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Abstract

Following on from test flights undertaken in Jaryy&008, a pilot aerial survey for Antarctic minkbales Balaenoptera
bonaerensis) was conducted within the sea-ice zone in VincerBey, east East Antarctica, throughout a 20 dapgén
December, 2008. The survey was completed usinged-fiving aircraft (a CASA-212 400) flying from adsaat Casey station (66°
17°S, 110° 32°E). The survey was double-platforith wvo observers on each side of the aircraftaligment observer data,
video, infrared and photographic equipment weregalan the bottom of the aircraft fuselage to rddabe presence of whales in
the area under the aircraft inaccessible to thergbss and also recorded sea ice information.

The survey area was rectangular in shape with theor extent along latitude of 64° 47" S down ® ¢bast; a western boundary 105°
52" E longitude and an eastern boundary at 113E16hgitude; with a total area of 60,600 %ine transects were parallel at 10
nautical mile spacing and orientated north-soutfteding a planned total transect length of 3,00@kemsurvey covered 6,293km on
effort (a number of transects were repeated) ihaldrs of flying (over nine days). Around 76 Antézaninke whales were observed, in
53 sightings, with group size ranging from onedorf Using mark recapture distance sampling toregé a detection function and a
simple estimate of availability, a design-basenasté of minke whale abundance in the aerial suaveg is 1,220 (CV=0.18). This is a
preliminary estimate, based on highly simplifietireation methods. When compared a minke whale admrelestimate from the most
recent adjacent IWC-SOWER cruise (2007/08), antieakity appears to be higher in pack ice. Howeaghoth estimates are
preliminary, based on simple analysis methods,dhisparison is probably not valid. It can be codell, however, that if the austral
summer of 2008/09 is an average year, there dees sebe evidence that minke whales are feedipguk ice in detectable numbers
in one section of East Antarctica.

After completion of both test flights and a pilotidy, the utility of the CASA-212 aircraft for aatisurvey studies of minke whales
in Antarctica has been demonstrated. A larger-saoafi@al survey, extending from Vincennes Bay, athe north of the Shackleton
Ice Shelf and into the east of the Davis Sea,aamed for the 2009/10 austral summer.

Introduction

In 1978/79, under the direction of the InternatidMaaling Commission, the first of what would evesity be
three decade-long Antarctic circumpolar surveysistbales commenced; commonly referred to as CR) (i.e
circumpolar), CPIl and CPIIl, respectively. These ship-lodgge-transect surveys, known first as IDCR
(International Decade of Cetacean Research) th&aER(Southern Ocean Ecosystem and Research), teavers
up to 60° of longitude each austral summer; mobigigveen 60°S and an operationally safe ice edgséiedid
not have ice-strengthened hulls). A result fromIE@R/SOWER surveys that is of particular interesam
apparent decrease in the total number of Antanciitke whalesBalaenoptera bonaerensis; hereafter minke
whales) between CPII (1985/86-1990/91) and CPBB[92-2003/04) (Branch 2006), which were derived
using ‘standard methods’ outlined by Branch anddutorth (2001); CPI is not directly comparable ogvio
substantial differences in survey method. Althongtv abundance estimates, using novel analysisitpcs)
will be presented to IWC-SC this year (e.g., Okasramd Kitakado (2009), Bravington and Hedley (2D08)s
likely that the conclusion of an overall decreasétal minke whale abundance from CPIl to CPIigdsng to
stand.

A number of possible explanations for this appadedine in abundance have been mooted; see (B2O®H
for details. One compelling hypothesis is changedbé position of the ice edge in concert with demin the
relative proportion of minke whales in pack ice naye decreased the number of animals availatile to
counted between CPIl and CPII (Branch 2007). Thigyested effect was deemed ‘uncertain’, but ‘poadipti
large’ (Branch 2007). It is well accepted that nankhales are pagophilic (ice-loving), with shorti dhin
bodies to manoeuvre within narrow leads in paclaitg a rigid rostrum to break through thin ice tayte
enable breathing (Ainlegt al. 2003; Ainleyet al. 2007). However, relatively little is known abohetspecific
pack ice habitat preferences of minke whales. Eantlore, if the proportion of the total minke whptgpulation
that is residing in summer pack ice can be estidhaieés information could be used to correct abmedaand
trend estimates from IDCR/SOWER (or similar) surveys
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With the aim of estimating the proportion of minkbales in pack ice over summer, an Australian fivealg
aerial survey programme, based in East Antarcties, devised and scheduled for the 2007/08 seasen (se
Hedleyet al. (2007)). The estimated number of minke whales énatbrial survey area was to be compared
against an estimate derived from a concurrent SOWERY undertaken in the waters north of the iggeddee
Ensoret al. (2008)). However, this aerial survey was cancdlled to the failure of a flight service between
Hobart, Australia and the Antarctic continent, whigrevented the timely arrival of the observingiea
Fortunately, test flights were still able to ocaudanuary, 2008: strengthening the case for te&ulress of
fixed-wing aerial survey method for observing minideales in pack ice (Kellgt al. 2008). Following on from
these test flights, a small-scale aerial survayetimg minke whales was undertaken in Decembei8,28Czast
Antarctica. The joint aims of this short note ar@} describe this small-scale aerial survey farkmiwhales
conducted in Vincennes Bay in December, 2008; bnth present the results of preliminary analysesfthe
aerial survey and to compare these with basic adno®lestimates from the most recent IWC-SOWER voyage
adjacent to the aerial survey area (2007/08 cruide process used to derive the abundance estiondtes
aerial survey has been highly simplified for expedy; the aim was never to produce an abundaniceatst
that is in any way definitive or final. Instead,presenting the abundances and comparisons howw® a
provide a first idea of the magnitudes that mighekpected from a more thorough and robust anayfsig in
concert with a larger survey area.

M ethods

Sudy area

The aerial survey was based at Vincennes Bay (66 2¥0° 18’E) in East Antarctica. The primary drier
locating the aerial survey in Vincennes Bay islduation of the Australian Antarctic Division’s skay at
Casey station (66° 17'S, 110° 32'E). Fortunattigre are two nearby polynyas—Vincennes Bay an€Ctype
Poinsett polynya (65° 34’'S 113° 38’E)—which provigjgen water and, potentially, feeding opportunitas
minke whales (Arrigo and van Dijken 2003). Both s#mnes Bay and the Cape Poinsett polynya are ‘shelf
polynyas’, features which are formed by prevailkagabatic winds, and are almost guaranteed to esaygach
austral summer (Barber and Massom 2007). Howeeéher polynyas are regarded as being particularly
productive compared to others in East Antarcticau(®inet al. 2000; Arrigo and van Dijken 2003).

The aerial survey area was rectangular in shapeawitrthern extent along latitude of 64° 47" S dowthe
coast; a western boundary 105° 52’ E longitude anelastern boundary at 113° 15’ E longitude; withtalt
area of 60,600 kfseeFigure 1. The location of the western boundary of the syarea was based on aircraft
flying range (approximately 1100km or 600nm). Theation of the northern boundary was placed to oelu
ocean/pack ice north of the shelf break (1000myagtric contour); an area considered to be ricAritarctic
krill (Nicol et al. 2000). All of Vincennes Bay and the western hthe Cape Poinsett polynya were included
in the survey area.

Survey protocols

The survey platform was a CASA-212(400) fixed-wingft. On-effort flying altitude was 213m (700&hd
speed was 204 km (110 knots). Flights went ahead only if wind spaethe skiway/station (with some
extrapolation to wider survey area given by BurefiMeteorology forecasters) was less than 22.2 k(12
knots) and the cloud deck was higher than 244mf{B00

On board were four observers (two per side of aftira flight leader (D. Pike; seated at the tefir) and two
pilots. The survey was double-platform; the fromd &ack observers were isolated visually with ektlcurtain
and were not able to hear one another througmteecom system. Observations where recorded ang ti
stamped MP3 format files. Observers were encourtmedarch ahead and as close to the tracklinesssiye.
The observations themselves consisted of cue cauatid angle of declination when animals are peripatat,
or abeam, to the observer (usinSuanto inclinometer). The time at which an observer see$ale ahead is
noted, followed by any time the animal cues. Cueswot recorded after the animals had moved pastma.
Cues were also not recorded if the group size am@|(applied to killer whale observations only) abeam,
angle of declination of groups was measured atéimére of the group. Perpendicular distance oahtmals
was calculated using angle of declination and §yeight (but no correction for curvature of thetlear
aircraft drift angle was applied). Other informatieecorded included species, group size (minimuaximum
and best estimate), cue type, number of animalaréace when perpendicular, direction of travel ang
behavioural features of the animal(s). The flightler also made a number of whale observationseolethof
the aircraft, particularly if the left-side obserséailed to detect the animals. However, thesa deg not
presented here. Other than during an observeirigaphase at the start of the aerial survey, rengit was
made to loop back and re-sight observations toilcorgpecies or group sizes.
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The flight leader recorded variables that potentimifluence the quality of observations, such aaBert
sea state, glare, cloud cover and type, and aralbgaghtability score (a four-level compound vata
detailing the overall quality of sighting conditg)nat the start of each transect and each tinse thariables
changed; and also continuously observed enviroraheavariates such as concentration of pack ice and
incidental information such as the presence ofshindseals. GPS data, altitude and flying speeé wer
continuously recorded on the aircraft’'s data logdéere was also a video/digital stills/infrareanesa
system located in the base of the aircraft. Thasgecas recorded the presence of whales in theuacksa
the aircraft inaccessible to the observers andralsarded sea ice information. This system is meetl here
for completion, but as analysis of the video/phadpdic data is only partially completed, theserare
included in this paper.

A systematic parallel line transect design was peed inDistance (Thomaset al. 2006), with transects at 10
nautical mile spacing and orientated north-soutkingle stratum was specified; with an area of itastboth
upon and north of Petersen Bank (65° 45’S 109° h5&#moved from this stratum.

Analysis

Aerial survey

A preliminary and very basic estimate of minke vehalbundance in the Vincennes Bay region was detisid)
the double-platform observation data from our detiavey. These data were corrected for animalsadiss
the trackline due to flat aircraft windows usingrizeecapture distance sampling (MRDS) (after Borsketal.
(1998) and Borchert al. (2006)). This analysis was completed udngance 5 (release 2) (Thomasal.
2006) with the MRDS engine. The status of duplisag@tings was decided using time abeam and the arig|
declination and no error has been attached tgtbisess at this time.

Only minke whale observations from systematicallyated north-south transects were included in this
abundance estimate for Vincennes Bay. The anahdisded perpendicular distances only as the quafithe
cue observation data is yet to be decided. Effost iganoved from the analysis when Beaufort sea siase
greater than four. For simplicity, after aircrafteswise duplicate sightings were assigned, thetfobservers
and back observers were pooled, respectively;fagtizely, there were only two observers in thalgsis.

With a combination of aircraft skis and small, fleihdows, the maximum declination (from the horigtrat
could effectively (and comfortably) be searched amind 62°. At a survey flying height of 213mstbiuates
to a distance of 113m from the trackline that catmeosearched. This distance, therefore, beconedsfth
truncation distance by default. A right truncatitistance was set at 1000m.

We are reasonably confident there was no animpbrese to the aircraft at the survey height of 2h8wh a

speed of 204 km Ht so point-independence (i.e., observations ang asgumed independent at the trackline) is
appropriate. Models with various permutations dédgon function shape (i.e., half-normal versusand-rate),
and variables which may affect scaling of the distasampling and mark-recapture model components (i
distance, sightability and group size) were fitted model selection was via minimising the Akaiki@imation
criterion (AIC) (Akaike 1974). A design-based abande estimate was derived using a Horvitz-Thompiken |
estimator which incorporated the probability ofedgion for each sighting, as estimated from theat&tn

function (Borcherst al. 1998), and total transect length. The variandh@fstimated density was based on the
empirical variance, (as presented in Inatea. (2002)). Instead of using cue counting to estinaatenal
availability, an estimate of 30 seconds out of aute (or 1/2) was derived from observer experidrara the
aerial survey (assumption based on tendency tblee@see animals underwater, which is discussémi).
Availability was applied as a straight multiplieittvno variance.

IWC-SOWER 200708 cruise

The most recent IWC-SOWER voyage adjacent to thalaemvey area is the 2007/08 cruise (area covieyed
cruise given irFigure 1). A basic minke abundance estimate for the IWC-&R/X2007/08 cruise is being
presented to the IWC Scientific Committee this y@aBurt and Ensor (2009). Using observations ftbenBT-
option 2 mode, Burt and Ensor (2009) derived a Bmmark-recapture estimate of minke whale abundance
across both north and south stratum. For moreldetaithe IWC-SOWER 2007/08 cruise, please consubEn
et al. (2008) and Burt and Ensor (2009).
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Results

Between 11 and 31 December, 2008, nine days oftflyiere available (specifically, 11-13; 15-16; &8d31
December). The long gap in the middle of the suwayg due to a persistent blizzard. Based on pregaili
weather conditions, it is estimated that approx@tyadbne day in two is available for flying in Deceen in the
Vincennes Bay region. At the beginning of the desimvey, Vincennes Bay (excluding fast ice ovetePsen
Bank) was almost free of any significant areaseffrigure 2), but a large patch of highly variable pack ice
remained in the north-west corner. However, duangxtended high wind/blizzard period between 1 2h
December, easterly winds pushed pack ice in thiiveest into a condensed patch in the far west@sturvey
area Figure 3). The coverage of sea ice along the coastlinedrmt80° and 140 ° E greatly decreased over the
duration of the aerial survey.

Exceeding a planned total transect length of ar&;@d0km (1620 nm), the survey covered 6,293km (BB98
on-effort (a number of transects were repeatedihours of flying; seEigure 4. On a number of occasions,
survey effort was also allocated during some ofldheger transit flying. The approximate percentafjsighting
quality during the entire survey was 62.2%, 27.8%% and 0.3% for sightability of good, fair, pasrnone,
respectively.

A total of 76 minke whales were observed in 53 tis. Despite the fact that species identificati@s found
to be a problem with the CASA-212 aircraft (discosdelow), species identification was assumedaraisie
for the purposes of the analysis presented heveral sightings are given fRigure 4 and individual sightings,
along with group sizes and prevailing sea ice diont (as indicated by AMRS-E sea ice dptéor each flying
day are presented Figures 5.A-5.1. Maximum minke whale group size was four, with thajority being of size
one;Figure 6. A further 27 animals in 12 sightings of unknovpesies were also observed, but these are not
considered here. A notable feature of this survay thie large number of killer whales observed @yprately
372). Discussion of these killer whale observatigrgiven in Kellyet al. (2009a).

The percentages of cues which first brought the al@@nto the attention of the observers were: banaty blow,
32.1%; underwater, 30.2%; blow only, 20.8%; nobrded, 11.3%; and body only 5.6%. When minke whales
came abeam, around 53% were underwater (includepgmwere some individuals were still above théaser

at abeam).

The front (or primary) observers saw 40 sightings;liack (or secondary) observers saw 36 sightwigfs;23
sightings observed by both the primary and seconalaservers, sdéigure 7. Mean group size was 1.44 (se =
0.1). Comparing the AIC from all permutations of tetection functions and potential scaling vagabthe
most promising combination was a hazard-rate dete@inction with a distance sample model scaleith wi
constant and a mark-recapture model specified digiftance and group size; fitted detection funcgowen in
Figure 8. The distance and group size parameter estimates/bd as expected: detection probability decrgasin
with distance and increasing with group size (datashown). The mean detection probability at dista®dm
(i.e., p(0)) for the primary observer was 0.82 (Q\38) and pooled probability of detection was 0.964
(CV=0.03). Using the availability estimate of Otiaged loosely on the ability to view animals undgen), the
total abundance of minke whales in the aerial suarea is estimated to be 1,220 (CV=0.18). Thisesponds
to a density of 0.02 animals per km

The abundance estimate of minke whales in the reoent adjacent SOWER survey area (2007/08) was
calculated by (Burt and Ensor 2009) to be 1,128ats (CV=0.44). With a total survey area of 279}362
this corresponds to a density of 0.004 animalkp@r

Discussion

Compar ative abundance estimates

As the process to derive preliminary minke whaleratance estimate for the Vincennes Bay area pextéetre
was highly simplified, there are a number of casdlaat accompany the estimate. So, what is wrotiy auir
minke whale abundance estimate from the aeriakeyuirom last December? Let us count the ways. Finst,
believed there may have been some issues withespigigntification (i.e., confusing larger killer albs for
minke whales), especially early in the survey aseolers were gaining experience. The analysis plexséere
has assumed that all minke whale sightings wefadanminke whales. Unfortunately, there is limitabpe to
introduce a policy of circling back on sightingsctanfirm species identification. The CASA-212 aiftia
substantially larger than those traditionally usederial surveys for cetaceans, resulting in lotigen around
times and distances, and attempts to do so oftertee in entirely missing the targeted animalse &ke

! http://www.iup.uni-bremen.de:8084/amsr/amsre.html
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currently investigating increasing the number gjfitdi stills cameras in the aircraft to cover mosager,
particularly corresponding to where observers ap&ihg (current system has digital stills cameraking
straight down resulting in a relatively small foaty directly beneath aircraft). There may also bes scope to
estimate the robustness of the ultimate minke wesiienate to species identification error.

Second, there was an improper treatment of thbtadigity covariate used may not fully describe ditions, as
only values for the left side of the aircraft wamplied used in this analysis. Splitting sightiings their proper
aircraft side will allow more valid analysis of teéect of the heterogeneity in sighting condititade
incorporated into modelling of the detection fuonti

Third, further analysis of the cue counting dateetuired so it was not used to estimate animalatiity.
Instead, the availability applied in this analysiss based on nothing more than observer ‘gut fgedind the
length of time observed minke whales seemed to a¢ar the surface during survey effort; it is [@ble that
availability was overestimated, resulting in a tiglaunderestimate of abundance. However, we devsethere
is some merit to assuming Antarctic minke whaleseasily seen near the surface owing to the langeer of
sightings that were underwater for most or allhaf tluration of the individual sightings. Antaratiinke whales
are larger and do seem to be more visible fronaththan their Northern Hemisphere counterpartgredyses
of common minke whale availability, such as thatined in Heide-Jgrgenses al. (2009), might not be so
helpful. However, if a proper availability estimatéo which was attached a standard error and degrfees
freedom—was applied, it is likely that the CV oétherial survey estimate will be far greater theat teported
here.

As stressed in the introduction, the process useeiive the abundance estimate for the aeriaksunas been
highly simplified for expediency; the aim was net@produce an abundance estimate that is in agy wa
definitive or final. Instead, in presenting the abances and comparisons now we aim to providestidiea of
the magnitudes that might be expected from a nimmtigh and robust analysis effort in concert witarger
survey area. At face value, it would seem thatiesity of minke whales in pack ice is five timeattobserved
in open water (i.e., 0.02 compared 0.004 minke adpkr square kilometre). However, that compaiisomade
on flawed abundance estimates, made at diffenmgdiover the summer period and in completely differ
years. There is still a long way to go to beingeablattribute the decrease in abundance from ©RIPIII to a
higher or perhaps increasing presence of minkeastialinaccessible pack ice. In summary, all wesegnat
this time is if the austral summer of 2008/09 isamarage year, that there does seem to be evitlestoainke
whales are feeding in pack ice in detectable nusineone section of East Antarctica.

Into the future

After completion of both test flights (Kellgt al. 2008) and a pilot study, the utility of the CASAZaircraft for
aerial survey studies of minke whales in Antarctiaa been demonstrated. Despite problems with stiall
windows, a large number of minke whales were siijhted. Buoyed by the success of this pilot suradgarger-
scale aerial survey, extending from Vincennes BRaygss the north of the Shackleton Ice Shelf atudthe east
of the Davis Sea, is planned for the 2009/10 austramer (see Kellgt al. (2009b) for further details).

There is a large amount of video and photographiz still remaining to be analysed from this pilotwey. We
are planning an analysis of the utility of angléghhdefinition video cameras to act as a thirdfplamn, in
addition to an analysis of sea ice/habitat dateveldifrom digital stills images. A great deal obdysis remains
to be completed on species identification and afdity issues before we can attempt a more rohbighdance
estimate of minke whales from either this pilotistwr future aerial surveys in East Antarctica.
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Figure 1 Aerial survey area (in dashed line) and the SOWER 2007/08 BT-option mode 2 area (thicker
solid black line; north and south strata not indicated on this map). Shelf-break (1000m bathymetry
contour) also included for interest.
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Figure 2 Large-scale concentrations of pack ice on 11 December, 2008, with aerial survey boundary.
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Figure 3 Large-scale concentrations of pack ice on 31 December, 2008, with aerial survey boundary.
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Figure 4 Aerial survey transect lines (light grey lines) and minke whale observations for entire survey
period. Size of triangle proportional to group size (between one and four animals). Edge of survey areain
dash black line. Bathymetric contoursalso included: 500m (—), 1000m (.......) and 2000m (- -_).
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Figure5.A Minke whale observations on 11 December, 2008; size of triangle proportional to group size

(between 1 and 4 animals). Edge of survey areaisthe white dashed line; solid white lineis survey effort

(transects); paler grey line 1000m bathymetric contour. Sea ice concentration from daily AM SR-E data;
black indicates open water, scaling to white, indicating 100% ice cover age.
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Figure5.C Minke whale observations on 13 December, 2008. No minke whale obser vations.
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Figure5.E Minke whale observations on 16 December, 2008. Flying on this day was aborted dueto bad
weather; with no minke whales observed.
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Figure5.F Minke whale observations on 28 December, 2008.
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Figure5.G Minke whale observations on 29 December, 2008.
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Figure5.H Minke whale observations on 30 December, 2008.
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Figure 5. Minke whale observations on 31 December, 2008.
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Figure 6 Distribution of group sizes of minke whale sightingsin Vincennes Bay, east Antarctica during an

aerial survey, December, 2008.
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Figure 7 Observer 1 and 2 detections (left and middle) and duplicate detections (right) over distances out

to 1000m from thetrackline.
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Figure 8 Pooled detections (left) and conditional detection probability.
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