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ABSTRACT

Kelly et al (2011; 2012) discuss the use of passive acoustic to assist in tracking whales in the upcoming Antarctic Blue Whale Project, an initiative
under the Southern Ocean Research Partnerships (SORP). A key part in scoping required survey effort is the expected number of whales that will be
encountered. In this paper we would like to explore what encounter rates are plausible using acoustic-assisted tracking of whales, as opposed to a
traditional visual-only survey (such as IDCR/SOWER). We approached the problem in two ways: a simplified abstract calculation based on area
covered and a discrete-time individual-based simulation of whales and survey vessel. Reassuringly, both approaches gave similar results, and when
compared to results from pilot survey in the Bonney Upwelling region off the south-east coast of Australia, gave numbers of encounters close to
those observed. Applying the passive acoustic simulation methods to the Antarctic we came up with a range of potential encounter rates heavily
dependent on longitudinal region, as well as the population growth assumption used. As a general guide, it appeared unlikely that the whales-marked
per planned survey day would exceed 4. On the other hand, it seemed that we could expect a rate of at least 1 whale per planned survey day. Given
the lack of data, and the large number of blanket assumptions, abstractions, and approximations required in this simulation exercise, we are
definitely not proposing we can estimate, with any degree of accuracy or precision, the expected number of daily encounters of Antarctic blue whales
given the information currently to hand. While numbers reported in this paper should not be taken too literally, such simulations do provide a
framework to investigate the performance of an acoustically assisted mark-recapture survey for blue whales. Thus, we were able to estimate the
expected order of magnitude of the number of acoustic-assisted encounters of Antarctic blue whales.

INTRODUCTION

The Antarctic Blue Whale Project (Kelly et al 201&#ns to collect photos and biopsies as part ang term mark-recapture
sampling programme in order to estimate circumpabamdance. In order to estimate abundances wituade precision, mark-
recapture methods can require large numbers ofleartpgenerate subsequent recaptures, the stafgin which the abundance
calculations rest. Given that densities of Antaréiue whales in the Southern Ocean are still I[despite around 45 years of
protection and population recovery (Branch 20043sive acoustics (e.g., DIFAR sonobuoys) will bedut help track this

species, with the aim of increasing encounter ratesng a voyage in early 2013 (Miller 2012; Wadkt al. 201). To examine
feasibility and inform design (see Kelly et al 202012) it would be useful to have some estimatéhefexpected number of
samples (or marks) that will be collected ovenangisurvey period.

Given the small amount of information at hand contgy Antarctic blue whales and how they may bekleal using passive
acoustics, it is overly ambitious to aim for a psecestimate of the expected number of samplesthdtl be collected. Instead,
we attempted to come up with the some general al@aagnitude, based on available information anaceted guesses for the
information we do not have.

We approached the problem in two ways. First, uam@bstract calculation based on the area cobsradassive acoustics (i.e.,
the area that could be monitored by a single sooyband various parameters contributing to wheghgroup would be detected
and sampled. Secondly, we investigated an indiVidaaed discrete-time simulation, which allowedacorporate some of the
more complex real world aspects of the acoustitkingy process that could not easily be incorporatexlir abstract calculations.

METHOD

Data and existing information

To inform our calculations/simulations and give soguide to some of the parameter values, we usedd#ta from the
IDCR/SOWER surveys, henceforth SOWER, (in particuldue whale specific experiments) and a recelut @urvey in the
Bonney Upwelling (a seasonal feature off the saabt coast of Australia) for animals thought tglgmy blue whales (Miller
et al. 2012). SOWER can give us information on:
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» Areallocation specific whale density (see Appentible D1)
» General weather conditions (simply bad versus geeather) (see Appendix Table D1)

« Average time taken to photograph and biopsy (L&1 hours, as estimated from 2004/05-2006/07 SO&(EReysS), see
Kelly et al. (2012).

The pilot survey conducted in the Bonney Upwell{isge Miller et al. 2012) was a trial of acoustiackiing on pygmy blue
whales. Two voyages were conducted in January mrMairch, 2012 and were considered a trial run ifacking methods for
Antarctic blue whales in the Southern Ocean. Farpitaper we focused on data from the March voyagéhe tracking protocols
had been refined from the January voyage. Ikiylithere will major differences between the Bonklpwelling/pygmy blues
whales and the Antarctic/blue whales (e.g., difierall types and unknown influences of bathymesgaa temperature and the
presence of sea ice). Hence, not all findings carm¢sumed to be transferable to Antarctic survdyswever, there is some
benefit in looking at the Bonney Upwelling survayterms of getting some understanding for the raaidms at play and a feel
for some of the parameters involved.

From the Bonney Upwelling pilot survey we gathered:

* Average time to acoustically track a group: 2-3rsou

* Probability of successfully tracking a group witheast one calling individual: 0.93.
«  Effective' detection range of possible acoustic tracking3@dm.

e The impact of tracking when visual teams are unabks (i.e., night/bad weather).

e The typical single bearing error produced by theoboioys.

Abstract Model

Let Exs denote the whale encounters (or encounter ratgh@rfrom an acoustic/sighting survey. Two typésncounters will
contribute toE,g, the whale groups that are acoustically trackedrd(E,) and incidental whales that are seen by the vigzah
during tracking or general searchirix(). So,

EAS = EA + ES+. (1)

We can expres&g, as Eq —E, 5, where E, 5 denotes the encounter rate of groups which woeltbbnd by both the visual
team and the acoustics. Therefore,
Exs =EstEs—Eus

The acoustic encounter rat&, can be related to the number of detections, wiverase the terminology of a ‘detection’ to mean
that the acoustics team get a directional bearjrig(a unique group of whales. LBj denote the acoustic detection rate, that is,
how many separate whale groups the acoustic teaactdger unit effort. Introducing a variable to denote the proportion of
detections that are expected to be successfultitdrh the encounter rate can then be expressed as,

E,=D,A.

In the case of the visual encounter ratks, and E, 5, the encounter rate is equal to the detection fdte parametex will

consist of two components; the probability of swsfelly tracking an animal, P3), and the probabilityr, of having enough time
to target and traékthat is,

A =PrS)r.

! By ‘effective’ we mean in the same sense as effect strip width in distance sampling; that is, the distance assuming all available whales are
detected that gives the equivalent area as the real acoustic detection function.

’ For example, if acoustics detected 200 whales a day, given it takes time to track each whale it is physically only possible to track a proportion,
T, of the detections.
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The value of Pi§) will be less than 1 due to issues like; the whaleasing to vocalise, or moving rapidly out ofustic range.
The variabletr will generally be less than 1 as there is not ghatime to track every detection, unless the detecatte is very
low.

Next we consider estimatin®,, Dg, and D, 5, in terms of the effective area covered by theuatios and visual observers.

This was done by making the simplification of justsidering a straight line of routinely deployadis (see Fig. 1)
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Figure1: Simple abstraction to compare area covered betwegilar spaced acoustic buoys and continuousvisiort.

Visual

The detection rate can be expressed as the whasitylel, multiplied by the area covered, and the ‘observation’ probability
(9o for the visual team and the probability the whgteup is singing for acoustics). That is,

D, = A, Pr(Sng)d,
Ds =As090d 4

DAmS = Amsgo F)(g ng)d1

whereA, is the area covered by acoustiésthe area covered by the visual observeks, ; the area of overlap between the two
methods (see Appendix A Fig. Al) and3g) is the probability the group is a vocalising. lden

E, = A, Pr@ng)di ,
Es =As9od g
E s = Ans0oP(SNG)d
This gives an encounter rate of
E, = A, Pr(Sng)dA + A,g,d - A, .9,P(Sng)d

=[A, Pr(Sng)A + Ajg, - A, s9,P(Sing)]x d. "

Details on how the aread, As, and A, ) andt were calculated are given in Appendix A.

For interest, if we wanted to calculate a multipliepresenting the improvement that acoustics pes/over a traditional visual
survey, i.e., m E,dEg, it would be given by

As By A

Obviously, this approach ignores a lot of the keaild nuances and makes some major simplificatifovsgxample:

m=1+ P(Sing)(ii ~ Paas J
(3)

* We do not consider the time aspect of effort, thee,number of whales detected in each circle ofistic coverage is
also a function of the length of time the buoy isnitored, not just the spatial coverage. In effeetare assuming that
whales are stationary and if they are ‘singersy thiag continuously.

3
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»  Simplification of coverage — Obviously when acoustacking, the track line is not straight and so area calculations
will be incorrect. Also, the regularity that bucate deployed will not be as consistent as we haseraed since
deployment rate will be adjusted adaptively to beéatemporal and spatial effort as well as targetéguirements.

* We are assuming that when the vessel stops to fbimpsy an incidental sighting, the target whal& mat be lost i.e.,
due to the whales moving or stopping singing.

Simulation model

So far we have assumed that whales do not movelaodhat acoustic tracking only occurs when visimervers are operating
(e.g., there is no acoustics operating during naghiad sighting conditions). We know that whalesnabve and, as tested in the
Bonney Upwelling study, acoustics can provide useAcking when the visual team is not operatingththis in mind, we
implemented a discrete-time individual-based sitimtamodel. This allowed us to repeatedly simukateustic and traditional
sighting surveyswith various parameters. Given the lack of knogke@n blue whale biology and behaviour we havel ttie
keep the model reasonably ‘simple’. The simulatiwodel consisted of three components:

Whales — Our simulation unit was taken to be groups,individual whales. We experimented with differembdels for whale
movement (See Appendix Table E3 for more detaig\wever, we only consider the random movement aaibaary cases in
this paper. As before it is assumed that a vocaigiroup of whales sing continuously. The effectsimfgers going quiet is
currently crudely incorporated into the generabability of successfully tracking’ parameter.

Acoustic assisted vessel — A simulated vessel dropped sonobuoys and moaséelcbon a number of decision rules (see Appendix
Table E2 for more details). We attempted to repdideow a real vessel would operate. To do this gngpvould be very difficult
and it should be noted that a real vessel/crewdvprdbably track animals more efficiently than esimple rules.

Sonobuoys - Each sonobuoy was given a fixed effective raftigat is the equivalent range for which all singimigales would be
detected) Bearings or cross bearings were received (witbrpand the vessel used these to track down groups

To replicate the effect of overnight tracking, ogi off-effort hours we stopped visual surveys, lllbwed acoustic
monitoring/tracking to continue (this allowed tlveake up to a whale at breakfast’ effect).

Within the simulations presented in this paper waltwith weather in a very general sense, thatast simulation, by adjusting
encounter rates using a predicted amount of dome-tlue to bad weather (e.g., Sightability<2 or Bedw®4 from SOWER
records). This will possibly negatively bias thesults, in the sense that, a) acoustics may possibgrate in bad weather
conditions (albeit at lower performance, due tosadn higher sea-state), and b) the acoustic-basedunter rate may not be
linearly effected by interruptions to effort (eayshort interruption may not actually effect theex@all tracking). The simulation
can incorporate weather directly by using randonetsegments of SOWER data, however we are stllgpireg the data.

We simulated 500 surveys with a time step of 30uteis, counting the number of whales encounteredhande producing an
average estimate @&js Confidence intervals were gained (for the vaviatilue to process error) by adding log-normal etwor
the whale density in each simulation. A detailstldf the simulation parameters and values usgivén in Appendix Table E1.

RESULTS

Bonney Upwelling

For the Bonney Upwelling survey/area we implemenkedabstract calculation and simulations to cakeuthe expected number
of whale encounters (See Table 1). For easier cogsguato the data we report the number of grouierahan encounter rate. A
summary of the data used is given in Appendix Talieand the simulation parameters used are givéppendix Table E1.

Both the calculation and the simulation need aimedé of overall whale density. This was rathefficliit for the Bonney
Upwelling so we used a rough estimate (Appendixe@its the calculations). Based on other poteulimisities in Appendix C
the estimates ranged from 9-19 whale groups.

® Out of interest we included a simulated vessel moving in a standard zig-zag survey design thru the survey area.
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Table 1 : Estimates of expected number of groups encoeditier the Bonney Upwelling survey with assumed 05J0whale groups per Km

Simulation
No whale movement Random whale movement

Approach Empirical Theoretical

No. of groups 13 14 12 12

What does this mean for Antarctic surveys?

If we assumed everything in an Antarctica surves Wwentical to the Bonney Upwelling survey we dodib a quick calculation:
In the Bonney Upwelling survey, 15 whale groupseveacked over a period of 10 ‘good weather’ dd&yswever, we must
consider that night time tracking is not well regeted in the March data from the Bonney pilot gtahd also, some viable
tracks were terminated to return to port to avaidaming weather. So the number of whales trackealdvoe higher, say closer
to 21. This gives a rate of 2.1 whale groups peresable day. Taking into account the time lost ttubad weather (say 49% of
planned time is good weather), we would predictraximately 1 whale groups per planned survey daywéler, as discussed
later, our calculation for the effect of weathertbe acoustic encounter rate is slightly flawed era introduce some negative
bias.

As stated in the introduction, results from the Bey Upwelling may not be directly transferable to Antarctic situation.
Specifically, there are a number of potential défeces that will directly impact our calculatioims Antarctica:

» we would expect a different whale density,

» the effective acoustic range may be further (dueetiter sound propagation, lower noise, and louwdeles),

* we would likely track more distant groups of whaldse to lower density and greater acoustic range)

» time to track could possible go up (due to greateustic range)

» the probability of successfully tracking a groupulebprobably drop (due to lower density, greataustic range and
increased time to track),

e itis possible there will be more whale movement

We applied the simulation framework to an Antarctimtext, where possible making adjustments foemtidl differences. As
per Kelly et al (2012), we considered 10 degreeewdahgitudinal regions within 0-200km of the iceged For each region we
have an estimate of whale density based of CPIBOYWER (see Appendix Table D1). We focused or2thesgions which had
non-zero encounter rate. These densities are peddior 2013, by assuming an 8.2% annual growih (Btanch 2007). Given a
regional whale density, we simulated 500 survegshel20 hours (5 days) in length (including nigfit).include some aspect of
process error we added variation to the densityeslbased on a CV of 0.7 (see Kelly et al. 20Ba¢h survey replicate gives us
an estimate of the number of whale groups encoeditéirom each set of 500 replicates we can cacula¢ mean encounter rate
and the 95% Confidence intervals (see Fig. 2).

We assumed that acoustics passively tracked wbakrsight (between 6pm and 6am) but currently waatoconsider the effect
of weather directly within the simulation framewoM/e instead applied a weather correction to tHertepost-simulation.

Appendix Table D1 gives the estimated weather bageBOWER. Hence, for each region we obtained atheeaadjusted

encounter rate (see Fig. 3).

There was not a large difference between assuntatigpisary whales versus whales moving randomlyawrages between the
two are given. Although, counter to the resultssee later in Fig 6, incorporating random whale ement generally gave a
higher encounter rate than using stationary whales.

It should be noted that these encounter rates titake into account the issue of recapturing preslip found groups within a
season (see Kelly et al. 2012). Furthermore,i;ghper, we only report the number of expectedeniers, leaving the issue of
probability of successfully photographing/biopsyindgKelly et al. (2012).
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Figure 2: Plot of the expected number of groups encountgeecurvey day, ignoring weather completely, drerelationship to whale
density. Comparing the simulation estimate (soli¢)ito the abstract calculation (dashed line) amdditional visual only survey (fine dotted

line).
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Figure 3: Simulation results for each 10 degree longitatiirgion. The solid line denotes the expected rmrrobencounters per planned
survey day (i.e. bad weather is taken in consid®rgtthe dashed line is the 95% confidence infehased on a 0.7 CV on the density
estimates.

EXAMINATION OF SENSITIVITY

To address uncertainty in the simulation paramgteestested several scenarios to see how sentiigvénal simulated results
were to parameter values. To simplify matters vk td density levels that reflected the range ofaea densities in Appendix
Table D1. Using these densities we ran simulatédngrious parameter values.



SC/64/SH26

Effective acoustic range

To explore the sensitivity of encounter rate todheustic effective range we simulated at effectargges (10, 25 and 50 km) and
plotted the result (Fig.4). As expected decreatiegeffective range gave less whale encouhtéirss interesting that you can see
that for low effective range the result is appraoaghhe linear response that we would expect frana@itional visual survey.
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Figure 4: The effect of assumed acoustic effective rangthe number of whales encountered.

Probability of a group singing
Similarly, we investigated the sensitivity to thesamed proportion of whale groups vocalising (Sge%). As expected the less
animals vocalising the less whales were encountered
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Figure 5: The effect of assumed proportion of whale groupgisg on final number of groups found

> To add realism in the simulation there was an ad-hoc signal discrimination that gave chasing preference to whale calls with roughly high

signal strength (<30km away), so that may cloud these results
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Whale Swim Speed

We investigated the effect of whale swimming speadhe simulation results (see Fig. 6) and fourad the whale swim speed
did not effect the result as much as the otherrpatars. This may be in part due to our rudimentaoyement models (i.e.
random movement). We began examining more coniplicavhale movement models. However, a simpler nioygortant
guestion would be to investigate the effect of noiform spatial clumping of whales.

Whale swim speed
— 3.5km/hr

-=== 7.5 km/hr
14.0 km/hr

Expected encounter rate
3
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Figure 6: The effect of assumed whale speed on the numigmnoaps found

SUMMARY AND DISCUSSION

For the Bonney Upwelling survey it is encouragihgttboth the theoretical and simulation approagee®rally agreed with the
numbers of encounters seen in the real data. Ehargh there is some circularity (given that théneation/simulation used
parameters derived from the real data) it was teags

This work was meant as an exploratory analysisjrabrer of the parameters/assumptions could easiiyproved:

* We could investigate our alternate whale movemeasdets, and the effect of a clumped spatial what&idution.

* The decision on what value to use for effectiveustio range was difficult. We did calculate thetaiee travelled to
targeted whales from the Bonney Upwelling datavirk to estimate the detection range is still angoUsing the
effective circle may also introduce negative b@the time to track, if the true detection functismot very linear.
Therefore, one possible improvement to the simutatiould be to use an assumed detection-distanctida (eg. based
on acoustic propagation).

« The handling of weather may have issues, the stionlé already set up to take random weather wirsdivom
SOWER, and this would allow us to better incorpethte effect of acoustics operating during margivedther.
However, the efficiency of acoustics in various thea conditions is unknown.

We attempted to be conservative when setting paeamand assumptions. Some possible biases are:

e Our simulated vessel uses memory-less decisionngdki.g., when in search mode the simulation do¢se@ad in the
general direction of previously untracked deteaionknown dense areas. So a real survey shoutdhigfner encounter
rates.

* We assumed full uninterrupted acoustic usage, rgghreakdowns, or other issues which would lovker éncounter
rates.

* We extrapolated regional densities to 2013 by dpglthe 8.24% population increase to the SOWER'HIGRNsities.
However, this is assuming that population increagplies uniformly across space. In other wordst #iaregions
increase at the same rate. This may not be the eapedense regions may overflow and spreadighbering regions.
Therefore, the estimates could possibly overeséraatounter rate for the densest regions.

9
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For the 10 degree longitudinal Antarctic surveyiosag we got a range of expected encounter ratey, dependent on the
regional whale density and the expected regionalhez. Despite the simplifications made, ovelts abstract calculation gave
very similar answers to the simulation. Althoudte tbstract calculation gave lower estimates asevdensity increased.

It was interesting to see how the encounter rateafi@cted by the various parameters:

« Increased whale speed/movement seemed to haveflessthan the other parameters
e Increasing acoustic range showed diminishing maige&turns and had less effect in dense whale sosna
e The proportion of singers had less effect than xpeeted

There are many unknowns, approximations and assomspinvolved in these calculations. Therefore, #wtual values of

encounter rate that we reported are very unceft@pond what the C.Is indicate). Even so, we dbtfée work does give some
general idea about the order of magnitude of tlw@@mter rates from acoustic assisted surveys. ¥anple, generalising across
the denser regions we would find it very unlikehat acoustics would provide more than 4+ whalesptemned voyage day.
Similarly, conservatively we would expect at lehsthale per planned day.
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APPENDIX A : AREA CALCULATIONS

This appendix details the area calculations usetienabstract method. For non-overlapping circleacoustic coverage, given
buoys are dropped evelykm, a total transect length isand an effective acoustic rangerdfm (see Fig. Al), the number of
regular buoys dropped equals L/K. This gives:

AA=£T[2

A s =£ESNSI’
K , Ay =ESW L, and K

AAﬁs is approximated as a rectangle, in other wordgygwered the rounding of the circle.

For overlapping acoustic circles (we will ignorectés that do not overlap enough to cover the Vistiactive strip width),

L L
A, =—(7r? - overlap) A, o =—ESWK = A,
K A =ESW,L,and K 7

AA < K > AA"S
™ Y N

Figure Al: Area covered between regular spaced acoustit effid continuous visual effort, for the overlagp(teft) and non-overlapping
(right) cases.
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APPENDIX B: ESTIMATION OF T

If we assume detections occur according to a Poipsacess, then the expected time period betwetectins is 1D,. Lettingty
andty denote the average time to track and time to mesgectively, then we can write the expected timdetect, track and
mark a group as Dj + ty + ty. Similarly, when a group is tracked but not found,time is spent marking and the time could be
expressed as DA + tr. Noting that successful tracking happens with phility Pr(S) we can write the expected mark evané

to be,

Pr(S x (1Da + tr +ty) + (1-Pr@)) x (1Da +1ty)
which equals
1/Dp + t1 +Pr(S) ty
The total time that would be spent marking incidémthales sighted along the way would be
EsT*tw

whereT is the total time in the survey.
So a very rough estimate of the number of encosmteuld be

_ T-EgTt,

1D, +t; +Pr(S),

In our framework we prefer to use
. T-E.Tt, 1
r= —
]/DA +t; +Pr(S)ity D,

_ T-EgTt,
1+ D, (t; +Pr(S)ty )

This estimate will be an underestimate, as it agsuthat during tracking no new targets will be aegli(e.g. the team stop
listening for potential new whales being detectéa)xeality these new detections would be noted @mek the target whale has
been marked, these ‘standby’ whales could be fabhwAlso it assumes that tracking events interduppesample an incidental
whale are not affected by the whale moving awagtopping singing, beyond what is encapsulated byptirameter Pg, the
probability of successfully tracking a whale.

As a check we calculated what the maxinupossible by setting the detection waiting timeéoo,

;o T-EsTt
t. +Pr(Si,,

In other words, given the tracking and marking tirequired there are only so many of the availaleteections/encounters that
could be sampled during the voyage no matter hdektyuthey were available.

APPENDIX C : BONNEY UPWELLING DENSITY CALCULATION

To get a rough estimate of whale density in the iggnUpwelling survey area we first calculated itedily from the number
incidental non-targeted whales seen by the pilatyés visual team, this gave a value of 0.00041levigaoups per kf However,
this is based on a very small sample size. Beybatldoncern it will be an underestimate due tof#toe that whales that the
acoustic team detected and decided to track areamstidered. In a sense we have censored datadeews do not know if a
visual team would have sighted the acoustic targitout the aid of acoustics. We experimented aitlding a proportion of the
acoustically tracked animals based on the propoufathe total survey area covered by the sighsimgey, which increased the
estimate to 0.00057. Finally, we took a rough numidfevhales as 15-22 in each sub-trip (based owesuand previous aerial
surveys); this resulted in a density of about 07000107 whale groups per knGiven these densities, the parametean be
roughly estimated (as described in the Appendiam) for the Bonney Upwelling we calculated a vaiti6.658.

11



APPENDIX D — DATA SUMMARY
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TableD1: As per Kelly et al (2012), 10 degree longitudiregion whale group densities extrapolated from ER/NCPII data, using a 8.2%
growth rate (Branch 2007) for regions with non-zengounter rate.

Region Predicted 2013 Density | Weather proportion of
-18C°W to 18CE (groups per kif) good days
1 0.00069 0.53

3 0.00029 0.34

6 0.00056 0.85

7 0.00042 0.56

8 0.00062 0.33

9 0.00130 0.31

12 0.00010 0.28

15 0.00118 0.37

16 0.00061 0.59

17 0.00388 0.56

19 0.00190 0.66

20 0.00091 0.78

22 0.00024 0.38

23 0.00036 0.45

24 0.00108 0.55

26 0.00022 0.21

27 0.00055 0.46

29 0.00004 0.46

32 0.00060 0.36

33 0.00068 0.48

34 0.00016 0.30

35 0.00024 0.46

36 0.00042 0.52

TableD2: Bonney Upwelling data summary used in calculaion
Data Value Comment
Number of whales tracked 11 Removed data correspgnid night (when active

tracking was not occurring) and when vessel retlinne
to port due to bad weather. Did include effprt

actively tracked as another animal was being tréick

Amount of acoustic effort 102.6 hours corresponding to not actively listening in acoustic
mode (e.g., steaming between buoy locations)

No. of incidental sighted whales 4 2_ of .these were potential detected by acoustics in
hindsight

Amount of visual effort 129.3

Additional Acoustic detections 8 These whales were detected by acoustics but| not

11°
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APPENDIX E: SIMULATION SETTINGS/PARAMETERS

Table E1: Simulation parameters required and estimates used

Parameter Bonngy Antarctic Comment
Upwelling
Vessel speed 13 km/hr 21.3 km/hr
Visual ESW 6.2968 km 6.2968 km Based on CPIIl SGR\Efanch (2007)
0 1 1 Assumed g=1 probably lower but densities based pn
9 go=1 so some cancelation
Could be higher as not the probability of an
Probability of individual singing, all we need is a single malera
group containing a 0.5 group singing. Assuming random sex distribution
singer within groups
Pr(GroupSing = 1- (1- Pr(IndivSing))9>*
3.5 koh feedin We did not have time to apply the more complex
Whale swim speed 4.5 kph > KD ANY| 1 ovement models that allow switching between
20 kph cruising . o
feeding and cruising
Whale movement None See Table A6
Random
Whale density See_ See Table D1 These were chosen to give .a_bout the correct numper
Appendix C of encounters as seen empirically

Acoustic detects

: Assuming whales do not move too much we use this
from a whale group 6 detections per hr . : .
to adjust the bearing variance
per hour
Effective Acoustic 30 km 30 km This is ‘effective’ range actual maximum range
detection range would be higher
Buoy transmission 8 hour
time
Buoy VHF 18.52 km
transmission range
This is reduced in the code due to a humber of
detections/bearings being expected within the time
Bouy Bearing 3 step so some averaging can occur (assuming the
error/variance 15 whales do not move too much) i.e.,
: . varpearin
var(multiplebearings) = varpearing)
ndeitects
Probability of The simulation process already intrinsically covers
successfully 0.93 0.93 this in a way so may need to replace this by E(&/hal
tracking singing time) in future.
Visual effort - Daily period that visual survey is operational
) 6am - 6pm . . ;
Window Acoustic survey goes into passive track mode
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Table E2 : Simulated acoustic tracking decision rules

SC/64/SH26

Mode

Description

Comment

Naive search mode

When no whales are detected by
any buoy the vessel moves
systematically thru the survey are|
by moving to the neighboring
region where it has previously

ahumans could use other knowledg

This is slightly less than optimal
compared to reality, where the
je
to inform the decision on where tg
try, e.g. previous un-tracked

surveyed the least detections.

Follow Bearing

When a single buoy detects a
whale and the vessel was close
enough to the budyt was
appropriate to follow the buoy
bearing in order to encounter the
targeted whale.

Noise was incorporated in the
bearing.

Move to track line

When a single buoy detects a This was replicated as heading to

whale but the vessel is deemed tg ) ;

the waypoint the same distance tk
be too far from the buoy to use the .

vessel is from the buoy but along

bearing the vessel moves closer to .
. o the whale bearing
a point on the bearing line.

Follow Cross bearing

When 2 or more buoys detect a Bearing variance was propagated
whale the vessel moves toward the, 9 propag

X thru to the cross bearing
cross bearing

Table E3: Whale movement options (we only considered thet fiwo in this paper)

Mode Description
None Whales are stationary

In this option each whale moves at the specifiedlatspeed at
Random randomly changing direction (i.e. the directionmges a small randorn

amount each time step) this in effect gives the levhdirectional
momentum.

General search

The whale moves to a local neighboring locationedagn how much

across the survey region

Krill resource depletion

Random krill swarms are placed in the survey aré¢laen not in a krill
swarm whales move at transit speed in ‘search maglen finding krill
whales slow to feeding speed and move thru lodkldapleting it.

o M

whale time has been spent there so far. This esulvhales searching

® The vessel is deemed close enough to the buoy to follow the bearing directly if it is within x km of the buoy and the buoy bearing difference between the whale

and the vessel is less than €, where e is given by the maximum angle, that would put the bearing line within visual (ESW) range at the next time step, that is

£ = tan™*(ESW /2) x vessel speal x timestep
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