and inside the barrier islands where new ice was forming and Beaufort 1-6 offshore, with visibility ranging from 1-10 km.  New ice was present nearshore, from 0-90%.  Belugas were seen in the northwest corner of Block 11. 
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	Figure
	 
	Figure C-20. -- Flight 18 survey track, depicted by sea state, and all sightings. 
	15 October 2010, Flight 19 
	 
	Flight was a search and deadhead survey of Blocks 1 and 2 in an attempt to find an area suitable for transects.  Survey conditions were very poor, with low ceilings and very high sea states (Beaufort 8).  Visibility ranged from 0 to <1 km.  There were no sightings.  
	 
	 
	 
	 
	Figure
	Figure C-21. -- Flight 19 survey track, depicted by sea state. 
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	APPENDIX D:  GLOSSARY OF ABBREVIATIONS, ACRONYMS, AND INITIALISMS 
	 
	AEWC Alaska Eskimo Whaling Commission 
	AFSC Alaska Fisheries Science Center 
	ANOVA analysis of variance 
	BLM Bureau of Land Management 
	BOEMRE Bureau of Ocean Energy Management, Regulation and Enforcement 
	BWASP Bowhead Whale Aerial Survey Project 
	CI confidence interval 
	e.g. for example 
	ESA Endangered Species Act 
	FR Federal Register 
	GPS Global Positioning System 
	hr  hour 
	i.e. that is 
	IBCAO International Bathymetric Chart of the Arctic Ocean 
	km kilometer 
	m meter 
	Max maximum 
	MMPA Marine Mammal Protection Act 
	MMS Minerals Management Service 
	Min minimum 
	n sample size 
	NEPA National Environmental Policy Act 
	NOAA National Oceanic and Atmospheric Administration 
	NOS Notice of Sale 
	NMFS National Marine Fisheries Service 
	nm nautical mile 
	NSB North Slope Borough 
	OAS Office of Aircraft Services 
	OCS Outer Continental Shelf 
	OCSLA Outer Continental Shelf Lands Act 
	P probability 
	RDI Resource Data Incorporated 
	s second 
	SAIC Science Applications International Corporation 
	SD standard deviation 
	SPUE sightings per unit effort (sighting rate) 
	TrSi transect sightings 
	USC U.S. Code 
	USDOC U.S. Department of Commerce 
	USDOD U.S. Department of Defense 
	USDOI U.S. Department of the Interior 
	WPUE whales per unit effort (index of relative abundance or occurrence) 
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