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B A C KGR O U N D

T he“ tandem ” aerialsurvey technique,laterm odifiedas“ racetrack” ,w asdesignedtoestim atethetotal
num berofharbourporpoisesinaspecifiedregionusingdatacollectedfrom a‘planeflyingrandom
transectsacrosstheregion. Itusesthefrequency distributionofperpendiculardistancey tosightingsleft
andrightofthetransecttoestim atethe“ sightingfunction” g(y)w iththenum berofresightingsm adefrom
thetrailing‘planeorduringthetrailingsectionofa“ racetrack” flightpatternusedtoestim ateg(0). g(y)
thengivestheeffectivestripw idth(ES W )w hichinturnestim atesofthenum berofporpoisesintheregion
from thetotalnum berofsightings.

T hetandem ‘planesseparationorracetrackpatternisdesignedforthetrailingsectiontooverfly the
positionofaporpoisesighting3 m inutesafterthesightingoccurred. W eassum ethattheprobability a
porpoiseisatthesurfaceatany givenm om entisindependentofw hetheritw asatthesurface3 m inutes
earlier. Itisim possibletom onitorthepositionofaporpoiseduringthose3 m inutesandporpoisesarenot
distinctively m arkedsoclassifyingaporpoiseseenduringthetrailingsectionasaresightingofoneseen3
m inutesearlierdependsentirely onitsobservedlocationrelativetow herew eexpecttoseeit. Continuous
gpsrecordingduringtheflightscom binedw iththeobserver’sestim atesofy andthesw im directionofeach
porpoiseseenallow sustocalculatetheexpectedlocationofatrailingsighting.

Invery low density regionsatrailingsightinganyw herenearitsexpectedlocationisalm ostcertaintobea
resightingbutrestrictingpotentialresightingstovery low density regionsw ouldnotprovideenoughdata.
W ethereforeacceptalltrailingsightingsaspotentialresightingsofporpoisesseenabout3 m inutesearlier.
Insteadofclassifyingany ofthem asdefiniteresightingsw econsiderallconfigurationsofthetrailingas
possibleresightingsoftheleadingsightings(includingnoneofthem beingresightings)andassigna
probability toeachconfiguration. T hoseconfigurationsform anexhaustivesetofm utually exclusiveevents
sotheprobability oftheobservedtrailingsightinglocationsisthesum oftheprobabilitiesofeachpossible
configuration. T heprobabilitiesarecalculatedusingam odelfordisplacem entovertheintervalbetw een
theleadingandtrailingsectionsincom binationw iththesightingfunctiong(y). T hedisplacem entm odel
m ovestheporpoiseinthedirectionrecordedby theobserverfollow edby diffusionfrom theresulting
locationtoallow fordifferencesinsw im m ingspeeds/durationsandm easurem enterror(w ithdiffusiononly
inthecaseof“ m illing” behaviour).

T heparam etersofthedisplacem entareunknow nandareestim atedalongw iththesightingfunction
param etersby m axim isingthesum oftheconfigurationprobabilities. T hatm eansthatthedataareusedto
estim atetheparam etersofam odelthatisitselfusedtoaffecttherelativeprobabilitiesoftheobserved
configurations. Intuitively thedisplacem entm odelselectsthe“ correct” configurationsw hichinturn
generatethedisplacem entsusedtoestim atetheparam etersofthedisplacem entm odel.
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P A R A M ET ER S R EL A T ED T O T HE P O R P O IS ES A N D T O T HE O B S ER VER S

T heparam etersofthedisplacem entm odel(“ sw im m ingspeed” andthestandarddeviationofthebivariate
norm aldistributionusedtom odeldiffusion)relatetoporpoisebehaviourw hichm ightbeexpectednotto
differbetw eensurveys.T heparam etersofthehazardratesightingfunctiong(y)relatetoobserver
behaviourandthatm ightbeexpectedtochangebetw eensurveys,asm ightg(0)andthereductioninthe
scaleparam eterofthehazardratein“ m oderate” ascom paredto“ good” conditions. O neapproachis
thereforetocom bineallavailabledatatoestim atethedisplacem entm odelparam etersandusethoseas
fixedvaluesfortheindividualsurveysw iththehazardrateandg(0)param etersre-estim atedforeach
survey. Analternativem orerestrictiveapproachistocom binedataandintroducethesurvey team asa
covariateaffectingoneoftheobserver-relatedparam eters,forexam pleg(0).

T w ofurtherparam etersw ehaveconsideredconcernpossibledifferenceinobserverbehaviourduringa
trailingsection. O bserversm ay bem orealertduringatrailingracetracksectionresultinginahigher
probability ofseeingaporpoiseandareduceddelay inrecordingthesighting. A 0.03 km (equivalentto0.6
seconds)reductioninthatdelay ontrailingsectionsw asm easuredusingvoicerecordingsm adeduring
earliersurveysandthatisusedasafixedvalueforthecurrentsurveys. How everpreviousattem ptsto
estim ateanincreaseinthesightingprobability ontrailingsectionsm orethandoubledtheCV oftheES W
estim ateandthecurrentanalysesassum ethatany increaseinalertnessislim itedtothereduceddelay
m entionedabove.

C O M B IN IN G A L L A VA IL A B L E A ER IA L S U R VEY DA T A

Datafrom allsevenS CAN S -IIIaerialsurveysw erecom binedw iththeaerialsurvey datausedtoestim ate

ES W inS CAN S -IIandsubsequentsurveysinGerm anandN etherlandscoastalw aters. By com biningthe

“ leg” and“ sig” filesonly dataalready correctedforproblem sencounteredduringtheflightsw ereused.

T hefollow ingscreenshotdisplaystheresults:
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T heupperpicturebox show sthelocationofthetrailingsightingrelativetoitsexpectedlocationforall

leading/trailingpairsw herethetrailingsightingoccurredw ithin60softheexpectedtim eforaduplicate

sighting. Becausetheexpectedlocationallow sfortheinitialdisplacem entm entionedabovethelocations

show nvary w iththevalueinthe“ sw im ” textbox. T hehorizontalaxism inortickm arksrefertoa2 second

differencebetw eenobservedandexpectedtim eequivalenttoadistanceseparationof100 m etressothe

entireaxisspans6km .

Inthelow erplottim edifferencesunder30sareshow nasafrequency distribution. Duplicatesightingsof

thesam eporpoiseshouldoccurw ithinafew secondsoftheexpectedtim e. T heplotthusshow sapeak

aroundthem iddlesuperim posedonauniform distributionofdifferencesresultingfrom sightingsof

differentporpoises.

T hetextboxessurroundingtheupperpictureboxdisplay theM L param etervaluesw herethecheckbox is

checkedorfixedvaluesotherw ise. S otheM L estim atesforsw im speedandforthestandarddeviationof

thenorm aldistributionresultingfrom diffusion(dsd),tobeusedasfixedvaluesfortheindividualsurveys,

are0.58and0.19 km . T hem axim um likelihoodestim ateforsw im m ingspeedism uchlessthatw ouldbe

expectedfrom telem etry studiesbecauseitisappliedduringthew holeleadingtotrailingsectioninterval.

W ecouldequivalently assum eam axim um sw im m ingspeedandintroduceafreeparam eterforits

duration.
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Ifthesam eeffectivestripw idthw asassum edtoapply forallsurveysitw ouldbeestim atedat0.166km

and0.083 km undergoodandm oderateconditions,correspondingtog(0)of0.416 and0.21 respectively.

T hecoefficientofvariation(CV)forES W undergoodconditionsis0.13 andforES W underm oderate

conditionsisalso0.13. “ M oderate” ascom paredto“ good” conditionshavealm ostnoaffectonthescale

param eterofthehazardratefunctionandthusthedistanceouttow hichporpoisesareseenbutam arked

affectong(0).

C O M B IN IN G P R E-S C A N S -IIIA ER IA L S U R VEY DA T A

T heaerialsurvey datausedtoestim ateES W inS CAN S -IIandsubsequentsurveysinGerm anand

N etherlandscoastalw atersw erecom bined. T hefollow ingscreenshotdisplaystheresults:

Ifthesam eeffectivestripw idthw asassum edtoapply forallsurveysitw ouldbeestim atedat0.18km and

0.071 km undergoodandm oderateconditions,correspondingtog(0)of0.428and0.174 respectively. T he

coefficientofvariation(CV)forES W undergoodconditionsis0.13 andforES W underm oderateconditions

is0.14. “ M oderate” ascom paredto“ good” conditionshavelittleeffectonthescaleparam eterofthe

hazardratefunctionandthusthedistanceouttow hichporpoisesareseenbutam arkedeffectong(0).
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C O M B IN IN G S C A N S -IIIA ER IA L S U R VEY DA T A

T heaerialsurvey datafrom allsevenS CAN S -IIIteam sw erecom bined. T hefollow ingscreenshotdisplays

theresults:

Ifthesam eeffectivestripw idthw asassum edtoapply forallsurveysitw ouldbeestim atedat0.138km

and0.109 km undergoodandm oderateconditions,correspondingtog(0)of0.364 and0.279 respectively.

T hecoefficientofvariation(CV)forES W undergoodconditionsis0.16andforES W underm oderate

conditionsis0.17. Again“ m oderate” ascom paredto“ good” conditionshavelittleeffectonthescale

param eterofthehazardratefunctionandthusthedistanceouttow hichporpoisesareseen(actually a

slightincrease).

T heobviousdifferencebetw eentheS CAN S -IIIandpre-S CAN S -IIIresultsisam uchreducedeffectof

recordedsubjectiveconditionsonES W andg(0). AsaresultES W isnow reducedundergoodandincreased

underm oderateconditions.
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S C A N S -IIIIN DIVIDU A L S U R VEY R ES U L T S

T eam 1
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T eam 2

T eam 3
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T eam 4
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T eam 5
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T eam 6
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T eam 7

S C A N S -IIIIN DIVIDU A L S U R VEY R ES U L T S S U M M A R Y

T henum berof“ circles” (i.e.racetracks)show ninthe“ Circlingresults” aboveincludethoseflow non

speciesotherthanporpoises. T hesum m ary tablebelow isforporpoisesightingsonly. T hesecondcolum n

show sthenum berof“ L eading” sightingsthatinitiatedracetracksandthethirdcolum nthenum berseenon
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thetrailingsection(betw een“ rejoin” and“ circle” ). O ccasionally therew asm orethanoneporpoise

sightingbeforethe‘planebrokeofffrom thetracksothenum berofracetracksm ay beslightly lessthanthe

num berofL eadingsightings. T hepenultim atecolum nshow stheT railingsightingsasafractionofthe

L eadingsightingsandinthefinalcolum ncom paresthattotheaverageg(0)estim ateovergoodand

m oderateconditions.

Intuitively,assom epotentialresightsm ay be“ new ” porpoisesratherthanresightingsoftheL eading

porpoises,w ew ouldexpectthepotentialresightfractiontobegreaterthanthetrueg(0)butontheother

handtheriskthattheL eadingporpoisem ay m oveoutofvisiblerangesuggeststhatthepotentialresight

fractionw illbelessthang(0).

T eam

L eading

porpoise

sightings

T railing

porpoise

sightings

ES W _good

(CV)
g(0)_good

ES W _m od

(CV)
g(0)_m od

P otential

resight

fraction

Average

g(0)

1 28 5 .054 .173 .032 .13 .179 .152

2 45 10 .173 (.33) .54 .017(.45) .054 .22 .297

3 16 3 .031 .092 .01 .031 .188 .062

4 34 16 .241 (.38) .449 .155 (.38) .328 .471 .389

5 18 5 .119 .363 .082 .232 .278 .298

6 41 23 .242 (.20) .611 .123 (.30) .437 .561 .524

7 6 3 .068 .149 N /A N /A .5 .068

Actually thevaluesinthelasttw ocolum nsarequitesim ilar. Forteam s3 and7averageg(0)ism uchless

thanthepotentialresightfractionbutineachcase2 ofthe3 trailingsightingsoccurredm orethan30

secondsfrom theexpectedtim eforaresightingoralm ost30 secondsfrom thattim esothosew erehardly

potentialresights. T hus,theg(0)estim atesaregenerally inlinew ithw hatw ouldbeexpectedintuitively.
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DIS C U S S IO N

Incom m onw ithany m ark-recaptureexperim entthetandem /racetracktechniqueneedsalargenum berof

“ recaptures” toestim atethecaptureprobability (inthiscaseg(0)andthereforeES W )reliably.T he65

trailingsightingscollectedby thesevenS CAN S -IIIteam sprovidereasonably reliableestim atesofES W

undergoodandm oderateconditions(CV 0.16 and0.17)andifallthosedatahadbeencollectedby the

sam eteam w ew ouldnow haveareasonablem easureofthatteam ’sES W s. T hatm easurew ouldbeeven

m oreaccurateifthesam eteam hadcollectedallthepreviousracetrackdata.

T hereisobviously alim ittothesizeoftheregionasingleteam cansurvey w hichcreatesadilem m a:m ost

oftheteam scooperatingtosurvey alargeregionw illnotcollectindividually sufficienttrailingsightingsto

estim atetheirindividualES W sreliably. O fthesevenS CAN S -IIIteam sonly threecollected10 orm ore

trailingsightingstogivefeasibleES W estim ates. EventhosehavelargeCVs. T heindividualresultsw ere

basedonthedisplacem entparam etervaluesestim atedby com biningallthedatabutsim ilarresultsw ould

havebeenproducedby introducingateam covariate.

T husw ehavetoassum ethattheactualES W saresufficiently sim ilarfortheestim atesfrom theS CAN S -III

datacom binedtobeusedforeachteam . T hatsolutionseem sappropriateforderivingatotalabundance

estim atebutlessappropriateiftheobjectiveistoderiveaspatialdensity distributionbecausetheactual

ES W sm ay differbetw eenteam s.

A possiblesolutionm ightbetouseasastandardm easuretheES W forasingleteam thathascollectedover

tim ealargesam pleoftrailingsightingsandhavethatteam andtheotherteam sfly (underthesam e

conditionsandw ithoutcircling)atransectacrossahighdensity region. T hestandardES W tim estheratio

ofsightingsby eachteam tosightingsby thestandardteam w ouldthenbetheES W forthatteam . T he

transectcouldbedividedintosectionstoassessthereliability oftheratios.
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A DDEN DU M ,12.12.2016

B Y A N IT A GIL L ES

DuringS CAN S -IIIw ealsousedtheracetrackm ethodtoestim ateesw forotherspeciesthantheharbour

porpoise,likethem inkew haleandsom edolphinspecies.W em adesurethattheracetracksshouldonly be

perform edw ithsightingsofsm allgroups(10)sincethem ethodisprobably unfeasibleforspecies

occurringinlargergroups.

Itw asnotpossibletocollectenoughracetrackdata(andpotentialre-sightings)toestim ateesw for

individualdolphinspecies.T herefore,w ecom binedracetrackdataofthefollow ingdolphinspecies/groups:

Delphinusdelphis,S tenellacoeruleoalba,Delphinussp.orS tenellasp.,L agenorhynchusalbirostris,L .acutus,

T ursiopstruncatusand“ U nidentified‘beaked’ dolphin(Delphinidae)” yieldingatotalof55potentialre-

sightings.Inthisexercise,w ealsoassum edthattheselecteddolphinspeciesspendasim ilarproportionof

tim eatthesurfaceandratesofdisplacem entaresim ilarw ithinthesespeciesandratesarealsosim ilarto

porpoisesintheirdistributionofdisplacem entduringtheleading/trailinginterval.
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M inkew hale(bacu)

Forthem inkew hale,atotalof8potentialre-sightingsw ererecorded,w hichw astoolow tostratify andto

estim ateesw forgoodandm oderateconditions.T herefore,asingleesw w asestim ated,w hichis0.154 km

(CV=0.42),correspondingtoag(0)of0.302 w hichseem sreasonableforthiscrypticspecies.P leasenote

thatinthefigurebelow theresultfor‘good’ conditionsshouldbeignored.Duetoasim plificationofthe

analysisintheprogram m eR acetrack,allsightingsw ereassignedtohavebeenrecordedunderm oderate

conditionsinordertoretrieveasingleesw estim ate.
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Dolphins

Forthecom bineddolphinspecies,theeffectivestripw idthw asestim atedtobeat0.39 km (CV=0.13)and

0.213 km (CV=0.14)undergoodandm oderateconditions,correspondingtoag(0)of0.805 and0.414

respectively.

T hehigherg(0)fordolphinsseem sreasonableandcouldresultfrom largeraveragepodsizeincreasingthe

probability thatatleastonem em berofthepodisathesurfacenearthetracklineastheplanepasses.


