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Abstract

A full-scale, double-platform aerial survey for Anttic minke whalesBalaenoptera bonaerensis) was conducted in East Antarctica in the 2009/(isiral
summer. The survey targeted polynyas within paekdietween 93° and 113°E between mid-December, &td@arly February, 2010. The aim of the aerial
survey was to collaborate with a concurrent IWC-SERWoyage surveying north of the ice edge, andliec environmental information to study the
distribution of minke whales within pack-ice enviroents. The 2009/10 aerial survey was conductéué@e phases: first phase repeated a survey diesign
the previous summer period, based in and aroundeviimes Bay; the second phase moved survey efferttothe Shackleton Ice Shelf and the Davis Sed; a
the final phase repeated the Vincennes Bay subugyalso extended transects around 40 nm northea$éa ice boundary. In total, 4,923 nm of effasw
achieved, covering around 55,559%whsurvey area. Across the entire survey periedetfivere 24 on-effort sightings (34 individualsyihke whales; 5
sightings (5 individuals) of ‘like’ minke whalesnd 5 sightings (5 individuals) of minke whales atved off-effort. Other species sighted were killdrales,
southern right whales, sperm whales, southerndsuttle whales and a number of sightings of unkngeniss.

Although no direct overlap in space and time wasea@d between the aerial survey and the IWC-SOW@®&Rge, there was around 11,900 mverlap where
both programmes surveyed within 14 days of eacbroth

I ntroduction

Progressing from a successful small-scale (or)pdletial survey focussing on Antarctic minke wha®e aenoptera

bonaerensis) in east Antarctica during the 2008/09 summessedKellyet al. (2009); SC/61/IA3Y) another aerial survey,
extended across a broader range of longitude (ippately 20°), was undertaken in the 2009/10 surrsaason. Including a a
series of survey test flights flown near Caseyiatan the summer of 2007/08 (Kelly al. (2008); SC/60/IA4), this was the third
summer season in a row that aerial surveys for enwnkales in east Antarctica were attempted/conblete

The aims of this large-scale aerial survey werestiiee as those reported for previous years (i.elleMet al. (2007);
SC/59/I1A2). Debates concerning conventional lim@sect estimation methods aside, the Scientificr@ittee of the IWC has
noted an apparent decline the abundance estintat@sifarctic minke whale between the second arrd tircumpolar
IDCR/SOWER ship-based surveys. One theory, repint&lanch (2006; SC/58/1A4), suggests that chamgése ice edge
boundary each year, and changes in the numbemddemvhales present in the pack-ice beyond this dhayn could be
responsible for the differences in abundance estgnaf whales in open water. In other words, ctldate be more minke whales
within pack-ice (and open areas within pack-icd)eve the research ships can't search? The aenadysprogramme aims to
estimate relative abundance of minke whales in figeland also in adjacent open water to test tyotinesis. Our survey
programme also aimed to collect environmental ditag side whale distribution data in order to gtpeck-ice habitat
relationships. In the 2009/10 summer season, ttial aervey programme was also able to collabordtie the IWC-SOWER
voyage that was operating in open water to thehnairthe aerial survey study area.

! This small-scale aerial survey (using fixed-wingmft), involved a total on-effort length of 2@7Am, covering an area of 17,6687 ielding sightings of
approximately 76 individual Antarctic minke whal@sother 27 individuals were of unknown speciesg (sellyet al. (2009; SC/61/IA3) for more details).



SC/62/1A8

General study area

<?

90PW 90 E

\
9 Minke Whale
3 Research Area

180
Figure 1 Aerial survey research area for 2009/10 sumer season.

A number of factors, both operational/logisticatl@nvironmental, influenced the decision as to wherextend the 2009/10
survey area from that covered in the 2008/09 sunseason. Operationally, the aerial survey was nedfto operating from
skiways with fuel depots. Within areas of coastlagacent to the 2008/09 survey extent, this lithgervey bases to two
locations: Casey station (66° 16.32’S 110° 31.6%E) a summer camp maintained by the Australiamwtit Division at
Bunger Hills (66° 10’S 100° 53'E), around 450 kmsivef Casey. So, in the 2009/10 summer the aarigky programme
targeted reliable polynya features between 93°14184E, see Figure 1.

In addition to two dominant polynya features—Vincesa Bay (66° 24'S 110° 18'E) and the Cape Poingetignya (65° 34'S
113° 38’'E)—that the 2008/09 survey extent coverggdarding westwards to fly from Bunger Hills allowtx inclusion of two
more polynyas: the Shackleton polynya (65° 16.88°113.2'E) and the Davis Sea (near 64°S 100°Bjatious IDCR/SOWER
surveys (CPIl and CPIIl), a reasonable number okmiwvhales have been observed around the Shackéet@helf.
Unfortunately, the IDCR/SOWER voyages have largelgrbdenied access to the Davis Sea due to heaigessanditions; the
most recent attempt was the 2008/09 summer se&smorget al. 2009). During a multidisciplinary survey betwedi? &nd
150°E (BROKE; Nicokt al. (2000)), very few whales of any species were ofesbin the east Davis Sea, although a spike in
primary production was measured in the area (8tmettal. 2000). Therefore, despite a lack of historicalevbations of whales
in the area, a small amount of effort in the D&&s& was justified.

From a logistical point-of-view it was also possilth extend the existing survey edge east fromyCsta¢ion, north of Totten
Glacier (67° 00'S 116° 20’E) and over towards 1208Eeasonable density of minke whales sightingsmfeonumber of voyages
have been observed east of 113°E (i.e., IDCR/SOWERB&OKE (Thielest al. 2000)). However, this would have placed
sections of the survey area inside and out of a that circulates clockwise between 90° and 11Bi&dff et al. (2000); Nicol

et al. (2000). As this is not desirable to survey aciferent water masses, the Cape Poinsette polsgtyained the eastern
boundary of the 2009/10 season aerial survey.

Survey design

The process of shifting the survey base from Catsips to Bunger Hills and back again created esaf natural divisions or
phases in the planned survey progression. Theptiase, henceforth referred to as CA1, began apetémber, 2009 and ran
until 27 December (on-schedule) and was a repehedderial survey undertaken in Vincennes Bapén2008/09 season. The
area for the CA1 phase is presented in Figureogalvith the areas of the other two phases. Ashgesurvey in 2008/09,
transects were parallel and systematically spac&@l am, and orientated north-south, see Figufien8.planned total transect
length for the CA1 phase was to be around 1905arrarpund 35 hours of flying). The location of thestern boundary of the
CA1 survey area was based on aircraft flying rafageroximately 600 nm). The location of the northigonndary was placed to
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include sea/pack ice north of the shelf break (d®0@thymetric contour), an area considered todtein Antarctic krill (Nicol
et al. 2000). All of Vincennes Bay and the western halhe Cape Poinsett polynya were included in thel @ea.
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Figure 2 The single stratum of the CAl phase (Vinceres Bay) is in dark green; strata within the BH1 plase (Shackleton
Ice Shelf and Davis Sea) given in yellow, bright gen, aqua and purple; strata within the CA2 phase\(incennes Bay)
given in pink and blue. Details of specific stratare given below in Figure 4. Continuous red line ithe 1000m bathymetric

contour.
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Figure 3 Planned effort for the CA1 phase. There wer21 north-south orientated transects.
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The second phase, referred to as BH1, was flown fhrenBunger Hills field camp and ran from 29 Decem009 to 16
January, 2010 (on-schedule), and shifted surveytdtf the north and east of the Shackleton Icdf@hned into the eastern
section of the Davis Sea. As we had to be frugtd fuel, in addition to the absence of any obvigtalient in pack-ice
concentrations, an equal-spaced zigzag transeigindesas selected for the BH1 phase, see Figurenumber of smaller strata
were produced to accommodate the shape of the Blatkce Shelf and the location of the Shacklgtolynya, see Figure 4,
viz. Davis Sea south (DSS), Davis Sea north (DSN)tl@&hackleton polynya (SCN). As with the CA1 phd#se boundaries of
the strata in the BH1 phase were dependent onipaatencentrations in late December, 2009; in paldr, we were targeting
polynyas within the pack-ice zone. The westernraarthern extents of survey area in the BH1 phase tightly constrained by
fuel availability. The planned transect length fog BH1 phase was 1320 nm (around 25 hours of flying
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¢ .
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Projection: Lambert Azimuthal Equal Area
True scale at 65.5°S
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Figure 4 Planned effort for the DSN (Davis Sea north)DSS (Davis Sea south), SCN (Shackleton) and SWEFQWER
follow) strata in the BH1 phase. Presence and locati of SWF stratum is explained below. There are 29gzag transects
(not including SWF stratum).

The third and final phase, referred to as CA2, oarafweek from 25 January to 5 February (was sdbdda run from 17
January to 5 February) and repeated the survest effthe CA1 phase (i.e., Vincennes Bay area)witlt transects extending
further north, around 40 nm beyond the sea ice thaynin open water, see Figure 5. The plannedeécisngth for the CA2
phase was 2824 nm (around 40 hours of flying).
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Figure 5 Planned effort for the CA2 phase. There wer21 north-south orientated transectsNote, transects extend further
north as compared to the CA1 phase (as per Figure .3)

The planned total lengths of transects for each@phases were based on minke whale encounterfr@atetast season;
estimated bad weather (which will ground the aewim/ey, on average, every second day; similas mtpected at Bunger Hills
(pers. comm. Grons®); a maximum flying range of the aircraft of 60@rhaving to share the aircraft resource with agoth
deep-field project based at Mill Island (just nooftBunger Hills); and having the possibly that #ieraft could be used in
medievac operations (as actually happened in darlyary, 2010, when the CASA-212 aircraft was tigeacuate a patient
from a Chinese station near Prydz Bay). In parigids mentioned above, the total transect lemgithcould be flown out of
Bunger Hills was greatly constrained by the amairitiel that could be cached there. These planoiadl transect lengths were
theoretical maximum values and substantial decseiasactual distances flown were likely result franforeseen logistical
constraints.

These phases also helped in the development of fiwypatheses for minke whale distribution with b&ithe and space. The
data from the first phase will allow a between-ysamparison of whale abundance and distributidhénVincennes Bay area
(comparing data from December 2008 and Decembée3)2Whale observations from Shackleton Ice Sheffthe Davis Sea
will allow for comparisons of distributions and ddtes over a 20° band of longitude. And, finatlpta from last phase will
allow an intra-season comparison of whale abundandadistribution.

The total area of all three survey phases (douhletety overlapping areas in phases CAl and CA@poximately 55,559
ni?. The non-overlapping area was around 34,159 amarea that represents around 5.2% of theaotal between the east
Antarctic coast line (which includes permanentsheets) and the 62°S line, between 30° and 160°E.

Both the parallel systematic transect designs@®fdA1 and CA2 phases and the zigzag designs &@Hiephase were created
with the programm@®istance 6 (Thomaset al. 2009). AMRS-E sea ice ditéSpreeret al. 2005; Spreest al. 2008) and
AVHRR® sea ice images (on relatively cloud-free days)ewssed to delineate polynyas and other pack-idaresupon which
survey strata were based. Survey designs weréstash day or two before the scheduled start df paase to ensure the most
up-to-date sea ice information was used.

2 Captain Jorn Gronset: Senior Pilot, SkytradersLRly
% http://www.iup.uni-bremen.de:8084/amsr/amsre.html
4 http://avhrr.acecrc.org.au/
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Survey protocols

The survey platform was a CASA-212(400) fixed-wingraft. On-effort flying altitude was 228m (7508hd speed was 204 km
hr* (110 knots). Flights went ahead only if wind spaethe skiway/station (with some extrapolationvider survey area given
by Bureau of Meteorology forecasters) was less ##af km ht* (12 knots) and the cloud deck was higher than 2¢@808ft).

On board were four observers (two per side of aftlra flight leader (A. Hodgson; seated at tiferiear) and two pilots. The
survey was double-platform: the front and back oless were isolated visually with a thick curtaimdavere not able to hear one
another through the intercom system. Observatidrer@vrecorded onto time-stamped MP3 format fildsebvers were
encouraged to search ahead and as close to tkirtea@s possible. This was, however, quite difti@d the CASA-212 windows
are quite small and flat (width: 280 mm; height02@m). The observations themselves consisted ofaueting (where
possible) and angle of declination when animalgareendicular, or abeam, to the observer (usfiguato inclinometer). The
time at which an observer sees a whale aheadas nfmilowed by any time the animal cues. Cues wetgecorded after the
animals had moved past abeam. Cues were alsoaqutles if the group size was large (applied teekivhale observations
only). At abeam, angle of declination of groups weesasured at the centre of the group. Perpendidigtance out to animals
was calculated using angle of declination and gyeight (but no correction for curvature of thetlear aircraft drift angle was
applied; this year aircraft roll and pitch anglesregmeasured and we intend to include these inefatnialyses of perpendicular
distance). Other information recorded included Es@roup size (minimum, maximum and best estijnate type, number of
animals at surface when perpendicular, directiomasfel and any behavioural features of the anhalthe flight leader also
made a number of whale observations on the Idfi@ircraft, particularly if the left-side obsersdailed to detect the animals.
Other than during an observer training phase astém of the aerial survey, no attempt was madedp back and re-sight
observations to confirm species or group sizehadigh this is often common in aerial surveys foalgh, whale re-sights within
this aerial survey were rare due to the reasorlablymanoeuvrability of CASA-212 aircraft.

The flight leader recorded variables that potetimifluence the quality of observations, such aawBert sea state, glare, cloud
cover and type, and an overall sightability scaréo(r-level compound variable detailing the oveyahlity of sighting
conditions: none, poor, fair and good sightabilisf)the start of each transect and each time tragables changed; and also
continuously observed environmental covariates ssotoncentration of pack-ice and incidental infatiom, such as the
presence of birds or seals. GPS data, altituddlging speed were continuously recorded on theraft's data logger.

Photographic and video equipment

There was also a video/digital stills camera sydtamated in the base of the aircraft. These canre@sded the presence of
whales in the area under the aircraft inaccessibike observers and also recorded pack-ice infiemarhe digital-still camera
system consists of three Nikon D-200 cameras; ottleei bottom of the fuselage and two mounted obligat windows on either
side of the aircraft to provide wide coverage, udahg under the aircraft and replicating the obses\field-of-view (30° to 60°
from the horizon). The cameras took images appraeimavery second which, at survey speed and détjitgave complete
coverage along track. The high-definition videotegsconsisted of two cameras pointing out in ogpadirections from the
aircraft, covering from the trackline out to 30hiefe was also a GPS and aircraft telemetry systeording position and pitch
and roll. An infrared camera was also installethimbase of the fuselage, but this was only usednittently.

This video/photographic system is mentioned heredompletion, but as analysis of the video/photobi@gata is only partially
completed, these are not included in this repbis. hoped this data will be analysed over the ognii2-18 months.

Triple-platform sightings

In the CA2 phase, a fifth observer (M. Bravingt@ihed the survey team. A fourth seat was slotteoin the left-side of the
aircraft, to join the flight leader and two exigfinbservers. Approximately 2132 nm of on-efforiveyrdistance was achieved in
this triple-platform configuration and seven whsightings were made by the fifth observer. Therbasyever, an occupational
health and safety cost in having the third-platfamithe CASA-212 aircraft in that the fifth obserweas not able to periodically
switch sides or to move further away from the phepe
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Achieved Effort
Achieved transect distance and strata areas age giviable 1.

Table 1 Details of the 2009/10 aerial survey stratand transects

Stratum Area (nm2) Area (nm2) Phase Start and Total Total
- planned - realised end date Transect Transect
Length Length
(nm) - (nm) -
planned achieved*
Casey 1 18 724.5 16 238.3 CAl 16 Dec — 1905.1 1470.2
(CA1) 27 Dec 2009
Davis Sea 5181.3 5181.3 BHO1 29 Dec — 560.2 552.9
South 30 Dec 2009
(DSS)
Davis Sea 5052.9 46274 BHO1 30 Dec — 457.9 393.6
North 31 Dec 2009
(DSN)
Shackleton 5290.9 3396.7 BHO1 31 Dec 2009|— 334.3 277.9
Polynya 9 Jan 2010
(SCN)
SOWER 6319.8 1081.6 BHO1 16 Jan — 601.1 96.7
follow 16 Jan 2010
(SWF)
Casey 2 27 993.2 24 917.8 CA2 17 Jan — 28240
(CA2) 5 Feb 2010
CA2-East 5567.8 CA2 5 Feb - 317.4
(CA2E) 5 Feb 2010
CA2-West 19 466.1 CA2 17 Jan — 1814.9
(CA2wW) 5 Feb 2010
Totals 68 562.6# 55 559.2~ 6 682.6 4923.8

*Total planned survey area, minus overlapping aisa 163.3 nf
~Total realised survey area, minus overlappingsaiea34 159.9 nf
*Does not include observer break/rest periods.

Over the duration of each phase, planned effortvatis added and removed, depending on prevailing-jz& conditions and
survey time constraints. Maps of realised effoetgiven below in the section describing sightingshe CA1 phase, three
transects in the far west of the survey area werppd from the flying plan as these transects Vomaed over high pack-ice
concentrations (and, therefore, unlikely to yieldny, if any, minke whale observations) and we needeve onto the BH1
phase. In the BH1 phase, the northern-easterntmamstect in the SCN stratum was removed as it wamygo coincide with
transects in the newly-added SWF stratum (see bielomore details). In the CA2 phase, transecthdénfar west were shortened
to approximately half the north-south extent agjmghigh pack-ice concentrations in the south-wégiie area were unlikely to
yield many minke whale sightings. Also, transe@cipg was increased from 10 to 20 nm in the noatften corner of the area
covered by the CA2 phase in order to maintain \gjaitial coverage in the face of diminishing flymgportunities (these
transects were the last flown for the entire suyvey

In order to maintain even spatial coverage of &ffayme stratum boundaries were altered (i.e déisgn was post-stratified).
The area of the CA2 phase was split into two neatatiCA2E (east) and CA2W (west). These change®fieeted in Table 1.

In total there were 27 flights, and we coveredsdadice of 11,660 nm over 108 hours, which includesffort and transit
periods. There were six flights, totalling morerttia769 nm (or 16 hours), that resulted in no wseffbrt due to poor weather.

Extra flying in the BH1 phase (attempt to fly alongrecent IWC-SOWER track)

In the early days of the BH1 phase, we had goodheeand an available aircraft. Given the pace weevgetting, we put a
proposal together (dated 2 January, 2010) for dlyiray in order to directly follow the path of tH&/C-SOWER vessel along a
sea ice edge. This added stratum was called SOWERxf(or SWF). The IWC-SOWER vessel reached theiseadge located
at 100°E on 7 January. After experiencing some beathver for a couple of days,, the IWC-SOWER vessgingenced their
zigzag survey design on 9 January (started at % B00° 0'E). Over the following weeks the IWC-SOWE&ssel would
follow a zigzag transect pattern along the se&dge across to 115°E and back (planned to take duaumonth the complete).
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The original plan was for our aerial survey to iedity collaborate with the IWC-SOWER vessel from sd@huary onwards (our
final phase; CA2); the boat operating outside tgeaind the aircraft within the ice between 105°E HIBPE. This indirect
collaboration should provide a general comparisath® numbers of minke whales inside/outside ofitlee which will then be
used to help calibrate current IWC estimates afuriypolar minke whale abundance.

The proposed extra survey effort required thredfiigtotalling around 1450 nm.

The plan for extra flying was contingent on fuelrgetaken across to Bunger Hills and the needshaflger-priority ice drilling
project at nearby Mill Island. During earlier ptang for this season’s aerial survey, a plan teelpfollow the IWC-SOWER
vessel along the sea ice from 100°E was consid&tes plan was, however, shelved as there were toryy maknowns to buffer
against during the BH1 phase.

The requested extra fuel was flown across to BuHgkr 5-6 January.

We originally proposed to follow the IWC-SOWER vdsdeng the sea ice boundary from 100° to 105°F aveeriod of 8-16
January. These dates slipped somewhat due to chmtpesflight schedule and bad weather; longitatdboundaries moved
further east to target areas more recently viditethe IWC-SOWER boat; track set out in Figure 4ribyithis waiting period,
the ice edge receded further south, and the boiasdafr SWF strata began to overlap with the SChtatr

On 16 January, 2010, after a long period of poaather, the aerial survey programme finally targeétadsects under the
proposed extra flying. We completed two transentien the zigzag design (totalling approximatelyrif@when mechanical
complications with the aircraft became apparenthi point we returned to Casey station for repddad weather closed in
around Casey station and Vincennes Bay and a decisis made to end the BH1 phase and to beginAepBase. This is truly
unfortunate as the sea ice boundary between 1@B1@rfE was straight and graded from 100% to 0%cgeeoncentration in a
uniform manner, over a distance that was reasonaliégget using CASA-212 aircraft.

| ce conditions across survey phases

Between 93°E and 113°E, the pattern of sea ice (motbentration and northerly extent) was aboutayefor mid-December
2009, see Figure 6 (start of aerial survey; hissdtAMSR-E data not shown). The polynya in VincenBayg had started to open
up around late October, but a wide layer of ic@raximately 60 nautical miles in north-south extetdsed the bay off from the
open ocean. The Cape Poinsette polynya had altedstarclear by this time. The southern sectiorhefl@avis Sea had started
to break-out in early October, and then begandardh earnest in early November. As is quite Lkrghe northern Davis Sea,
a large gap in the pack-ice, approximately follogvihe 1000m bathymetric contour, was showing sigreveloping in mid-
October, but started to properly open up in latedwaber. The Shackleton polynya started appearingdaNovember, and was
well developed by late December.

Changes in pack-ice concentration across the sumezyare shown in Figures 6-8. A major featurgote is the persistence of a
wide layer of ice, approximately 60 nm in north-gpaxtent (but thinning to 40 nm in early Februaagross Vincennes Bay.

Furthermore, in addition to a large section of &X&N stratum, only in a couple of spots had the magedge receded south of
the shelf-break (notably 103-104°E) during the déffe¢ survey phases.

The distribution of pack-ice concentrations withatk stratum, around the mid-point date each wasglmimpleted, is given in
Figure 9.
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Figure 6 Large-scale concentrations of pack-ice (ug AMSR-E data) on 16 December, 2009 (first day alurvey), with
realised aerial survey strata.
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Figure 7 Large-scale concentrations of pack-ice (ugy AMSR-E data) on "10 January 2010 (approximate Haway of
survey), with realised aerial survey strata.
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Figure 8 Large-scale concentrations of pack-ice (usg AMSR-E data) on 5 February 2010 (last day of suey), with

realised aerial survey strata.
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Figure 9 Frequency distributions of the sea ice cona&ations (from AMSR-E grid data) for each stratum at the

approximate mid-date being surveyed.
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Quality of flying

The rate at which usable effort was achieved adhesentire survey, and the operational rating &mheday, are given in Figure
10. Of the 52 days of the survey period, only 2@engvailable for flying.

Casey 1 Bunger Hills Casey 2

Cumulative effort (nm)

T T T T T T T T T T T
Dec17 Dec22 Dec2? Jan 01 Jan 08 Jan 11 Jan18  Jan21  Jan 26 Jan31 Feb 05

Date

Bunger Hills

3000

Cumulative effort (nm)

T T T T T T T T T T T
Dec17  Dec22 Dec2? Jan 1 Jan 06 Jan 11 Jan16  Jan21  Jan26  Jan31 Feh 03

Date

Figure 10 (Top Panel): Accumulation of survey effort(in nautical miles) over each phase. Red solid Encorresponds to
initial planned effort prior to commencing phase, he red dashed line to planned effort after any chages during phase,
and the solid black line denotes the actual cumulate effort. (Bottom Panel) : Information repeated, lut for each day its
aircraft operational class indicated: red, flying day; yellow, maintenance or lack of remaining pilothours; dark blue, poor
weather; purple, other projects with aircraft needs green, public holiday; and white, phase change ev.
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The quality of effort, or ‘sightability’, is judgeldly the flight leader along a transect. Sightabibta compound variable based on
light, fog, glare and Beaufort sea state. Fourgmaies are used to summarise sightability: noner,dair and good. The effort
completed in each sightability category is givefrigure 11. Of note is the low proportion of effaated to have good
sightability in the BH1 phase; due to a lower levEfuel availability at the Bunger Hills camp weutd not repeat transects if the
overall sightability for these flights was not high

Casey 1 Bunger Hills Casey 2

Distance Travelled (kmj)
1000 1500 2000 2500 3000

500
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2500

2000

1500

1000

500

=

3.0%

Good  Fair  Poor Mone
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2500
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—
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Figure 11 Classification of effort (in kilometres travelled) by sightability scores, per survey phase.
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Sightings

Minke whales

Sightings of minke and ‘like’ minke whales are giier each stratum in Tables 2 — 4. Distributiomifike whale sightings, in
each survey phase, are given in Figures 12, 146nd

Table 2 Numbers of minke whale sightings within edcstratum, for both primary (front) and secondary

(back) observers; total number of individual animak given in brackets.

Stratum Primary observer Secondary observer Both Tl
CA1 2(3) 1(2) 1(2) 2(3)
DSS 3(4) 2(2) 2(2) 4 (5)
DSN 3(5) 1(1) 1(1) 2(4)
SCN 2(2) 2(2) 1(2) 3(3)
SWF 2(8) 2(8) 2(8) 3(9)

CA2W 5 (5) 3(3) 2(2) 10 (10)

CA2E
Total 21(31) 13(20) 9 (16) 24 (34)

Table 3 Numbers of ‘like’ minke whale sightings wihin each stratum, for both primary (front) and secadary

(back) observers; total number of individual animak given in brackets.

Stratum Primary observer Secondary observer Both Tl
CAl
DSS
DSN
SCN
SWF 1(1) 1(1)
CA2W 313 22 1(1) 22
CA2E 1(1) 1(1)
Total 5(5) 22 1(1) 5(5)

Table 4 Numbers of minke whale sightings within edtstratum, for both primary (front) and secondary
(back) observers during ‘off-effort’ periods ; total number of individual animals given in brackets.

Stratum Primary observer Secondary observer Both Tl
CAl 1(1) 1(1) 1(1) 1(1)
DSS
DSN 1(1) 1(1)
SCN
SWF 1(1) 1(1) 1(1) 1(1)

CA2W
CA2E 2(2) 2(2) 2(2) 2(2)
Total 5(5) 4 (4) 4 (4) 5(5)
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Figure 12 Minke whale sightings across the CA1 phagswith realised effort in red. Minke group size indcated by circle
diameter (either 1 or 2 in this example). Gaps inféort can represent either poor weather or observeibreaks. The sea ice

data in the background is from around the middle d&e of the CA1 phase.
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Figure 13 Other whale species sightings across théAC phase, with realised effort in red. Gaps in effid can represent
either poor weather or observer breaks. The sea ia#ata in the background is from around the middle éte of the CA1

phase.
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Figure 14 Minke whale sightings across the BH1 phagswith realised effort in red. Minke group size indcated by circle
diameter. Gaps in effort can represent either pooweather or observer breaks. The sea ice data in theckground is from
around the middle date of the BH1 phase. Please ndatee GIS layer representing the Shackleton Ice Shialvas awaiting
updating at time of production of this report and this explains why effort was registered ‘over landin DSS and SCN

strata.
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Figure 15 Other whale species sightings across thé&iB phase, with realised effort in red. Gaps in effid can represent
either poor weather or observer breaks. The sea iatata in the background is from around the middle éte of the BH1

phase.
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Figure 16 Minke whale sightings across CAL phase, thirealised effort in red. Minke group size indicatd by circle
diameter. Gaps in effort can represent either pooweather or observer breaks. The sea ice data in thmckground is from
around the middle date of BH1 phase.
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Figure 17 Other whale species sightings across théAZ phase, with realised effort in red. Gaps in effid can represent
either poor weather or observer breaks. The sea iatata in the background is from around the middle éte of the CA2
phase.
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The frequency of minke whale group sizes acrosstrata (there were too few sightings to meaningfsitilit
sightings into individual stratum) is given in Figul8. The accompanying distribution of sightingthimi 20% bin-
width sea ice concentrations is given in FiguresEs ice concentration was estimated using a fitag&in
algorithm working with digital stills taken benedtte aircraft (for more details on this method, iKelly et al.

(2010)).

Frequency

Group size

Figure 18 Frequencies of groups sizes of Antarctic mke whales observed across all strata in the 2009/ aerial survey.

Frequency

r T T T 1
i) 0.2 04 0.6 0.8 1.0

Sea ice conc

Figure 19 Frequency of sightings by estimated locaéa ice concentration across all strata in the 20040 aerial survey.
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Other Species

Sighting counts of other whale species, by phasgiven in Table 5. Notably, we did not have anyficored sightings of
humpback whales, despite flying over areas whexrdWC-SOWER voyage reported many such sightingsi¢8eki et al.
2010).

Table 5 Counts of sightings by species, across eguase; number of sightings, with total number of
individual animals given in brackets.

Species CAl BH1 CA2
Killer whales 13 (74) 8 (60) 11 (28)
Southern right whales 23
Sperm whales 1(1)
Southern bottlenose whales 14)
Unknown species 1(2) 1(2) 1(1)

One noteworthy sighting was of mysterious ‘whake’lishapes deep in the water column, observeckeilCthl phase (22
December, 2009; 66° 19.6'S 108° 4.6’E) in the €autls of Vincennes Bay, see Figure 20. The expertenbserver thought they
may have been blue whales, but the sighting wafsdar certain. A rough comparison with photographsnals at a similar
distance from the trackline suggest these objeaishe around three times the length of a killerleha

Figure 20 Two large pale shapes under the water. Thexperienced observer at the time of the sightindibught these
objects may have been blue whales (22 December, 2066° 19.6’S 108° 4.6'E).

Video and Stills matching: observer validation

During this year’s survey season 211 hours of vialesh 531,000 digital still images were taken. Ak preliminary test to
establish if the still camera system could be &aleigool we examined the still images correspondingach observer sighting,
for obvious whales (see Table 6). Generally, moshals seen by human observers were clearly evidehe still images. As
expected, killer whales were slightly harder tocedetn still images than the larger minke whalbkny images were certainly
clear enough to aid with species ID, group sizeswich direction.
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Table 6 Ability to identify observer whale sighting in corresponding still images.

SC/62/I1A8

Species Number of potential Identified in corresponding Match rate %
matching opportunities digital still image
Killer whale 17 12 70.6 %
Minke whale 16 16 100%
Southern Right whale 2 2 100%
Unknown whale 3 3 100%
Unknown object 2 2 100%

An example of a matched digital still image is give Figure 21. This sighting was made on the @br&ary 2010 (113° 2.7'E
65° 26.8'S) with a declination of 32° (from the tzontal); the observer called two minke whales wittue of a body and a blow

Interestingly, the whales are clearly visible oa tlorresponding still image even though 32° isectosthe limit of the camera
coverage, where the whale will appear at its srslatlae to the obligue mounting of the camera.

Figure 21 Example of a still image of two minke whas that was successfully matched to an observation.
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Surface or near-surface krill patches

The observers noted many dark orange-brown ‘blab#ie water; these were generally assumed to baretit krill. These
patches were predominantly observed in the finaspH{CA2), see Figure 22. It is likely that thehhige-to-water visual contrast
prevented more krill patches being noted in higberreas.

104°E 106°E 108°E 110°E 112°E 114°E

Projection: Lambert Azimuthal Equal Area
True scale at 65.5°S

104°E 106°E 108°E 110°E 112°E M4°E

Figure 22 Distribution of krill patches observed fran the air during the CA2 phase; patches indicated ypaqua circles.

Collaboration with 2009/10 | WC-SOWER voyage

A primary aim of aerial survey programme in the 200 summer season was to collaborate with a cosrmulWC-SOWER
voyage (see SekigucHial. (2010) for further details).

It was desirable that we would be flying in the sdotation at the same time as the IWC-SOWER velssehad weather and
other operational constraints on aircraft time @inesl against us. During the eastern track of tHRE{SOWER voyage (10-21
January, 2010), we able to complete some flyinguiad 100 nm) in the SWF strata (specifically, 18uday) about 7 days after
the IWC-SOWER vessel had moved through the aresFiggire 23; there was around 214.Z mfnarea overlap. During the
western track of the IWC-SOWER voyage (22 Janudrgliruary), we were flying over seas through whightioat had moved
between 4-14 days earlier, see Figure 24; arourtl 15 nm of area overlap between this western IWC-SOWE Rtaacl the
CA2 flying area.

Even though no direct joint survey effort was achakin the 2009/10 season, the proximity (in boticspand time) of survey

areas of both programmes is still a great achieméntas hoped that analysis of the correspondiata might help shed light on
the numbers of minke whales inside pack-ice retativthe adjacent open water.
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Figure 23 East-bound IWC-SOWER track (dot-dash line) and aerial survey transec{solid line within aborted SWF

stratum) flown within a similar 11 day period (10 January — 21 January). Line colour indicates time sice vessel/aircraft

travelled particular line. Darkest blue indicates 2 January, fading out to white, indicating 10 Januay.
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Figure 24 West-bound IWC-SOWER track (dot-dash line;also includes some of the last couple of days ektra’ IWC-
SOWER voyage time) and aerial survey transects (ddllines; CA2 phase) flown within a similar 14 dayperiod (22
January — 5 February). Line colour indicates time gce vessel/aircraft travelled particular line. Dakest blue indicates 5

February, fading out to white, indicating 22 January
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