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ABSTRACT

A systematic aerial survey of the southeast Beaufort Sea was conpleted
between Septenber 07-14, 1986. Favorable weather allowed for nost of the
area to be surveyed under optimal conditions. Forty-two bowheads were seen
on-transect, and a total of 100 were seen off-transect and on reconnai ssance
flights. The estimated nunber of bowheads in the region at the time of the
survey was 2590 (59% of the estimated population). Percent calves in the
on-transect sanple was 4.7%

Wth few exceptions, bowheads observed during Septenber were congregated
in three areas: in Yukon coastal waters, primrily between Kay and Shingle
points; in Mickenzie Bay, at the interface between the Mackenzie River plune
and clear/cold ocean water; and in an area approximately 100 km of fshore of
t he Tuktoyaktuk Peninsula between MKinley Bay and Cape Dalhousie. One bowhead
was observed on-transect in the central portion of the study area which
enconpassed the hydrocarbon exploration zone. There were two active offshore
drilling sites, each with vessel and aircraft support, during Septenber 1986.

The apparent age, behaviour, and habitats where bowheads were observed
-varied among the three congregation areas, and indirect and/or direct evidence
of feeding was noted in each. Since the number of bowheads estimated for the
region was conparable in both late August (another study) and Septenber,
and bowhead nmovenments during Septenber showed no net directionality which
could be equated with mgration, a large-scale novement of bowheads from the
sout heast Beaufort probably did not begin until after the Septenber survey
was conplete. Substantial nunbers of bowheads were probably still present
in the MKinley Bay/ Cape Dalhousie congregation area until at |east Septenber
23;°1986, as many were seen on that date during a separate study of seal
distribution. Bowheads were congregated near King Point until at |east”
Cctober 03, 1986, although the nunber seen there was considerably | ower
than-that-in early.-September.

_“:Further analysis and interpretation of the September survey data will - i
..be :iné_iﬁdéd in ESL's report to ESRF for the August bowhead survey.and photo-
grammetry work (Ford et al., in prep). The survey findings will also be
di scussed in LGL's report to DIAND for the Bowhead Food Availability Study
which was conducted at the same time as part of this Septenber survey
(Bradstreet et _al., in prep).
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| NTRCDUCTI ON

The western Arctic popul ation of bowhead whal es (Balaena mysticetus)
winters in the Bering Sea, and mgrates annually to summering areas in the
Beaufort Sea and Amundsen Qulf. The nost recent estimate of the popul ation
size is 4417 (IWC 1986). Prior to commercial exploitation, however, the
popul ation has bheen estimated to have contained 14,000 to 26,000 individuals
(Breiwick et_al . 1981).

From | ate June through Septenmber and Cctober, the bowhead popul ation
summers within and mgrates through areas of the Beaufort Sea which coincide
with offshore oil and gas exploration activities. The potential effects of
these activities on the bowhead population is an area of concern, and for
this reason, an extensive research effort has been directed toward the
bowhead since 1980. This report describes one of many projects conducted
in 1986 as part of this research effort.

Systematic aerial surveys were conducted in the southeast (Canadian)
Beaufort Sea during both late August and early-md September in all vyears
from 1980 to 1985. The surveys were designed to nonitor bowhead distribution
relative to hydrocarbon exploration activities, and were funded by industry

(1980-82) and ESRF (1983-85). 1In 1986, ESRF funded the |ate August survey
and concurrent photogrammetry, while"MMS and DIAND together funded t-he
Septenber survey. The main objectives of the latter were to:

monitor the distribution of bowheads in the southeast
Beaufort Sea during early-md September, thereby providing
~a data base for conparison of bowhead distribution patterns

-within 1986, anong years, and with respect to industry

ST --- activities .and oceanographic features, and,

1

‘="provide infgrmtion which, together with results of the
ESRF August survey and surveys in the Al askan Beaufort,
coul d be used to docunent the timng and |ocation of the

L .. .. 1986 bawhead fall migration through Al askan waters. .

. Lensusing --seél~§~incidentélly to the bowhead search was a further bbjeétiVé;

..".since -the survey was coordinated with the senior author’s concurrent M.Sc.

project on ringed seal distribution.
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Reporting of the survey results began with verbal comunication of
sighting locations to DIAND, Donme Petrol eum Ltd., ESL, LGL Ltd., MVS and
NOSC, and then circul ation of rough maps depicting this same information.
This report represents the final communication of results under the survey
contract, and is intentionally descriptive and brief. Further analysis and
interpretation of the survey data is being undertaken by ESL (Ford et al.
in prep), to allow integration and discussion of results with that fromthe
August bowhead survey and photogrammetric flights, and with bowhead sightings
made during 1986 seal surveys. In addition, the information fromthe
September survey will be included in LGL's report to DIAND describing the
Bowhead Food Availability Study (Bradstreet et al., in prep). The latter
involved a large-scale and systematic sanpling program for zooplankton and
other oceanographic features in the region during late August and Septenber
1986.

METHCDS

Survey Design

The study area extended from the Al aska-Yukon border (141° W |ongitude)
to west of Cape Bathurst (127°20' W), and fromthe 2 m isobath seaward to
25 km beyond the shelf break, except between 141° Wand 138° M where the
seaward boundary was 70°20" N latitude (Figure 1). The survey was conducted
from Septenber 07-14, 1986, and coverage was approxi mately 10% Twenty-four
north-south transect lines were surveyed, using a strip transect nethod
(Eberhardt et .al, 1977) and a transect width of.2 km  Transect positioning ----
along lines oF'ilongitLjde and the transect width used were consi stent with
past -surveys in the series. ' --

The study- area was stratified te facilitate ESL's conpar| son of . SeBtember

. bowhead -densities with, thase from August 1986 and past “years. The stratum .. .
" boundaries were the”sane as ‘those established in 1981 (Davis ¢~ 1982"), i
and used in subsequent years (Yukon, “Delta; Tuktoyaktuk Peninsula *Tuk Pen'

zones, Figure 1).

Reconnai ssance flights were conducted over Yukon coastal waters and
Mackenzie Bay on Septenber 07 and Cctober 03, 1986.
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Survey Procedures

Al surveys were conducted froma Series 200 de Havilland Twin Ctter
(C-GNTA) based out of Inuvik, NWI, and chartered from Kenn Borek Air Ltd.
Two primary observers were present on each flight, and each searched through
bubbl e windows installed at the second rear seat positions behind the
cockpit.  Continous and visual searches were conducted during surveys of
all transects, and on flights between consecutively flown transects and
all ferrying flights over marine areas. Sightings nmade by the primry
observers within the prescribed transect width were designated as on-transect,
while those outside the strip, on connecting legs, and those made only by
the third observer (Septenber 10 and 14) and pilot were designated as
of f-transect.

Survey altitude for the systematic coverage was either 152 m (49%
of the area surveyed) or 305 m(51%, and was dictated on the basis of
ceilings and sea state. Planned survey speed was 200 km'h, although nean
speed along the specific transects ranged from 189-226 kmh due to effects
of wind. Reconnaissance flights were conducted froman altitude of 305 m
at cruise speed (250-260 kmh ). Surveys were not attenpted or were ter-
mnated if there was cloud below 152 m fog, or if sea state exceeded 5
on the Beaufort Scale of Wnd Force. Transects where survey conditions
were consi dered |ess than adequate are indicated on the bowhead distribution
map (Figure 2, Results) with a dashed line, and were not used in the
cal culation of bowhead densities.

The aircraft was equipped with a Collins LRN-70 for navigation, and
a radar altineter for monitoring and maintaining survey altitude. An__
iritercom system was used to maintai ncommunication between pil ot and :
observers on all flights. Flight paths are depicted in Figure 2 (Results)
as straight transects following |ine-s of longitude, but should be interpreted
as an approximation (+.2 km of the actual route flown since aircraft

headi ng ‘nust constantly be, gdjﬁStedv'_dt;re; £0 the ‘effects of ' rrosswinds.

bservers” recorded information on all whales,.seals and po-lég.“: bears -
sighted during the surveys,’ with bownead whal es being the-priority when.
more than one species was present. Chbservations were recorded onto audio
cassette tapes, and later transcribed to standardized data sheets. \Whenever

possible, the followng information was recorded:
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o pecies
e |ocation of sighting (noted off navigation systen
e time of sighting
e nunber of 1ndividuals
“di stance between individuals and group organization
® degrees from horizontal (see below)
e age, on basis of colour, relative size, and behaviour
® apparent behaviour
edirection and relative rate of novenent
-presence of nud trails, feces, seabirds
Qbservers also recorded information on weather (wind, fog, precipitation),
wave direction, seastate, water colour, oceanographic fronts, type and

concentration of ice, and the presence of debris slicks or accunmulations.

A “group’ of bowhead whales was defined as two or nore whales within
cl ose physical proximty (¢ 5 whale lengths), or two or nore whal es noving
in the same direction and/or engaged in the same apparent activity within
approximately 500 m A group of whales, or a solitary whale, constitute a
‘sighting’. Calves were distinguished on the basis of size (approxinately
half the Iength of an adult), and colour (calves light gray in colour and
adults black). Wile inmmature animals (non-calf) are also black, they too

are smaller than mature-adults’, and lack the characteristic white markings ‘-" --

on peduncle, back and rostrum of mature animals. Therefore, it was also
possible in sone instances to estimate if an animal was an immture or a
mature adult. The visual technique generally limts scrutiny of bowheads

W th respect tocolour,relaivesizeand markings to sightings on the

inner half of the transect. Consequently, the numper of calves and inmature
animals identified in the sanple was undoubtedly underestimated.

Suunto PM-5/360S inclinometers wére used to measure the angle of
depression fromhorizontal of each sighting when-the whal e(s) was abeam
of the aircraft. This angle and survey altitude were then-used to calculate
the approximte distance of a sighting fromthe center line of the transect,
and therefore whether it was on- or off- t‘f’ansect

~Sighting |ocations were determined bywrecorclng Coordmates off the
navi gat|on system at the time of the sighting. Synchrodized digital watches
were used to record the actual time of the sighting. This information was
used as a back-up procedure for plotting sighting locations, and for cal-
culating mean plane speed along each transect.

“



Data Anal ysis

‘

This study was not designed or intended to provide an accurate estinmate
of the nunmber of bowheads present in the study area, but rather to exam ne
general trends in distribution and relative abundance. Accurate estimation
of actual nunbers would require (1) a priori know edge of bowhead distribution
in order to stratify the study area into blocks where bowhead densities were
simlar, (2) study-specific estimation of the tinme that 'towheads spend at the
surface to correct for submerged bowheads that were therefore 'undetectable, and
(3) study-specific estimtion of the number of surfaced bowheads m ssed by
observers to correct for within and among observer differences in ability,
alertness, and experience. As outlined below, abundance during the survey
has been estimated to allow conparison of nunbers between August and Septenber
1986, but these estimates should be interpreted in the broad sense intended
given limtations of the procedure.

Bowhead densities were calculated for each zone, using the follow ng
formil a:

zone density. # of on-transect bowheads
transect length x transect wdth

Zone densities were nultiplied by the area of the zone to obtain an un-
corrected estinate of the number of whales present. The size of each
zone was determined froma 1:500 000 Mercator projection chart. The
east and west boundaries were the longitudes |ocated 10 kmto the east
and west of the first and last transects surveyed, respectively. The
southern boundary was the 2 m isobath, and the northern boundary the
nost northerly point on the transect.. Island and shallow water (<2 m
areas were then subtracted fromthe total.

Estimates are nost precise when densities within a stratum are simlar,
and this condition was not net in Septenber 1986 -(-whale distribution
clunped, see Figure 2, Results). Nevertheless, estinmates based on arbitrary
strata tend to be nore precise than estimates produced from unstratified
sanpl i ng (Caughley 1977). Further, Oguss and Robertson (1985) concl uded
that differences in estimted bowhead densities using transect segnents
as strata would be small (e.g. 10% in conparison to the larger sources
of error associated with the survey technique used in 1986 and past surveys
in the series.
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The uncorrected estimtes of bowhead abundance were then corrected for
surfaced whales mssed by observers (counts nultiplied by 1.46), and for
whal es submerged during the passage of the survey aircraft (counts nultiplied
by 3.165, 4.505, or 7.812, depending on water depth where they were observed).
These factors were adopted from Davis et (1982) and wWursig et _al. (1985),
respectively. The applicability of these factors to whale surfacing behaviour,
observers, and observation conditions in 1986 is not known, but is expected
to be reasonable if the resulting estimates are interpreted as general
indicators of trends in relative abundance only. A detailed discussion of
the derivation of these factors and the linmtations associated with applying
them to 1986 survey results will be included in gSL's report for the August
survey (Ford et al., in prep). The latter will also present an analysis of
bowhead distribution according to habitat type, and how habitat can further
influence the interpretation of bowhead densities calculated for both the
August and Septenber 1986 bowhead surveys.

Seal Surveys

Local i zed and systematic surveys were also conducted off the Tuktoyaktuk
Peninsula (August 21 and Septenber 23) and over Mackenzie Bay (Septenber 05),
as part of the concurrent seal project. Bowheads were observed during each
survey. Survey design and procedures were simlar to that” used in the
bowhead surveys, except that seal surveys were always conducted from an
altitude of 152 mand using a transect width of 400 m per side. Bowhead
sightings made during the seal surveys will be presented in Ford et al.

(in prep), but are referred to in the follow ng discussion where useful
for interpretation of Septenber survey results.

RESULTS AND DI SCUSSI ON

* The survey was conducted on Septenber 07, 138, 10 and 14, 1986. It was
conpleted in the planned west to east progression, and with minimal gaps
in tenporal coverage as the result of particularly favorable weather. Survey
conditions were ‘excellent’” for transects 1-8 and 11-18, ‘inadequate’ for
transects 9-10, and varied from ‘poor-good’” for lines 19-24. Mst of the
surveyed area (99.3% was ice-free. Two industry sites were active in the
of fshore during the survey, and both were |ocated seaward of Kugmallit Bay
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near 70° N latitude (Figure 2). Each site had a drilling platform a conple-
nent of supply and support vessels, and helicopter activity associated with it
(Norton and MDonald, in prep).

In total, 42 bowheads (33 sightings) were seen on-transect, and nine
(eight sightings) wereseen of f-transect. An additionalA90 bowheads were
seen during reconnaissance flights on Septenber 07 (Figure 2) and on Cctober
3 (Figure 3). Sightings made during reconnaissance flights were not
necessarily distinct, nowever, since some of the whales may have been included in
the systematic coverage or during a return reconnai ssance flight. A further
34 bowheads were seen during seal surveys on August 21, Septenber 05, and
Sept enber 23.

Bowhead Abundance and Percent Calves in Sanple

For each stratum Table 1 lists the area surveyed, size of stratum
bowhead densities therein, and uncorrected and ‘corrected” estimtes of
bowhead abundance. Appendix | lists all bowhead sightings from the
systematic coverage, along with sighting location, on- or off-transect
designation, and estinmated age.

The total nunber of bowheads estimated for the region during the
Sept enber 1986 survey was 2590, or 59% of the popul ation based on the
IWC (1986) estimate for population size. This estimte corresponds closely
with the nunber estimted for the region during late August (58% see Ford
et al., in prep), suggesting fall migration fromthe region did not begin
until after the conpletion of the Septenber survey. The fact that the
percent estimates for August and September'turrespcrnd so closely 'sh'oul'd -
be''Interpreted in view of the limitations of. the’ abundance estlmatmn :
protedure descri bed earlier .(Data Analysis, Methods).

Of the 42 bowheads seen on-transect, two were calves. . One was'scl'itary
~.(ustattended) at the »surface and tbe..o’eher; mteractmg wrth one -adult. at

- -thesurface, a-ﬂd a ‘l':hII‘d whale (an’ adult) was in close- assoclatmn "F‘ﬁéf_‘

prooortlom of ¢alves in the on- transect -Septemb&f sample was 4.7%. , -
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TABLE 1

ABUNDANCE OF BOAHEAD WHALES I N THE SOUTHEAST BEAUFORT SEA,
SEPTEMBER 1986

ZONE AREA SIZE OF # OF BOMHEADS BOWHEAD UNCORRECTED CORRECTED
SAMI;]EED ZOQE ON- TRANSECT DENSI TY ESTI MATE ESTI MATE
(kmey (km) (#/1000 krﬁ) OF ABUNDANCE OF ABUNDANCE
Yukon 1423.1 14,218.2 10 7.02 100 481. 8
Delta 1804.6 18, 356. 4 7 3.88 71.2 408. 8
Tuk 2926.9 29, 380. 3 25 8. 54 250. 9 1699. 4
Pen

TOTAL 6154.6 61,954.9 42 422.1 259U
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Distribution, Mvenents, Behaviour and Habitat Associ ations

During Septenber, bowheads were congregated in threeareas (Figure 2);
(1) inYukon coastal waters, primarily bet ween Kay and Shingl e points,
(2) inMackenzieBay, at t he edge of the Mackenzie River plume (’Interface’)
approxi mately 40-60 km seaward of Shingle Point, and (3) in an area 100 km
of fshore of the Tuktoyaktuk Peninsula between MKinley Bay and Cape Dalhgusie.
The apparent age structure and behaviour of bowheads varied anong the three
areas, as did the habitat in each area and the other species which occurred
there also. Each congregation area is discussed separately below, while
a discussion of bowhead distribution in the area of hydrocarbon exploration

activity is provided in Ford et alin prep).

Area (1)~ Yukon Coast

In 1983, 1984 and 1985 surveys, bowheads were congregated within 1-3
km of the Yukon coast, primarily between Kay and Shingle points (McLaren
and Davis 1985; Harwocd and Borstad 1985; Duval 1986). In sone years,
nearshore waters at Komakuk Beach were also frequented by relatively large
nunbers of bowheads. In Septenber 1986, bowheads again congregated in -
Yukon coastal waters; nearshore waters at King Point appeared particularly

" inportant this year.

R. Barnes (DFQ, Inuvik, pers. comm.) reported having seen 250 bowheads
along the Yukon coast during an August 15 reconnai ssance flight for white
whales. Few were seen in this area during late August systematic surveys
(Ford_et_al. in prep), but by early Septenber, bowheadswereagainfound
congregated in this area (Figure 2). (Observed direction of bowhead movement
in this area ranged from N (3 sightings), S (2 sightings), SE (2 sightings),
to E (1 sighting). Purposeful mgratory novements or net directionality were
not apparent; novements were generally slow, and many of the whales were
perceived as mlling.

Two reconnai ssance flights over this-area on Sept enber 987 confirned
findings and trends seen during the systematic coverage. During @ westbound
flight, ~50 whales were counted between Shingle and Kay points, wth about
30 of these within 1 kmof shore at King Point. Later that day, a further
~20 whal es were seen off Shingle Point during an eastbound flight and Wth
binoculars from the Shingle Point airstrip while stopped to refuel the plane.
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The area was surveyed again on Cctober 03 (Figure3). Three whal es
were observed on the westbound track 3-4 km from shore near King Point, and
two were Seen off the northwest COASt of Herschel Island just prior to the
aircraft turning for the return flight. The eastbound return track was
closer to shore, and 15 bowheads were counted within 1 km of the shore at
Kay Point (1 whale) and between Stokes and King points (14 whal es). None
were seen near Shingle Point on this flight. Fast ice first appeared in the
Yukon coast area and near Herschel Island within a week of this survey
(Ice Forecasting Central, Environnent Canada, OQttawa, Canada; pers. comm.)

During all survey visits to the Yukon coast, whales appeared to be
feeding; a conplex system of fronts was seen here and overflown twice on
Septenber 07 (off Shingle Point). \Wales were concentrated at sone of the
frontal areas. One whale was observed defecating. Individuals close enough
to the flight path for scrutiny did not have the characteristic white markings
on peduncle or backs. No calves were seen in this area. Ringed seals were
conmon, and were nost often seen in association wth bowheads near King Point.

Area (2)- Interface

The term ‘“Interface’ is used to describe the area in Mckenzie Bay
where the Mackenzie River plume neets the clear, cold and higher salinity
ocean water. |n sone areas, this interface is gradual and diffuse, while in
others it is exceptionally distinct. During the surveys, a distinctly visible
interface was found parallel to transect 8 (between 69°20" and 69030') and
bisecting transect 9 (at 69035"). Bowheads congregated in this area in
Septenber 1986, as was al so noted during 1984 and 1985 surveys. The Interface
was surveyed twice during Septenber and once in Cctober in 1986.

On a Septenber 05 seal survey, 12 bowheads were seen in the area,
all of which were observed at the Interface (both |andward and seaward
sides) or at adjacent frontal areas. On the September 07 bowhead survey,
SiX-were seen on-transect at the Interface parallel to transect 8, and all
were positioned along the seaward edge of the front. Whal e novenents in
the area showed no net directionality, and ranged fromN S, to SW(1 on-
transect sighting each). Wales were observed circling, producing nud trails,
darting, and positioned along fronts, and again, noted as w thout markings
on peduncle, rostrumor back. No bowhead calves were seen in this area, and
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seals were not seen in association with whales during the systematic coverage.

Neither whales nor a distinct Interface were found in this area during
the Cctober 03 reconnaissance flight (Figure 3). Areas influenced by the
Mackenzie River plume (nuddy water) were beginning to freeze at the time of
the survey, and by the second week of COctober, fast ice had formed (Ice
Forecasting Central, Environnent Canada, Qttawa; Canada; pers. comm.).

Area 3- O fshore MKinley and Dalhousie

Bowheads were congregated approximately 100 km of fshore of the Tuk-
toyaktuk Peninsula, between MKinley Bay and Cape Dalhousie (at 70°50’
71010") during the September survey. O all the areas sanpled in 1985, the
density of bowheads there was the highest. If a 3000 kn’ rect angle centered
over the bowhead congregation is considered (between transects 19 and 22,
and 70°50" - 71010"), the density of whales therein was 70.8/1000 kn’.
Extrapolation and correction of this density produces an estimate of 1300
bowheads for this particular area. (Comparable numbers were probably
still present inthisareaduri ng the Septenber 23 seal survey, although
mar gi nal survey conditions on that day nust also be taken into account
when interpreting bowhead estinates).

The water in the McKinley-Dalhousie congregation area was clear,
homogeneous with respect to colour, and ice-free. No obvious frontal
areas were noted. \hales that could be scrutinized at close range were
on occasion perceived as larger than whales seen in the western congregation
areas, and some had white markings on rostrum peduncle and back. The two

calves seen during the survey were in this area.

T Direction of whale movement was again variable: 1 sighting was moving
N, "L was noving---S, 4 sightings had a westerly conponent (SW NW and 4
sightings had an easterly conponent (E, SE NE). Fluking up (indicative

e of 2 ‘deep-dive) and surfacing almest vertically (nose first) were noted,
. ¢ .suggesting the. whales ‘were diving to depth. Water in this area ranges from
. 40-50 m in depth. Ringed and bearded seals were conmon in the area, and

seen in association with bowheads and seabirds. The abundance and behavi our
of whales, seals and seabirds in this area suggest it was a highly productive
one.
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APPENDIX |
l BOWHEAD WHALE SIGHTINGS DURING SYSTEMATIC SURVEY
IN THE SOUTHEAST BEAUFORT SEA, SEPTEMBER 1986
. Latitude Long itude Number Agexx Heading Seastate’ Date
(°n) (Sw)* (on/off trans) (09/86)
' 69 21.3 138 37.0 1 (on) A S 1 07
69 10.2 138 06.6 2 (off) A ? 2 07
§9 08.7 138 06.5 1 (off) A ? 2 07
' 69 03.0 137 34.7 1 (on) A N 3 07
69 06.5 137 34.7 1 (on) A SE 3 07
69 06.5 137 34.7 1 (on) A SE 3 07
I 69 06.5 137 34.7 1 (on) A s 3 07
69 10.7 137 34.7 1 (on) A s 3 07
59 0Z.1 137 34.7 1 (on) | N 3 07
69 06.4 137 34.7 1 (on) | E 3 07
' 69 06.6 137 34.7 2 (on) A N 3 07
69 29.4 137 02.8 2 (on) A NE 1 07
69 27.4 137 02.8 2 (on) A s 1 07
l 69 26.5 137 02.8 1 (on) A ? { 07
69 19.8 137 02.8 1 (onR A SW 3 Q7
69 04.1 137 02.8 1(off) A ? 2 07
70 11.9 134 57.2 1 (on) | Sk 1 10
' 71 03.0 131 17.2 1 (on) | NE 4 14
71 04.5 131 17,2 2 (on) A N&NE 4 14
71 04.2 130 46.1 1 (off) A N 5 14
l 71 01.2 130 46.1 1 (off) A s s 14
71 01.3 130 46.1 1 (off) A W 4 14
71 06.4 130 46.1 2 (on) A W 5 14
70 40.0 130 46.1 1 (off) A ? 5 24
. 70 57.7 130 14.9 1 (mn) A S 5 14
71 00.8 130 14.9 1 (on) A SE 5 14
71 Q4.4 130 14.9 1 (on) A NW 5 14
l 71 06.4 130 14.9 1 (on) A s 5 14
71 08.8 130 14.9 1 (on) c NE 5 14
71 11.0 130 14.9 1 (on) A E 5_ 14
‘o 71 08.8 130 14.9 1 °(on) A W 5 14
l 71 08.8 130 14.-9 2 (on) A W 5 15
. 71 08.6 “ 7129 42.1 < 1 {&n) A wo 4 W
71 08.0 -129 42.1 1 (an) A s 4 TN
' 71 31.9 129 42.1 1 “(off) A 2 3 14
: 71 08.1 129 42.1 3 “(on) 24, 1C SW 4 14
S 70 54.2 129 42.-1 < “2 (on-). A 5 _ b <14
[ 70 45.4 7128 39.9 - 1 (on) I .. SE-. 5 L4
l 70 w5.1- <~ - 128 39:9 1-{on) . I M- 5 .. I 34
bl “_70 57.5 128 39.9 1 (on)’ A g 5. iy
'-1 71 26.9 128 39:9 -- 1 {on) A ‘5 T2 VA
* Longitude of Transect, sighting location may vary due to
effects of wind on actual flight path (see Methods)
' ** A-Adult, (I-Immature, C-Calf; if detectable)
+ Beaufort Scale of Wind Force
l at time of sighting



