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Abstract

An aerial survey targeting Antarctic minke whalBal&enoptera bonaerensis) was undertaken in the austral 2009/10 austrahsemn east Antarctica. This
recent survey repeated a similar survey desigmafflme and transect direction and spacing) to thatsmaller-scale aerial survey in the 2008/09ralisummer.
In addition, the recent survey also extended effoth further west across pack-ice around the Sétekice Shelf and Davis Sea and north of thedge and
into open water. Both aerial surveys were doubdgfpim and conducted using CASA-212 aircraft.

A basic MRDS analysis yielded estimates of relatigasities for areas within both aerial surveygshinVincennes Bay area, relative density of minkeales in
December 2008 was around 10 times that of densitissrved in December 2009. There was also arsefiaon increase in relative density of minke véhamle
Vincennes Bay: estimated relative density of minkales in the Vincennes Bay in late January- eeelyruary 2010 was 2-4 times higher than in December
2009 (based on point estimates). Densities of mivtkales were higher in the north of the Davis Seecenpared to the south. It may be that pack-iceuycs
and the relative position of the shelf-break (Krdbitat) are influencing inter- and intra-summensities of minke whales across the aerial surtiedysarea.

| ntroduction

With the aim of studying the abundance and distidgimuof Antarctic minke whalesBalaenoptera bonaerensis) in pack-ice in
east Antarctica, aerial surveys (double-platforreyewundertaken in the austral summers of 2008/62809/10. The survey in
the 2008/09 summer was considered a ‘pilot’ andi$eed on the Vincennes Bay polynya in December.2B0&ey effort in the
austral summer of 2009/10 started in December 20@9argely repeated the survey design from tlsé yiear, but also targeted
areas around the Shackleton Ice Shelf and the [3@asand finished with more effort over the VineemBay polynya in late
January and early February 2010. These aeria¢gsirare fully described in Kellt al. (2009; SC/61/IA3) and Kellgt al.
(2010; SC/62/1A8), respectively.

This short note presents a preliminary analysisioke whale sighting data from these aerial survéys have produced basic
estimates of relative densities in order to begjplaing abundance and distribution of minke whaléthin pack-ice both
between and within the 2008/09 and 2009/10 austraimers in east Antarctica. These are, howevelinpnary results and we
intend to undertake a full analysis in the comiegry

Methods

The following is a summarised description of matisrand methods; more details on survey protoaelgiaen in Kellyet al.
(2010; SC/62/1A8).

Survey protocols

The survey platform was CASA-212(400) fixed-wingceaft. On-effort flying altitude was 228m (7508hd speed was 204 km
hr' (110 knots). On board were four observers (twosjte of aircraft), a flight leader (A. Hodgsonata at the left-rear) and
two pilots. The survey was double-platform; thenfrand back observers were isolated visually withiek curtain and were not
able to hear one another through the intercom sysBbservers were encouraged to search ahead afasago the track line as
the small-flat windows allowed (aircraft windows n@esquare in shape, with a width of 280 mm, heidt&70 mm and 330 mm
between diagonal rounded corners). The observati@mmselves consisted of cue counting and angiedfnation when
animals are perpendicular, or abeam, to the obsésang aSuunto inclinometer). Perpendicular distance out to atispavas
calculated using angle of declination and flyingghé (but no correction for curvature of the easttaircraft drift angle was
applied). Other information recorded included sescgroup size (minimum, maximum and best estimate) type; number of
animals at surface when perpendicular; directiomanfel; and any behavioural features of the ar(gharl he flight leader also
made a number of whale observations on the lafie@fircraft, particularly if the left-side obsersdailed to detect the animals.
Flight leader observations, however, are not piteseimere. Other than during an observer trainiragplat the start of each
survey, no attempt was made to loop back and te-sigservations to confirm species or group sizes.

The flight leader recorded variables that potelytialfluence the quality of observations, such aaffort sea state, glare, cloud
cover and type, and an overall sightability scaréo(ir-level compound variable detailing the ovegahlity of sighting

conditions), at the start of each transect and #ahthese variables changed; and also continyalrslerved environmental
covariates such as concentration of pack ice. GR& dltitude and flying speed were continuoustprded on the aircraft’'s data
logger. There was also a video/digital stills caagystem located in the base of the aircraft. Thas®eras recorded the presence
of whales in the area under the aircraft inaccéssibthe observers and also recorded ice infoomati

Survey design and analysis

There was a single stratum for the 2008/09 aeuialey, covering the Vincennes Bay polynya, andpéellel and systematically
located transects were orientated north-south padesl at 10 nm; this stratum is referred to as ©882The 2009/10 aerial
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survey was conducted in three phases, consistinguaral strata. The first phase repeated a saesign (but not the exact
transects) from the 2008/09 summer period, basaddraround Vincennes Bay; there was one stratihisiphase and both the
phase and the stratum are referred to as CAL. 8d¢wnd phase, referred to BH1, moved survey effaet to the Shackleton Ice
Shelf and the Davis Sea. This second phase codtéine strata: Davis Sea South (DSS); Davis SediN&SN); Shackleton
polynya (SCN); and SOWER-follow stratum (SWF), Bégure 1. Equal-spaced zigzag transects were usin isecond phase
due to low fuel availability. The final phase, et to as CA2, repeated the CA1 phase (agairsdramocations were re-
randomised), but also extended transects aroumird@orth of the sea ice boundary. Again, paratel systematically located
transects, which were north-south orientated aadegpat 10 nm, where used. Unfortunately, thereumasen coverage in the
final phase, so two new strata were produced #ftesurvey had finished, which split the planneey area east and west:
CAZ2E (east) and CA2W (east). A full descriptiortlod survey strata are given in Kedliyal. (2009; SC/61/IA3) and Kellgt al.
(2010; SC/62/1A8).

Preliminary and very basic estimates of the redatignsities of Antarctic minke whales within thevey strata were derived
using the double-platform observation data fronhtewrial surveys. These data were corrected fonasimissed on the track-
line (due to small flat aircraft windows) using rkaecapture distance sampling (MRDS) (after Borsleeal. (1998) and
Borcherset al. (2006)). This analysis was completed udrigance 6 (release 2) (Thomasal. 2009) with the MRDS engine.
The status of duplicate sightings was decided using abeam and the angle of declination and rar s been attached to this
process at this time. A small number of ‘like’ minWwhale sightings were pooled with the minke wiséddtings for this analysis.

Effort was removed from the analysis when Bealde# state was greater than 4. For simplicity, aiteraft side-wise duplicate
sightings were assigned, the front observers aokl tlaservers were pooled, respectively; so, effeltj there were only two
observers in the analysis.

With a combination of aircraft skis and small, fieihdows, the maximum declination (from the horigtmat could effectively
(and comfortably) be searched was around 62°.sAireey flying height of 228 m, this equates to statice of 121 m from the
track-line that cannot be searched. This distathezefore, becomes the left truncation distancddfgult. A right truncation
distance was set at 1,200 m. By being isolated Wistrally and audially, front and back observeestaunly independent. And
while the aircraft frame starts to taper towardsftiont near where the front observers sit, butia@'t believe this provides a
substantial increase in sighting area. We are nedmyp confident there was no animal response taiticeaft at the survey height
and speed, so point-independence (i.e., obsergagiaonly assumed independent at the track-knappropriate.

Models with various permutations of detection fumetshape (i.e., half-normal versus hazard-rate) \ariables which may
affect scaling of the distance sampling and madajpéure model components (i.e., distance, siglitghbiroup size and sea ice
concentratiof) were fitted and model selection was via miningsihe Akaike information criterion (AIC) (Akaike 18). As
pack-ice concentration changed so frequently, &etisswvere split into (approximately) 10 second segs) within which ice
concentrations and other environmental covariatesassumed to be homogenous. A design-based {g3ldensity estimate was
derived for each stratum, incorporating the prolitstof detection for each sighting, as estimatexhf the detection function
(Borcherset al. 1998), and total transect length. The varianagh®fstimated density was based on the empirag@nce, (as
presented in Innet al. (2002)).

Results

Coverage

Achieved effort (as achieved stratum boundarieshawn in Figure 1 and summarised in Table 1. Mitails about coverage of
each survey are given in Keligal. (2009; SC/61/1A3) and Kellgt al. (2010; SC/62/1A8).

! Sea ice concentration along track was estimatied stills taken with a vertically orientated dajitamera (mounted in the based of the fuselatfeeddircraft;
image footprint approximate 153 m x 102 m (at anflyaltitude of 228 m)). An automatic classificatialgorithm was developed to take still images estinate
the percentage of sea ice coverage in each imageglbas information on ice pan size and numberages were pre-processed to allow for the survey’s
differing light conditions and then normalised toyide the greatest light contrast. Each pixaheke adjusted images was then classified as &itheor
‘water’ based on the pixel's intensity in the redctrum. An analysis of ‘clumps’ in the images pded a description of ice pan size and number.

For MRDS analysis, estimated sea ice concentratamsummarised into following bins: 0-5%; 5-30%;680%6; 60-90%; and 90-100%.
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Table 1 Details of the 2009/10 aerial survey stratand transects

Stratum Stratum area Phase Start and Total Transect
(nm2) end date Length
- realised (nm) — achieved*
Casey 1 2008 17 668.1 CA12008 11 Dec - 31 De 3397.7
(CA12008) 2008
Casey 1 16 238.3 CAl 16 Dec — 1470.2
(CA1) 27 Dec 2009
Davis Sea South 5181.3 BHO1 29 Dec — 552.9
(DSS) 30 Dec 2009
Davis Sea North 4627.4 BHO1 30 Dec — 393.6
(DSN) 31 Dec 2009
Shackleton 3396.7 BHO1 31 Dec 2009 — 277.9
Polynya 9 Jan 2010
(SCN)
SOWER follow 1081.6 BHO1 16 Jan — 96.7
(SWF) 16 Jan 2010
Casey 2 24 917.8 CA2 17 Jan —
(CA2) 5 Feb 2010
CA2-East 5567.8 CA2 5Feb - 317.4
(CA2E) 5 Feb 2010
CA2-West 19 466.1 CA2 17 Jan — 1814.9
(CA2wW) 5 Feb 2010
Totals 55 559.2~ 4923.8

SC/62/1A9

~Total realised survey area, minus overlapping
areas, is 34 159.9 fim
*Does not include observer break/rest periods.
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Figure 1 The single stratum of the CA1 phase (Vinemes Bay) is in dark green; strata within the BH1 hase (Shackleton Ice Shelf and Davis Sea): Davis
Sea South (DSS) given in yellow, Davis Sea North$M) in bright green, Shackleton polynya (SCN) in aga, and SOWER-follow stratum (SWF) in
purple; strata within the CA2 phase (Vincennes Bay)western stratum (CA2W) given in pink and the eastrn stratum (CA2E) in blue. Continuous red

line is the 1000m bathymetric contour. See Kellgt al. (2009; SC/61/I1A3) for map of CA12008 stratum.

Sightings

Combined minke and ‘like’ minke sightings, by obsmrand strata are given in Table 2. See Ketlgl. (2009; SC/61/IA3) for
further details of minke whale sightings in the 8@® aerial survey (i.e., CA12008). Sighting infation below largely repeated
from Kelly et al. (2010; SC/62/1A8). (Duplicated sightings are alésplayed in the top row of Figure 4.)
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Table 2 Numbers of minke whale and ‘like’ minke whée sightings within each stratum, for both primary (front) and
secondary (back) observers; total number of individal animals given in brackets.

Stratum Primary observer Secondary observer Both Tl
CA12008 38 (59) 36 (53) 23 (37) 51 (75)
CAl 2 (3) 1(2) 1(2) 2 (3)
DSS 3(4) 2(2) 2(2) 3(4)
DSN 3 (5 1(1) 1(1) 3(5)
SCN 2(2) 2(2) 1(1) 3(3)
SWF 3(9) 2(8) 2(8) 3(9)
CA2W 7 5 (5) 2(2) 10 (10)

CA2E 1(2) 1(1)
Total 59 (90) 49 (73) 32 (53) 76 (110)

The distributions of minke whale group-sizes fotthsurvey years are given in Figure 2. Sightingsingle animals
are by far the most common across both survey ybbran group size, with standard error, by straisigiven in
Table 3.
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Figure 2 Distribution of group-sizes of minke whalesightings across all survey phases, for both th&®@8/09 and 2009/10
aerial surveys.

Table 3 Mean group size by stratum, with standard eor.

Stratum Stand. error
Mean group-size group-si ze
CA12008 1.37 0. 06
CAl 1.45 0. 40
DSS 1. 30 0. 22
DSN 1.53 0.09
SCN 1.00 0. 07
SWF 2.32 0. 96
CA2W 1.00 0. 08
CA2E 1.00
Overal | 1.32 0. 08

Distance Analysis

Comparing the AIC from all permutations of the atiten functions and potential scaling variables, thost promising
combination was a hazard-rate detection functidh @idistance sample model scaled by group-sizémmed sea ice
concentration; and a mark-recapture model spedifiedistance and group-size; fitted detection fiomcgiven in Figure 4. The
estimated mean detection probability at the trawi-dor the primary observer was 0.83 (CV = 0.06) pooled probability of
detection was 0.97 (CV = 0.02). The distance andissize parameter estimates behaved as expeetedtidn probability
decreasing with distance and increasing with grsimp-(data not shown). Estimated detection proltabilso increased slightly
with the binned sea ice concentration variablea(dat shown). This is curious as, generally spepkire ability to see minke
whales decreases with increasing ice concentratowever, the addition of the binned ice concemravariable only improved
model fit by a small amount and, so, its slightbsipive parameter estimate may be a spurious result
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Figure 3 Conditional detection functions for the ‘pimary’ and ‘secondary’ observers. Plots in top rowshow proportion of sightings by one observer
duplicated by the other (filled sections of bars)Plots in middle row show MRDS detection functionswith the circles showing the estimated probability
of detection for each sighting. Plot in bottom rowshows detections pooled across both observers.

Relative Densities

Estimated relative densities of groups and indialdper krf)) are given in Tables 4 and 5, respectively. Oénsthat estimated
density of groups (and individuals given mean grsizg was just above one) in the 2008/09 aerialesuwas around ten-times
that of the 2009/10 survey in the Vincennes Bag ére., CA12008 vs. CAL; inference based on pestimates). Estimated
density of minke whales in the Vincennes Bay ie l&nuary- early February 2010 was 2-4 times hitftar in December 2009
(again, based on point estimates). Estimated deinsihe SWF (SOWER-follow) stratum should be teghtvith care given
relatively small stratum area. Estimated minke llignsity in the north of the Davis Sea is alntlmstble that estimated in the
south of the Davis Sea.

Table 4 Estimated relative densities (per ki) of schools across each stratum

Stratum Stratum Density cv Lower 95% Cl Upper 95% Cl
Area (knf)

CA12008 60600. 0 0. 0074 0. 09 0. 0062 0. 0088
CAl 55695. 8 0. 0007 0.72 0. 0002 0. 0025
DSS 17771. 4 0. 0028 0. 59 0. 0010 0. 0082
DSN 15871.5 0. 0035 0.10 0. 0029 0. 0043
SCN 11650. 4 0. 0047 0.61 0. 0016 0. 0142
SWF 3709. 8 0.0128 0.61 0. 0042 0. 0388
CA2W 66766. 9 0. 0028 0. 33 0. 0015 0. 0053
CA2E 19097. 0 0. 0017 1.01 0. 0003 0. 0090

Tot al 190562. 7 0. 0036 0.13 0. 0028 0. 0047
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Table 5 Estimated relative densities (per kA) for individual animals across each stratum

Stratum Stratum Density cv Lower 95% Cl Upper 95% Cl
Area (knf)

CA12008 60600. 0 0.0101 0.10 0. 0083 0.0122
CAL 55695. 8 0. 0010 0.74 0. 0003 0. 0037
DSS 17771. 4 0. 0037 0.61 0. 0012 0. 0110
DSN 15871.5 0. 0054 0.12 0. 0042 0. 0069
SCN 11650. 4 0. 0047 0.61 0. 0016 0. 0142
SWF 3709. 8 0. 0296 0. 63 0. 0094 0. 0928
CA2W 66766. 9 0. 0028 0.33 0. 0015 0. 0053
CA2E 19097.0 0. 0017 1.01 0. 0003 0. 0090

Tot al 190562. 7 0. 0048 0.13 0. 0037 0. 0062
Discussion

According to an MRDS analysis on double-platformvey data from an aerial survey over two conseeutivmmers in east
Antarctica, the relative densities of Antarctic k@nwvhales in pack-ice can change considerably betiiveen years (in the same
location), within a single summer (in the same timeg and across a 20° section of longitude.

In the Vincennes Bay area, relative density of minkales in December 2008 was around 10 time®ftdensities observed in
December 2009. An obvious difference between tlaesyis the amount of ice sitting within and to tioeth of Vincennes Bay.

By the end of December 2008, Vincennes Bay walgmgpen (note: but not truly ‘open’ in the sensattan IWC-SOWER
vessel could travel through) (Kelgy al. 2009; SC/61/1A3). During December 2009, a banHdigli-concentration ice (on
average, 60 nautical miles in north-south exteattftse north of Vincennes Bay. Perhaps minke whatgs not bothering move
through this high ice concentration to reach thigma to the south (although we certainly obseraeiinals in high ice
concentrations during both survey seasons). Intiaddithere had been no substantial recessioreafver the shelf-break (in east
Antarctica, this occurs along the 1000 m bathyroatointour) during December 2009, as opposed tobleee2008: a process
generally considered important in stimulating Antarkrill growth and development (Nicet al. 2000). It may be that by late
2009, Vincennes Bay only supported modest krillretances.

There was also an intra-season increase in reldéimsity of minke whales in Vincennes Bay: estimatensity of minke whales
in the Vincennes Bay in late January- early Fely@&10 was 2-4 times higher than in December 206@3€d on point
estimates). By late January 2010, the thick briofgee to the north of the bay had thinned somewingtthe ice edge had
receded south around 30 nautical miles; this mag iacreased access to the polynya and increasedétt/recession over the
shelf-break. These two factors may have increaseddative attractiveness of Vincennes Bay to miwkales over the 2009/10
summer period. It may also be the case that feviekanwhales had migrated that far south by the firmse of the 2009/10
aerial survey, as compared to 4-6 weeks lateranast phase.

As we don't have repeat surveys over the Davisgddmya (either inter- or intra-summer season difficult to begin to
interpret the estimated minke whale densities tHeegtainly by late December 2009 surrounding paekto the north and west)
had started to thin substantially as compared iteeén December (see Figures 6 and 7 of Ketlgl. (2010; SC/62/IA8)). It

may be that the higher density of minke whalesiériorth of the Davis Sea, as compared to the sputireas, were responding
to higher krill abundances forming as ice was mglitieceding over the shelf-break in December 2009.

It should be stressed that analyses, and subseiqbenpretations, presented in this paper arerpiediry. These results are
presented here to stimulate discussion as to l&elyronmental influences and resultant minke wipalgulation movements in
east Antarctica. These preliminary analyses poiffiiuttuating minke whale densities in pack-ice oy summer months and
between years and this should be of interest toefterd attempting to estimate minke whale distitouand abundance.
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