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IN T R O DU CT IO N

A seriesoflargescalesurveysforcetaceansinEuropeanAtlanticw atersw asinitiatedin1994 intheN orthS ea

andadjacentw aters(S CAN S 1995;Ham m ondetal.2002)andcontinuedin2005 inallshelfw aters(S CAN S -II

2008;Ham m ondetal.2013)and2007inoffshorew aters(CO DA 2009).Inthem id-1990s,theprim ary needfor

alarge-scalesurvey w astoobtainthefirstcom prehensiveestim atesofabundanceofharbourporpoiseinthe

N orthS eaandadjacentw aterssothatestim atesofbycatchcouldbeplacedinapopulationcontext.T he

m otivationforongoingsurveysistoprovidetheinform ationondistributionandabundanceofcetaceans

requiredby M em berS tatestoreportonFavourableConservationS tatusundertheHabitatsDirectiveandon

GoodEnvironm entalS tatus(GES )undertheM arineS trategy Fram ew orkDirective(M S FD).

T hefrequency ofthesesurveysw asintendedtobeapproxim ately decadalandanew survey w asthus

scheduledforthem id-2010s.T hepreviousS CAN S projectshadbeensupportedby theEuropeanL IFEN ature

program m ebutaproposalforaS CAN S -IIIprojectw ithasurvey totakeplacein2015 w asrejectedw ithout

review .M em berS tatesneverthelessrem ainedcom m ittedtotheprojectandsufficientresourcesw ere

securedtoconducttheS CAN S -IIIsurvey insum m er2016.T hesupportingcountriesw ere:Denm ark,France,

Germ any,theN etherlands,N orw ay,P ortugal,S pain,S w edenandtheU K.Anindependentprojectsupported

by Ireland,O bS ER VE,isconductingsurveysinIrishw atersduringtheperiod2015-2017.

A prim ary aim ofS CAN S -IIIw astoproviderobustlarge-scaleestim atesofcetaceanabundancetoinform the

upcom ingM S FD assessm entofGES inEuropeanAtlanticw atersin2018.S om esurveysgeneratingrobust

estim atesofabundancehavebeenconductedsincetheS CAN S -II/CO DA in2005/2007,asdetailedinW GM M E

(2016),butthesedonotprovidecom prehensiveestim atesofabundanceform ultiplespeciesoverthew hole

ofEuropeanAtlanticw aters.

T hisreportsum m arisesdesign-basedestim atesofabundanceforthosecetaceanspeciesforw hichsufficient

dataw ereobtainedduringS CAN S -III:harbourporpoise,bottlenosedolphin,R isso’sdolphin,w hite-beaked

dolphin,w hite-sideddolphin,com m ondolphin,stripeddolphin,pilotw hale,allbeakedw halespecies

com bined,sperm w hale,m inkew haleandfinw hale.
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M ET HO DS

S tudy areaandsurvey design

T heinitialobjectiveofS CAN S -IIIw astosurvey allEuropeanAtlanticw atersfrom theS traitofGibraltarinthe

southto62°N inthenorthandextendingw esttothe200 nm lim itsofallEU M em berS tates.T hefinal

surveyedareaexcludedoffshorew atersofP ortugalandalsoexcludedw aterstothesouthandw estofIreland

w hichw eresurveyedby theIrishO bS ER VEproject.Coastalw atersofN orw ay northtoVestfjordenw ere

included(Figure1).

Figure1.Areacoveredby S CAN S -IIIandadjacentsurveys.S CAN S -III:pinkletteredblocksw eresurveyedby air;
bluenum beredblocksw eresurveyedby ship.Blockscolouredgreentothesouth,w estandnorthofIreland
w eresurveyedby theIrishO bS ER VEproject.Blockscolouredyellow w eresurveyedby theFaroeIslandsas
partoftheN orthAtlanticS ightingsS urvey in2015.

S helfw atersw eresurveyedby sevenaircraft(Fig1,blocksA-Z),excepttheS kagerrak,KattegatandBeltS eas,
w hichw eresurveyedby theshipR /V Aurora(Fig1,blocks1 and2).Duringthesurvey,thew eatherduringthe
tim eavailabletobeallocatedtoblock1 w aspoor,solittleshipsurvey effortw aspossible.Asaresult,this
blockw asalsosurveyedby air(blockP 1)w ithdesignandcoverageequivalenttotheotheraerialsurvey blocks
– seebelow ).
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O ffshorew atersw estofS cotlandandinthecentralBay ofBiscay w eresurveyedby theshipM /V S koven(Fig
1,blocks8and9).O ffshorew aterstothenorthandw estofS painw eresurveyedby theshipB/O Angeles
Alvariño(Figure1,blocks11-13).T hesizeandboundariesofsurvey blocksw eredeterm inedprim arily by
logisticsbutalsotoencom passdesignated/proposedprotectedareasinsom ecases.T herelatively sm allsize
oftheaerialsurvey blockscom paredtothesizeoftheshipsurvey blocksintheS CAN S andS CAN S -IIsurveys
im proves,tosom eextent,theefficiency ofthesurvey forabundanceestim ationforspeciesw ithapatchy
distributionw ithinthestudy area,asdiscussedby M acL eod(2014)andHam m ondetal.(2014).

S urveysw ithinblocksw eredesignedtoprovideequalcoverageprobability,usingtheequalspacedzig-zag
optioninthesurvey designengineinsoftw areDIS T AN CE(T hom asetal.2010).T hisensuresthateachpoint
w ithinablockhasthesam eprobability ofbeingsurveyed,allow ingunbiasedabundanceestim ationby
extrapolatingestim atedsam pledensity totheentireblock.

Fortheaerialsurveys,overallcoverageprobability w asdeterm inedby availableresources(totalflyinghours).
S earchingeffortw asdistributedequally toallblocks(approxim ately inthecaseofblocksAA,AB andAC),w ith
theexceptionofblocksW andZ inN orw egianw atersw hichw ereassignedapproxim ately halfanddoublethat
probability,respectively,becauseofexpecteddifferencesinrelativedensity.W ithineachaerialblock,three
setsofrandom transectlinesw eregeneratedw iththem inim alaim thatatleastonesetw ouldbecoveredin
eachblock.Ifw eatherperm itted,additionalsetsoftransectlinesw ouldbecovered;w hichblocksw ould
receiveadditionalcoveragedependedonresourcesrem aining,w eatherandnationalpriorities.Additional
sm allsurvey blocksw erecreatedintw oN orw egianfjords(BognafjordnearS tavanger(S VG)andT rondheim
Fjord(T R D))asatrialtosurvey inthesechallengingareas.

Fortheshipsurveys,overallcoverageprobability foreachshipw asdeterm inedby availableresources(survey
days),accountingforsom etim eexpectedtobeunavailableforsurveyingduetopoorw eather.S om eofthe
blocksw eresub-dividedtoim provesurvey designefficiency.Block2 w assub-dividedintofivesub-blocksto
m inim izetim ew astedoffeffortw hiletransitingaroundislandsininnerDanishw aters.Eachsub-blockw as
allocatedequalcoverageprobability sothey couldbecom binedforanalysis.T hetriangularN Ecornerofblock
8andS Ecornerofblock9 w eretreatedseparately forsurvey designpurposesbutw iththesam ecoverage
probability astherestoftheblocksothey couldbecom binedforanalysis.T heS W cornerofblock9,a
triangularareaoutsidethe200 nm lim itsofFranceandS pain,w asoriginally excludedfrom survey designbut
w asaddedinthefieldw iththesam ecoverageprobability astherestoftheblock.

Datacollection

Aerial survey

Eachofthesevenaircraftaccom m odatedthreescientificcrew m em bersinadditiontothepilot.O neaircraft

hadanadditionalthreescientificcrew w orkingasanindependentteam .T argetaltitudew as600 feet(183 m )

andtargetspeedw as90 knots(167km .h-1).T w oobserverssatatbubblew indow sontheleftandrightsidesof

theaircraft,andthethirdteam m em beractedasnavigatoranddatarecorderforenvironm entalandsightings

data,enteringdataintoalaptopcom puterrunningdedicateddatacollectionsoftw are.S ightingconditions

w ereclassifiedsubjectively as“ good” ,“ m oderate” or“ poor” basedprim arily onseaconditions,w aterturbidity

andglare.W hendetectedgroupscam eabeam ,dataw ererecordedontim e,declinationangletothedetected

anim alorgroup(from w hichperpendiculardistancew ascalculated),cue,presenceofcalves,behaviour,

speciescom positionandgroupsize.FurtherdetailsoffieldprotocolaregiveninGillesetal.(2009).

T ocollectdatafrom w hichcorrectioncouldbem adeforanim alsm issedonthetransectline,thecircle-backor
“ racetrack” m ethodofHiby (1999)w asused.Inthisapproach,ondetectingagroupofanim als,theaircraft
circlesbacktoresurvey adefinedsegm entoftransect.T hesam em ethodw asusedinS CAN S -II(Ham m ondet
al.2013)andanequivalentm ethoddevelopedfortandem aircraft(Hiby & L ovell1998)w asusedinS CAN S
(Ham m ondetal.2002).Furtherdetailsofthism ethodaregiveninS cheidatetal.(2008).

Inprevioussurveys,thecircle-backm ethodhasonly beenusedforharbourporpoise.InS CAN S -III,w ealso
im plem entedthism ethodform inkew haleandfordelphinids(bottlenose,com m on,striped,w hite-beaked,
w hite-sided,andR isso’sdolphin)w iththeaim ofcorrectingforanim alsm issedonthetransectlineforthese
species.
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Ship survey

T hem ethodusedonshipsw asadoubleplatform linetransectsurvey w ithtw oindependentteam sof

observersoneachshiptogeneratedatathatw ouldallow abundanceestim atestobecorrectedforanim als

m issedonthetransectlineandalsopotentially fortheeffectsofm ovem entofanim alsinresponsetotheship

(L aake& Borchers2004).T hissam eapproachw asalsousedinS CAN S ,S CAN S -IIandCO DA (Ham m ondetal.,

2002;CO DA 2009;Ham m ondetal.2013).

Eachsurvey shipaccom m odatedeightobserversw orkingintw oteam s.T argetsurvey speedw as10 knots

(18.5km .h-1)onallshipsbutw asslow erw hensurveyingagainstheavy sw ell.

T w oobserversononeplatform ,know nasP rim ary,searchedw ithnakedeyeasectorfrom 90°(abeam )

starboardto10°portor90°portto10°starboardoutto500 m distance.T w oobserversontheother,higher

platform ,know nasT racker,searchedfrom 500m tothehorizonw ithhigh-pow er(15x80)and7x50 binoculars.

T rackerobserverstrackeddetectedanim alsuntilthey hadpassedabeam ofthevessel.O bserversnot

searchingactedasduplicateidentifier,datarecorderorrested.T heduplicateidentifierassessedw hetheror

notgroupsofanim alsdetectedby T rackerw erere-sightedby P rim ary.Duplicatesw ereclassifiedasDefinite

(D:atleast90% likely),P robable(P :betw een50% and90% likely),orR em ote(R :lessthan50% likely).T hedata

recorderrecordedallsightings,effortandenvironm entaldataintoalaptopcom puterrunningtheL O GGER

softw are,m odifiedspecifically forS CAN S surveys(Gillespieetal.2010).Environm entaldataincludedsea

conditionsm easuredontheBeaufortscale,sw ellheightanddirection,glare,visibility andsightability,a

subjectivem easureofconditionsfordetectingsm allcetaceans.

Dataonsightingangleanddistanceforcalculationofperpendiculardistancew erecollectedautom atically,

w herepossible,asw ellasm anually (Gillespieetal.2010).S ightinganglesw erem easuredfrom anangleboard

andonT rackeralsousingasm allcam erapositionedontheundersideofthebinocularsthattooksnapshotsof

linesonthedeckparalleltothedirectionoftheship(L eaperandGordon2001).Distancetodetectedgroups

w asm easuredonP rim ary usingpurpose-designedandindividually calibratedm easuringsticksandonT racker

asabinocularreticulereadingandviaavideo-rangetechnique(Gordon2001).Anglesanddistancesw ere

calculatedfrom capturedvideofram esusingpurpose-w rittensoftw are.Additionaldatacollectedfrom each

detectedgroupofanim alsincluded:cue,speciescom position,groupsize,sw im m ingdirectionandbehaviour.

Datavalidationsoftw arew asusedtocheckalldataattheendofeachday,ifpossible.

Estim ationofabundance

Aerial survey

O nly survey effortcollectedunder“ good” and“ m oderate” conditionsw ereusedinanalysis.U singthem ethod

ofHiby andL ovell(1998),theeffectivestripw idth(ES W ),includingg(0),w asestim atedin“ good” and

“ m oderate” sightingconditions( ĝ and m̂ respectively).T hisanalysisisdescribedindetailinHiby & Gilles

(2016).

Foreachspecies,abundanceofanim alsinstratum v w asestim atedas:
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(Equation1)

w hereAv istheareaofthestratum ,Lv isthelengthoftransectlinecoveredon-effortingoodorm oderate

conditions,ngsv isthenum berofsightingsofgroupsthatoccurredingoodconditionsinthestratum ,nmsv isthe

num berofsightingsofgroupsthatoccurredinm oderateconditionsinthestratum and vs isthem ean

observedgroupsizeinthestratum .Exploratory plotsindicatednodependenceofgroupsizeonperpendicular

distance,norw asgroupsizefoundtobeasignificantexplanatory variablefordetectionprobability.
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Groupabundanceby stratum w asestim atedby vvgroupv sNN /ˆˆ
)(  .T otalanim alandgroupabundancesw ere

estim atedby 
v

vNN ˆˆ and 
v

groupvgroup NN )()(
ˆˆ , respectively.Densitiesw ereestim atedby dividingthe

abundanceestim atesby theareaoftheassociatedstratum .M eangroupsizeacrossstrataw asestim atedby

)(̂/̂][̂ groupNNsE  .

Coefficientsofvariation(CVs)and95% confidenceintervals(CIs)w ereestim atedby bootstrappingw ithin

blocks.A param etricbootstrapw asusedtogenerateestim atesofES W andthesew erecom binedw ith

encounterratesobtainedfrom anonparam etrictransect-basedbootstrapprocedure.T heparam etric

bootstrapprocedurew asbasedontheassum ptionthattheES W estim atesingoodandm oderateconditions

w erelognorm ally distributedrandom variables.T herefore,foreachbootstrappseudo-sam pleoftransectlines,

abivariatelognorm alrandom variablew asgeneratedfrom adistributionw ithm eanandvariance-covariance

m atrix equaltothoseestim atedduringthecircle-back(“ racetrack” )analysis(seeHiby & Gilles2016).95% CIs

w erecalculatedusingthepercentilem ethod.

Abundanceofspecies(orspeciesgroupings)forw hichthecircle-backprocedurew asnotperform edw as
estim atedusingconventionallinetransectm ethodsthatassum ecertaindetectiononthetransectline.
Estim atesforthesespeciesarethusunderestim atedtoanunknow ndegree.

Analysisw asconductedinR 3.2.2 x64 (R CoreT eam 2015)usingthepackage‘Distance‘ (M iller2015).

Ship survey

Analysisoftheshipboarddatafollow edthedouble-platform linetransectm ethodology usedintheS CAN S -II

survey (Borchersetal.,1998;L aake& Borchers2004;Ham m ondetal.,2002;Ham m ondetal.,2013)usingthe

m rdsanalysisengineinsoftw areDIS T AN CE(T hom asetal.,2010).T oestim atetheprobability ofdetectionon

thetransectlineg(0),sightingsm adefrom theT rackerplatform servedasasetofbinary trialsinw hichsuccess

correspondedtodetectionby observersontheP rim ary platform .T heprobability thatagroupofanim als,at

givenperpendiculardistancex andcovariatesz,w asdetectedfrom P rim ary isdenotedp1(x,z)andm odelledas

alogisticfunction(seeequation9 inBorchersetal.1998).

T hem ostrobustm rdsm odelforestim atingdetectionprobability from double-platform dataisthepartial(or

trackline)independencem odel,inw hichitisassum edthatT rackerandP rim ary detectionprobabilitiesneed

only beindependentonthetransectline(Borchersetal.2006;L aake& Borchers2004).T hism odelusesthe

P rim ary datatoestim atedetectionprobability assum ingg(0 )= 1,andalsotheT racker-P rim ary m ark-recapture

datatoestim atetheconditionaldetectionfunctiontocorrectdetectionprobability forg(0)< 1 (asdescribed

above).T hism odelw asusedasadefaultinanalysis.

How ever,ifthereisundetectedm ovem entinresponsetothesurvey vessel,itisnecessary toassum ethat

detectionprobabilitiesonT rackerandP rim ary areindependentatallperpendiculardistancesandtousethe

fullindependencem odel(Borchersetal.2006;L aake& Borchers2004).T hism odelonly usestheT racker-

P rim ary m ark-recapturedatatoestim atetheconditionaldetectionfunctionandislessrobustbecauseitis

sensitivetonon-independenceofdetectionprobabilitiesbetw eenT rackerandP rim ary atallperpendicular

distances(Borchersetal.2006). S uchnon-independencetypically resultsinapositivecorrelationindetection

probabilitiesandcausesanegativebiasinestim atesofabundance.N evertheless,thism odelshouldbeusedin

thepresenceofresponsivem ovem entpriortodetectionby P rim ary.

Attractionofcom m ondolphinstosurvey shipshaspreviously beenshow ntocausebiasifthefull

independencem odelisnotused(Cañadasetal.2009;Ham m ondetal.2013).T odeterm inew hetherthefull

independencem odelneededtobeusedforany species,theextentofany responsivem ovem entw asexplored

usingdataonsw im m ingdirectionatfirstsightingusingthem ethodofP alka& Ham m ond(2001)andby

com paringperpendiculardistancesrecordedby T rackerandP rim ary forduplicatesightings.
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Explanatory covariatestom odeldetectionprobability,inadditiontoperpendiculardistance,includedsea

conditionsasindicatedby Beaufort,glare,sw ell,asightability index,visibility,groupsizeandvessel.M odel

selectionw asbasedprim arily onAkaike’sInform ationCriterion(AIC)butby inspectionoftheQ Q plotandthe

Kolm ogorov-S m irnovandCram er-vonM isesgoodnessoffittests.

P erpendiculardistancedataform odellingdetectionprobability w ereby defaulttruncatedatthelargest

distancerecordedby observersonP rim ary but,foreachspecies,truncationatshorterdistancesw asexplored

toseeifthisim provedestim ationofdetectionprobability.T hechoiceoftruncationdistancew asdeterm ined

by exam ininggoodnessoffitstatistics(Kolm ogorov-S m irnoffandCram er-vonM isestests),w hilem inim ising

theam ountofdatalost.Forharbourporpoise,dataobtainedw hilesurveyinginseaconditionsofBeaufort2

orlessw ereused;forotherspeciesdatafrom seaconditionsofBeaufort4 orlessw ereused.Duplicates

classifiedasD andP w ereconsideredtobeduplicates;thoseclassifiedasR w erenot.

T heabundanceofgroupsw asestim atedusingaHorvitz-T hom pson-likeestim ator:







1

1

0

1

1

1n

j
W

j dx
W

)ˆ|z,x(p

N̂


(Equation2)

w heren1 isnum berofdetectionsm adefrom P rim ary,W isperpendiculartruncationdistanceand ̂ arethe

estim atedparam etersofthefitteddetectionfunction.

T heabundanceofindividualsw asestim atedby replacingthenum eratorintheequationforestim ating

abundanceofgroupsw iths1j,thegroupsizeofthejth grouprecordedfrom P rim ary.How ever,groupsizes

recordedonT rackeraretypically largerandlikely tobem oreaccuratethanthoserecordedonP rim ary

becausethey w ereobservedthroughbinocularsandtypically m ultipletim es.Consequently,estim atesofthe

abundanceofindividualsw erecorrectedby theratioofthesum ofT rackergroupsizestothesum ofP rim ary

groupsizescalculatedfrom duplicateobservationsforeachblockorcom binationofblocks,dependingon

sam plesize.Ifthegroupsizecorrectionw asestim atedas< 1,itw assetto1.

Estim atesofm eangroupsizew ereobtainedby dividingabundanceofindividualsby abundanceofgroups.

Variancesw ereestim atedem pirically;encounterratevariancew asestim atedusingthem ethodofInnesetal.

(2002).

W heretherew ereinsufficientduplicatesightingstosupportdouble-platform m ethods,conventionalline
transectm ethods(assum ingcertaindetectiononthetransectline)w ereusedtoobtainthedetectionfunction.

P resentationofabundanceestim ates

Estim atesofabundanceforeachspeciesarepresentedforeachsurvey blockandforthetotalsurvey area.In
addition,forharbourporpoise,estim atesarepresentedforICES Assessm entU nits(AU s)(ICES 2014),seeFig2,
andalsofortheN orw egiancoastalareanorthof62°N .

Fortheseestim ates,theS CAN S -IIIblocksw erem atchedasclosely aspossibletothedefinedAU s,asfollow s:

 KattegatandBeltS eas:shipblock2;

 N orthS ea:aerialblocksL -V,includingP 1,plusS VG,plustheeasternpartofblockC;

 W estS cotland:aerialblocksG-K;

 CelticandIrishS eas:aerialblocksB andD-Fplusthew esternhalfofC;

 IberianP eninsula:aerialblocksAA,AB andAC;

 N orw egiancoastnorthof62°N :aerialsurvey blocksW -Z andT R D.

Forthesecom binationsofaerialsurvey blocks,thesubsetsofthedataw erebootstrappedasdescribedabove
toobtainappropriateestim atesofvariance.
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Figure2.ICES Assessm entU nitsforharbourporpoise(ICES 2014).

Forthebottlenosedolphin,tenAU shavebeendefinedforresidentorsem i-residentcoastal/inshore
populations,andasingleoffshore“ oceanicarea” AU hasbeendefinedtocoverallw atersnotcoveredby the
coastal/inshoreAU s.Itisnotappropriate(norpossible)toseparateoutthecoastal/inshorepopulationsinthe
S CAN S -IIIsurveyssothetotalestim aterepresentstheseandthe“ oceanicarea” com bined.

Forthem inkew hale,w hite-beakeddolphinandcom m ondolphin,asingleAU coveringallEuropeanAtlantic
w atershasbeendefined.Forthese,andallotherspecies,thetotalabundanceestim atesrepresenttheAU .A
very sm allproportionofthetotalestim atesform inkew haleandw hite-beakeddolphinw ereinN orw egian
coastalw atersnorthof62°N (2.2% andlessthan1% ,respectively).

R ES U L T S

S earchingeffortandsightings

S evenaircraftsurveyedshelfw atersoftheEuropeanAtlantic,includingN orw egiancoastalw aters,betw een27
Juneand31 July 2016.T able1 show stheam ountofsearcheffortontransectineachofthesurvey blocks.

T hreeshipssurveyedw atersbeyondthecontinentalshelfandinnerDanishw aters.Blocks1 and2 w ere
surveyed5-24 July,block8w assurveyed29 June-14 July,block9 w assurveyed19 July -4 Augustandblocks
11-13 w eresurveyed4-28July.T able2 show stheam ountofsearcheffortontransectineachofthesurvey
blocks.Figure3 show sthesearchingeffortachievedunderallconditions.

T ables3 and4 show thetotalnum berofsightingsofgroupsofthem ostcom m only detectedspeciesonthe

aerialsurvey andshipsurvey,respectively. Figure4 show sthedistributionofsightingsofthem ostcom m only

detectedspecies.
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T able1.Areaandsearchingeffort(in“ m oderate” or“ good” conditions,usedinanalysis)foreachaerialsurvey

block.P rim ary searcheffortdataw ereusedinanalysistoestim ateencounterrateandgroupsize(see

equation1).T railingsearcheffortoccurredduringcircle-backproceduresandw asusedtoestim ateES W ,

includingg(0).BlockP 1 isthesam easshipblock1 (T able2).BlocksS VG andT R D coveredpartsofN orw egian

fjordsBognafjord(nearS tavanger)andT rondheim Fjord,respectively.BlockS VG isincludedintheICES N orth

S eaAssessm entU nit(T able32).

Block R egion S urfacearea(km 2)
P rim ary search

effort(km )
T railingsearch

effort(km )

AA Iberianpeninsula 12,015 588.9 5.4

AB Iberianpeninsula 26,668 1,210.1 23.4

AC Iberianpeninsula 35,180 1,393.1 13.0

B Celtic/IrishS eas 118,471 7,982.9 78.1

C Celtic/IrishS eas& N orthS ea 81,297 2,834.2 37.9

D Celtic/IrishS eas 48,590 1,707.5 16.8

E Celtic/IrishS eas 34,870 2,252.7 22.5

F Celtic/IrishS eas 12,322 619.8 4.1

G W estS cotland 15,122 958.0 12.9

H W estS cotland 18,634 812.9 17.0

I W estS cotland 13,979 636.5 16.3

J W estS cotland 35,099 704.4 6.4

K W estS cotland 32,505 2,146.7 17.3

L N orthS ea 31,404 1,949.3 20.0

M N orthS ea 56,469 1,749.9 57.3

N N orthS ea 69,386 2,264.9 56.8

O N orthS ea 60,198 3,242.8 62.7

P N orthS ea 63,655 2,034.1 33.5

P 1 N orthS ea 23,557 844.4 0.0

Q N orthS ea 49,746 1,856.5 75.0

R N orthS ea 64,464 2,178.7 40.5

S N orthS ea 40,383 1,370.9 15.1

T N orthS ea 65,417 2,259.1 24.0

U N orthS ea 60,046 1,741.8 15.3

V N orthS ea 38,306 1,129.8 11.7

W N orw ay 49,778 931.0 3.7

X N orw ay 19,496 1,039.4 22.7

Y N orw ay 18,779 713.3 7.0

Z N orw ay 11,228 1,764.4 29.2

S VG N orw ay (N orthS ea) 714 152.3 0.0

T R D N orw ay 966 179.7 2.5

T otal 1,208,744 51,568.3 748.0
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T able2.Areaandsearchingeffortforeachshipsurvey block.Forestim ationofharbourporpoiseabundance
(inblocks1 and2),searcheffortw aslim itedtoBeaufort0-2.Forestim ationofabundanceforallotherspecies
(inblocks8-13),searcheffortw aslim itedtoBeaufort0-4.Block1 isthesam easaerialblockP 1 (T able1).

Block R egion
S urface

area(km 2)
S earcheffort

Beaufort0-4 (km )
S earcheffort

Beaufort0-2 (km )

1 S kagerrak/Kattegat 23,451 215.7

2 Kattegat& innerDanishw aters 40,707 1,027.7

8 Atlantic-w estofS cotland 159,669 2,084.7

9 Bay ofBiscay 144,352 2,279.9

11 Atlantic-w estofS pain 68,759 981.0

12 Atlantic-w estofS pain/Bay ofBiscay 111,115 1,629.7

13 Bay ofBiscay 59,340 1,605.5

Figure3.T otalsearcheffortachievedunderallconditionsinaerial(pink)andship(blue)survey blocks.
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T able3.T otalnum berofsightingsofthem ostcom m only detectedspecies(orspeciesgroupings)from the

aerialsurvey recordedin“ good” and“ m oderate” sightingconditions.S ightingsontrailingsearcheffortw ere

recordedoncircle-backproceduresandw ereusedonly toestim ateES W ,includingg(0).

S pecies
S ightingsonprim ary

searcheffort
S ightingsontrailing

searcheffort

Harbourporpoise 1,602 67

Bottlenosedolphin 59 11

R isso’sdolphin 16 1

W hite-beakeddolphin 108 10

W hite-sideddolphin 7 1

U nidw hite-beakedorw hite-sideddolphin 11 0

Com m ondolphin 502 17

S tripeddolphin 20 0

U nidcom m onorstripeddolphin 248 9

U nidentifieddolphin 196 7

P ilotw hale 79 0

Beakedw hales(allspecies) 27 0

M inkew hale 73 8

T able4.N um berofsightingsofthem ostcom m only detectedspeciesfrom theshipsurvey (harbourporpoise

Beaufort0-2;allotherspeciesBeaufort0-4).T rackersightingsandduplicatesw ereusedinm ark-recapture

distancesam plinganalysisonly toestim atedetectionprobability andtocorrectestim atesofm eangroupsize.

Duplicatesshow nareDefiniteandP robableduplicates,asusedinanalysis.

S pecies
T otal

sightings
P rim ary
sightings

T racker
sightings

Duplicates

Harbourporpoise 343 167 217 41

Bottlenosedolphin 27 15 18 6

R isso’sdolphin 5 4 3 2

W hite-sideddolphin 16 10 11 5

U nidw hite-beakedorw hite-sideddolphin 4 2 2 0

Com m ondolphin 106 82 52 28

S tripeddolphin 104 56 69 21

U nidentifiedcom m onorstripeddolphin 126 44 96 14

U nidentifieddolphin 53 17 37 1

P ilotw hale 58 37 41 20

Beakedw hales(allspecies) 65 35 38 8

S perm w hale 40 16 25 1

M inkew hale 9 7 3 1

Finw hale(blocks8& 9) 276 205 133 62

Finw hale(blocks11,12 & 13) 708 368 486 146



12

Figure4.Distributionofsightingsusedinanalysisofthem ostcom m only detectedspecies.U nderlyingeffortis

alsothatusedinanalysis:aerialsurvey -goodandm oderateconditions;shipsurvey -Beaufort0-2 forharbour

porpoise,Beaufort0-4 forallotherspecies.(a)harbourporpoise;(b)bottlenosedolphin;(c)R isso’sdolphin;

(d)w hite-beaked(bluedot)andw hite-sided(reddot)dolphins.Continuedonfollow ingpages.

(a)Harbourporpoise

(c)R isso’sdolphin (d)W hite-beakedand

w hite-sideddolphins

(b)Bottlenosedolphin



13

Figure4 (continued).Distributionofsightingsusedinanalysisofthem ostcom m only detectedspecies.

U nderlyingeffortisalsothatusedinanalysis:aerialsurvey -goodandm oderateconditions;shipsurvey -

Beaufort0-4.(e)com m ondolphin;(f)stripeddolphin;(g)unidentifiedcom m onorstripeddolphin;(h)pilot

w hale.

(e)Com m ondolphin (f)S tripeddolphin

(g)U nidcom m onorstripeddolphin (h)P ilotw hale
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Figure4 (continued).Distributionofsightingsusedinanalysisofthem ostcom m only detectedspecies.

U nderlyingeffortisalsothatusedinanalysis:aerialsurvey -goodandm oderateconditions;shipsurvey -

Beaufort0-4. (i)beakedw hales(Cuvier’sbeakedw hale-reddot;Gervaisbeakedw hale-bluedot;

U nidentifiedbeakedw hale-pinksquare;U nidentifiedM esoplodon-blacktriangle;S ow erby’sbeakedw hale-

greendot;Bottlenosew hale-turquoisedot);(j)sperm w hale;(k)m inkew hale;(l)finw hale.

(i)Beakedw hales (j)S perm w hale

(k)M inkew hale (l)Finw hale
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Estim atesofabundance

Aerial survey

A totalof290 circle-back(“ racetrack” )proceduresw ereachieved.Estim atesofES W ,includingg(0),w erem ade
usingthecom bineddatafrom allsevenaircraftforharbourporpoise,alldolphinspeciescom bined(excluding
pilotw haleandkillerw hale)andm inkew hale.Estim atesforharbourporpoisestratifiedby aircraftw erealso
investigated.How ever,thenum bersofpotentialre-sightingsby individualaircraftw ereinm ostcasestoo
sm alltoestim aterobustaircraft-basedES W s;therefore,thepooledES W basedonallsevenaircraft,stratified
by goodandm oderateconditions,w aspreferred(seeHiby & Gilles2016 fordetails).Forthem inkew hale,
therew ereonly eightpotentialre-sightingsontrailingeffort,w hichprecludedrobustestim ationofES W for
goodandm oderateconditionsseparately;therefore,ES W w asestim atedpooledacrossallconditions(see
Hiby & Gilles2016fordetails).

T able5show stheestim atesofES W ,includingg(0),forharbourporpoise,alldolphinspeciescom bined
(excludingpilotw haleandkillerw hale)andm inkew hale.

T ables6-16show estim atesofabundanceforeachblockforharbourporpoise,m inkew hale,com m ondolphin,
stripeddolphin,unidentifiedcom m onorstripeddolphin,bottlenosedolphin,w hite-beakeddolphin,w hite-
sideddolphin,R isso’sdolphin,pilotw haleandbeakedw hales(allspeciescom bined).

T able5.Estim atesofES W (CV inparentheses)andg(0)forharbourporpoise,alldolphinspeciescom bined

(excludingpilotw haleandkillerw hale)andm inkew hale,forgoodandm oderatesightingconditionsduring

theaerialsurvey.N otethatES W isthetotaleffectivestripw idthonbothsidesoftheaircraft.

ES W (inm eters),includingg(0) g(0)

Conditions good moderate good moderate

Harbourporpoise 138(0.16) 109 (0.17) 0.364 0.279

Dolphins(allspecies) 390 (0.13) 213 (0.14) 0.805 0.414

M inkew hale 154 (0.42) 0.302
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T able6.Harbourporpoiseabundanceanddensity (anim als/km 2)estim atesfrom theaerialsurvey.CV isthe
coefficientofvariationofabundanceanddensity.CL low andCL higharetheestim atedlow erandupper95%
confidencelim itsofabundance.BlockP 1 w asalsocoveredby shipblock1 (seeT able20).

Block A bundance Density M eangroupsize CV CL low CL high

AA 0 0 0 0.00 0 0

AB 2,715 0.102 1.21 0.31 1,350 4,737

AC 183 0.005 1.00 1.02 0 669

B 3,374 0.028 2.23 0.59 102 8,078

C 17,323 0.213 1.76 0.30 8,853 29,970

D 5,734 0.118 1.35 0.49 1,697 12,452

E 8,320 0.239 1.31 0.28 4,643 14,354

F 1,056 0.086 1.00 0.38 342 2,010

G 5,087 0.336 1.52 0.43 1,701 10,386

H 1,682 0.090 2.00 0.74 0 5,154

I 5,556 0.397 1.15 0.35 2,403 9,961

J 2,045 0.058 1.25 0.72 0 5,313

K 9,999 0.308 1.44 0.27 5,643 16,306

L 19,064 0.607 1.28 0.38 6,933 35,703

M 15,655 0.277 1.23 0.34 6,295 28,589

N 58,066 0.837 1.28 0.26 32,372 91,372

O 53,485 0.888 1.31 0.21 37,413 81,695

P 52,406 0.823 1.36 0.31 27,247 94,570

P 1 25,367 1.077 1.39 0.30 10,114 41,642

Q 16,569 0.333 1.31 0.35 6,919 31,247

R 38,646 0.599 1.38 0.29 20,584 66,524

S 6,147 0.152 1.35 0.28 3,401 10,065

T 26,309 0.402 1.33 0.29 14,219 45,280

U 19,269 0.321 1.31 0.30 10,794 34,922

V 5,240 0.137 1.24 0.37 2,165 9,714

W 8,978 0.180 1.47 0.57 1,427 21,507

X 6,713 0.344 1.50 0.31 3,496 11,767

Y 4,006 0.213 1.24 0.40 1,603 8,209

Z 4,556 0.406 1.51 0.27 2,686 7,631

S VG 423 0.593 1.71 0.39 157 834

T R D 273 0.282 1.75 0.48 59 583

T otal 424,245 0.351 1.35 0.17 313,151 596,827
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T able7.Bottlenosedolphinabundanceanddensity (anim als/km 2)estim atesfrom theaerialsurvey.CV isthe
coefficientofvariationofabundanceanddensity.CL low andCL higharetheestim atedlow erandupper95%
confidencelim itsofabundance.Blocksw ithnobottlenosedolphinsightingsareexcluded.

Block A bundance Density M eangroupsize CV CL low CL high

AB 735 0.028 3.25 0.70 0 1,932

AC 4,210 0.120 4.82 0.48 997 8,529

B 6,926 0.058 7.05 0.38 2,713 13,389

D 2,938 0.060 2.60 0.45 914 5,867

E 288 0.008 1.50 0.57 0 664

G 1,824 0.121 9.67 0.68 0 4,474

H 59 0.003 1.00 1.01 0 214

P 147 0.002 1.00 0.99 0 488

R 1,924 0.030 5.25 0.86 0 5,048

S 151 0.004 2.00 1.01 0 527

T otal 19,201 0.016 4.53 0.24 11,404 29,670

T able8.R isso’sdolphinabundanceanddensity (anim als/km 2)estim atesfrom theaerialsurvey.CV isthe
coefficientofvariationofabundanceanddensity.CL low andCL higharetheestim atedlow erandupper95%
confidencelim itsofabundance.Blocksw ithnoR isso’sdolphinsightingsareexcluded.

Block A bundance Density M eangroupsize CV CL low CL high

AA 575 0.047 6.00 1.03 0 1,902

AB 640 0.024 2.00 0.62 0 1,556

AC 237 0.007 2.00 1.03 0 835

B 799 0.007 10.50 0.98 0 2,770

E 1,090 0.031 7.50 0.69 0 2,843

H 538 0.029 5.00 0.95 0 1,798

J 6,750 0.192 11.33 0.80 0 19,557

K 440 0.014 4.00 0.76 0 1,222

T otal 11,069 0.009 7.06 0.51 2,794 24,412
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T able9.W hite-beakeddolphinabundanceanddensity (anim als/km 2)estim atesfrom theaerialsurvey.CV is
thecoefficientofvariationofabundanceanddensity.CL low andCL higharetheestim atedlow erandupper
95% confidencelim itsofabundance.Blocksw ithnow hite-beakeddolphinsightingsareexcluded.

Block A bundance Density M eangroupsize CV CL low CL high

H 5,881 0.316 5.18 0.63 389 14,304

J 1,871 0.053 4.00 0.91 0 5,856

K 7,055 0.217 4.70 0.53 1,799 16,040

O 143 0.002 3.00 0.97 0 490

P 1,938 0.030 2.50 0.38 539 3,524

P 1 72 0.003 1.00 0.88 0 196

R 15,694 0.243 3.70 0.48 3,022 33,340

S 868 0.021 3.00 0.69 0 2,258

T 2,417 0.037 3.43 0.46 593 5,091

V 261 0.007 3.00 0.98 0 933

X 88 0.005 1.00 0.92 0 275

T otal 36,287 0.030 3.86 0.29 18,694 61,869

T able10.W hite-sideddolphinabundanceanddensity (anim als/km 2)estim atesfrom theaerialsurvey.CV is
thecoefficientofvariationofabundanceanddensity.CL low andCL higharetheestim atedlow erandupper
95% confidencelim itsofabundance.Blocksw ithnow hite-sideddolphinsightingsareexcluded.Density of
0.00 m eansthatdensity w aslessthan0.005anim als/km 2.

Block A bundance Density M eangroupsize CV CL low CL high

R 644 0.010 3.00 0.99 0 2,069

T 1,366 0.021 3.25 0.98 0 5,031

U 177 0.003 2.00 0.99 0 559

T otal 2,187 0.002 3.02 0.70 0 6,071

T able11.Com m ondolphinabundanceanddensity (anim als/km 2)estim atesfrom theaerialsurvey.CV isthe
coefficientofvariationofabundanceanddensity.CL low andCL higharetheestim atedlow erandupper95%
confidencelim itsofabundance.Blocksw ithnocom m ondolphinsightingsareexcluded.

Block A bundance Density M eangroupsize CV CL low CL high

AA 18,458 1.536 17.94 0.64 3,297 51,064

AB 63,243 2.371 8.67 0.27 34,978 103,337

AC 71,082 2.020 12.00 0.31 36,898 124,302

B 92,893 0.784 7.49 0.27 52,766 149,494

D 18,187 0.374 10.06 0.41 4,394 33,077

J 4,679 0.133 20.00 0.95 0 16,108

T otal 268,540 0.222 9.36 0.19 186,851 390,528
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T able12.S tripeddolphinabundanceanddensity (anim als/km 2)estim atesfrom theaerialsurvey.CV isthe
coefficientofvariationofabundanceanddensity.CL low andCL higharetheestim atedlow erandupper95%
confidencelim itsofabundance.Blocksw ithnostripeddolphinsightingsareexcluded.

Block A bundance Density M eangroupsize CV CL low CL high

AB 3,039 0.114 19.00 0.90 0 10,486

AC 15,581 0.443 15.20 0.46 3,302 31,195

B 228 0.002 6.00 0.98 0 748

D 262 0.005 2.00 0.92 0 883

K 142 0.004 2.00 0.91 0 444

T otal 19,253 0.016 13.51 0.40 6,774 36,849

T able13.U nidentifiedcom m onorstripeddolphinabundanceanddensity (anim als/km 2)estim atesfrom the

aerialsurvey.CV isthecoefficientofvariationofabundanceanddensity.CL low andCL higharetheestim ated

low erandupper95% confidencelim itsofabundance.Blocksw ithnounidentifiedcom m onorstripeddolphin

sightingsareexcluded.

Block A bundance Density M eangroupsize CV CL low CL high

AB 6,239 0.234 19.5 0.76 0 17,771

AC 5,504 0.156 9.4 0.84 0 16,252

B 61,741 0.521 6.2 0.21 38,143 90,843

C 1,765 0.022 12.0 0.85 0 5,494

D 31,800 0.654 7.0 0.34 14,703 55,014

I 206 0.015 2.0 0.92 0 713

T otal 107,255 0.089 6.8 0.20 69,880 155,460

T able14.P ilotw haleabundanceanddensity (anim als/km 2)estim atesfrom theaerialsurvey using
conventionaldistancesam plingm ethods.CV isthecoefficientofvariationofabundanceanddensity.CL low
andCL higharetheestim atedlow erandupper95% confidencelim itsofabundance.Blocksw ithnoP ilotw hale
sightingsareexcluded.

Block A bundance Density M eangroupsize CV CL low CL high

AA 76 0.006 1.00 1.09 11 517

AC 1,917 0.054 3.80 1.24 273 13,442

B 1,317 0.011 4.43 0.58 448 3,867

J 79 0.002 1.00 1.16 10 641

K 1,733 0.053 4.50 1.06 271 11,084

T otal 5,121 0.004 3.95 0.61 1,654 15,855
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T able15.Beakedw hale(allspecies)abundanceanddensity (anim als/km 2)estim atesfrom theaerialsurvey
usingconventionaldistancesam plingm ethods.CV isthecoefficientofvariationofabundanceanddensity.CL
low andCL higharetheestim atedlow erandupper95% confidencelim itsofabundance.Blocksw ithno
beakedw halesightingsareexcluded.

Block A bundance Density M eangroupsize CV CL low CL high

AC 581 0.017 1.83 0.530 212 1,593

B 101 0.001 1.50 0.774 26 400

H 100 0.005 2.00 1.106 14 733

J 325 0.009 1.50 0.621 91 1,163

K 211 0.006 2.00 0.904 41 1,091

U 75 0.001 1.00 1.040 12 457

V 97 0.003 1.00 1.020 16 607

T otal 1,489 0.001 1.69 0.376 719 3,085

T able16.M inkew haleabundanceanddensity (anim als/km 2)estim atesfrom theaerialsurvey.CV isthe
coefficientofvariationofabundanceanddensity.CL low andCL higharetheestim atedlow erandupper95%
confidencelim itsofabundance.Blocksw ithnom inkew halesightingsareexcluded.

Block A bundance Density M eangroupsize CV CL low CL high

AC 164 0.005 1.00 1.14 0 792

B 289 0.002 1.00 0.84 0 962

C 186 0.002 1.00 1.12 0 819

D 543 0.011 1.00 0.75 0 1,559

E 603 0.017 1.00 0.62 134 1,753

G 410 0.027 1.33 0.70 0 1,259

H 149 0.008 1.00 1.07 0 638

I 285 0.020 1.00 0.79 0 1,004

J 647 0.018 1.00 1.04 0 2,994

K 295 0.009 1.00 0.81 0 994

N 1,392 0.020 1.00 0.50 450 3,459

O 603 0.010 1.00 0.62 109 1,670

P 610 0.001 1.00 0.66 0 1,849

Q 348 0.007 1.00 0.76 0 1,121

R 2,498 0.039 1.18 0.61 604 6,791

S 383 0.010 1.00 0.75 0 1,364

T 2,068 0.032 1.10 0.81 290 6,960

U 895 0.015 1.00 0.85 0 3,139

V 440 0.011 1.00 1.14 0 1,979

X 122 0.006 1.00 1.09 0 496

Y 171 0.009 1.00 1.10 0 756

T otal 13,101 0.011 1.05 0.35 7,050 26,721
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Ship survey

Forspeciesw ithsufficientduplicatesightings,m ark-recapturedistancesam plingm ethodsw ereusedto
estim atedetectionprobability andconsequently abundance.T herew asnocom pellingevidenceofm ovem ent
inresponsetotheshipinany species,sothepartialindependencem odelofdetectionprobability w asusedin
allcases.Forsperm w haleandm inkew hale,therew ereinsufficientduplicatesightingstousem ark-recapture
distancesam plingm ethodstoestim atedetectionprobability soconventional“ singleobserver” distance
sam plingm ethods,inw hichT rackerandP rim ary sightingsarecom binedintoasingledataset,w ereused.Data
from bothshipsw ereanalysedtogethertoobtaincom m onestim atesofdetectionprobability.

Anexceptiontotheabovew asforlargebaleenw hales(includingm ostly finw hales),forw hichthe
perpendiculardistancedataw eredistributedvery differently inblocks8and9 (survey by M /V S koven)
com paredtoblocks11,12 and13 (surveyedby B/O AngelesAlvariño).Consequently,thelargebaleenw hale
dataw ereanalysedseparately forblocks8and9,andforblocks11,12 and13.

Forblocks11,12 and13,thepartialindependencem rdsm odelofdetectionprobability w asusedasdescribed
above.Forblocks8and9,how ever,theconditionalprobability ofdetection(P rim ary detectionofsightings
firstm adeby T racker)increasedw ithincreasingperpendiculardistance,m akingtheapplicationofm rds
m odelsofdetectionprobability inappropriate.Forblocks8and9,therefore,theT rackerdataw ere
disregardedandaconventionalanalysisofP rim ary dataonly w asconducted,assum ingg(0)= 1.Estim atesfor
finw halesforblocks8and9 arethusexpectedtobenegatively biased.

T able17gives,foreachspeciesorspeciesgrouping,theperpendiculardistancetruncationselected,the
m ethodusedtoestim atedetectionprobability,anddetailsofthebestfittingdetectionprobability m odels.

T able18givesthedetectionprobabilitiesestim atedusingthem odelsdescribedinT able17.

T able19 givesthegroupsizecorrectionfactorsforeachspeciesorspeciesgrouping.

T able17.S um m ary ofdataandm odelsusedtoestim atedetectionprobability foreachspeciesorspecies
groupingintheshipsurvey.M ethod:pi= m ark-recapturedistancesam plingpoint(trackline)independence
m odel;ds= conventionaldistancesam plingm odelusingP rim ary dataonly;so= “ singleobserver”
conventionaldistancesam plingm odelusingP rim ary andT rackerdatacom bined.Detectionfunctionm odel:
HR = hazardrate.

S pecies/ speciesgrouping
T runcation

distance(m )
M ethod

P rim ary detection
functionm odel

(ds)& covariates

Conditionaldetection
function(m r)

covariates

Harbourporpoise 600 pi HR :S w ell Beaufort

Bottlenose+ R isso’sdolphin 885 (m ax) pi HR :null P erpendiculardistance

W hite-sideddolphin 343 (m ax) pi HR :null null

Com m on+ stripeddolphin 2,000 pi HR :Beaufort P erpendiculardistance

P ilotw hale 1,500 pi HR :null P erpendiculardistance

Beakedw hales(allspecies) 2,000 pi HR :S ightability P erpendiculardistance

S perm w hale 9,197(m ax) so HR :Beaufort -

L argebaleenw hales(blocks8
& 9)

2,302 (m ax) ds HR :S w ell -

L argebaleenw hales(blocks
11,12 & 13)

3,000 pi HR :S w ell
P erpendiculardistance,

Beaufort,S w ell

M inkew hale 208(m ax) so U niform :null -
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T able18.Estim ateddetectionprobabilitiesw ithinthetruncationdistance(seeT able17)foreachspeciesor
speciesgroupingintheshipsurvey.ES W istheestim atedeffectivestriphalf-w idth.Figuresinparenthesesare
coefficientsofvariation(CV).T heCV ofES W isthesam easforoverallprobability ofdetection.

S pecies/ speciesgrouping
A verageprobability

ofdetection
assum ingg(0)=1

P robability of
detectiononthe
transectline,g(0)

O verallaverage
probability of

detection
ES W (m )

Harbourporpoise 0.709 (0.051) 0.221 (0.177) 0.156 (0.186) 93.6

Bottlenose+ R isso’sdolphin 0.427(0.146) 0.400 (0.348) 0.171 (0.377) 151

W hite-sideddolphin 0.829 (0.614) 0.455 (0.330) 0.377(0.697) 129

Com m on+ stripeddolphin 0.131 (0.117) 0.421 (0.115) 0.055 (0.164) 110

P ilotw hale 0.318(0.173) 0.491 (0.217) 0.156 (0.277) 234

Beakedw hales(allspecies) 0.217(0.386) 0.263 (0.375) 0.057(0.541) 114

S perm w hale 0.0095 (0.296) - 0.0095 (0.296) 87

L argebaleenw hales(blocks8
& 9)

0.343 (0.061) - 0.343 (0.061) 789

L argebaleenw hales(blocks
11,12 & 13)

0.505 (0.047) 0.614 (0.073) 0.310 (0.088) 933

M inkew hale 1.0 - 1.0 208

T able19.Groupsizecorrectionfactors(CV inparentheses)foreachspeciesorspeciesgroupingusedto
correctP rim ary groupsizesinanalysis.

S pecies Blocks Groupsizecorrection S am plesize

Harbourporpoise 1-2 1.204 (0.150) 42

Bottlenosedolphin 8,9,12,13 1.571 (0.265) 7

R isso’sdolphin 9 1 2

W hite-sideddolphin 8 0.826 (0.409)= 1 5

Com m ondolphin 8-13 0.956 (0.241)= 1 29

S tripeddolphin 8,9,12,13 1.993 (0.197) 20

U nidcom m onorstriped 8,9,12,13 1.362 (0.205) 16

P ilotw hale 8-13 1.156 (0.261) 20

Beakedw hales(allspecies) 8-13 1.000 (0.427) 11

S perm w hale 8-13 1 1

Finw hale 8-9 1.057(0.130) 62

Finw hale 11-13 1.059 (0.084) 171

M inkew hale 8 1 9

T ables20-31 show estim atesofabundanceforeachshipblockforharbourporpoise,bottlenosedolphin,
R isso’sdolphin,w hite-sideddolphin,com m ondolphin,stripeddolphin,unidentifiedcom m onorstriped
dolphin,pilotw hale,beakedw hales,sperm w hale,m inkew haleandfinw hale.N otethatinT able20 a
shipboardestim ateisgivenforblock1 butthecoveragew aspoorandunevensotheestim atesubsequently
usedinT ables32 and33 forthisblockisthatfrom theaerialsurvey (blockP 1 inT able6).
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T able20.Estim atesofdensity (anim als/km 2)andabundanceforharbourporpoisefrom theshipsurvey.CL low
andCL higharetheestim atedlow erandupper95% confidencelim its.

Block
Density
(groups) CV

Group
size CV

Density
(anim als) CV A bundance CL low CL high

1 0.854 0.354 1.56 0.137 1.33 0.472 31,249 6,111 159,786

2 0.686 0.292 1.52 0.036 1.04 0.304 42,324 23,368 76,658

T otal 0.748 0.252 1.53 0.063 1.15 0.285 73,573 39,383 137,443

T able21.Estim atesofdensity (anim als/km 2)andabundanceforbottlenosedolphinfrom theshipsurvey.CL
low andCL higharetheestim atedlow erandupper95% confidencelim its.

Block
Density
(groups) CV

Group
size CV

Density
(anim als) CV A bundance CL low CL high

8 0.0048 0.634 1.57 0.265 0.007 0.634 1,195 363 3,933

9 0.0087 0.557 4.71 0.404 0.041 0.633 5,928 1,818 19,334

12 0.0081 0.632 6.68 0.267 0.054 0.685 603 161 2,265

13 0.0041 1.056 3.14 0.265 0.013 1.056 769 122 4,840

T otal 0.0053 0.478 3.61 0.291 0.019 0.532 8,496 3,089 23,369

T able22.Estim atesofdensity (anim als/km 2)andabundanceforR isso’sdolphinfrom theshipsurvey.CL low
andCL higharetheestim atedlow erandupper95% confidencelim its.

Block
Density
(groups) CV

Group
size CV

Density
(anim als) CV A bundance CL low CL high

9 0.0058 0.720 3.00 0.629 0.017 0.818 2,515 579 10,927

T otal 0.0058 0.720 3.00 0.629 0.017 0.818 2,515 579 10,927

T able23.Estim atesofdensity (anim als/km 2)andabundanceforw hite-sideddolphinfrom theshipsurvey.CL
low andCL higharetheestim atedlow erandupper95% confidencelim its.

Block
Density
(groups) CV

Group
size CV

Density
(anim als) CV A bundance CL low CL high

8 0.0148 0.826 5.63 0.248 0.083 0.826 13,322 2,797 63,448

T otal 0.0148 0.826 5.63 0.248 0.083 0.826 13,322 2,797 63,448

T able24.Estim atesofdensity (anim als/km 2)andabundanceforcom m ondolphinfrom theshipsurvey.CL low
andCL higharetheestim atedlow erandupper95% confidencelim its.

Block
Density
(groups) CV

Group
size CV

Density
(anim als) CV A bundance CL low CL high

8 0.005 0.787 13.86 0.280 0.07 0.940 10,601 1,958 57,405

9 0.152 0.594 6.84 0.202 1.04 0.718 150,208 39,190 575,716

11 0.062 0.701 8.09 0.160 0.50 0.633 34,570 8,154 146,570

12 0.012 0.559 5.03 0.532 0.06 0.543 643 206 2,007

13 0.009 0.695 5.99 0.393 0.05 0.653 3,110 861 11,236

T otal 0.062 0.493 7.21 0.147 0.45 0.564 199,133 67,320 589,041
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T able25.Estim atesofdensity (anim als/km 2)andabundanceforstripeddolphinfrom theshipsurvey.CL low
andCL higharetheestim atedlow erandupper95% confidencelim its.

Block
Density
(groups) CV

Group
size CV

Density
(anim als) CV A bundance CL low CL high

9 0.051 0.461 22.45 0.337 1.14 0.593 164,023 52,376 513,662

11 0.056 0.380 33.21 0.122 1.87 0.408 128,559 50,882 324,818

12 0.027 0.406 25.34 0.309 0.69 0.588 7,682 2,245 26,288

13 0.022 0.404 39.63 0.299 0.89 0.565 52,823 17,094 163,228

T otal 0.029 0.313 27.56 0.175 0.80 0.346 353,087 178,935 696,736

T able26.Estim atesofdensity (anim als/km 2)andabundanceforunidentifiedcom m onorstripeddolphinfrom
theshipsurvey.CL low andCL higharetheestim atedlow erandupper95% confidencelim its.

Block
Density
(groups) CV

Group
size CV

Density
(anim als) CV A bundance CL low CL high

9 0.006 0.605 3.91 0.367 0.02 0.665 3,377 956 11,932

11 0.059 0.460 7.71 0.439 0.46 0.619 31,298 7,609 128,737

12 0.009 0.666 28.43 0.133 0.25 0.758 2,822 613 12,986

13 0.027 0.421 8.30 0.160 0.23 0.403 13,414 5,948 30,255

T otal 0.015 0.327 7.67 0.279 0.11 0.414 50,912 20,312 127,613

T able27.Estim atesofdensity (anim als/km 2)andabundanceforpilotw halefrom theshipsurvey.CL low and
CL higharetheestim atedlow erandupper95% confidencelim its.

Block
Density
(groups) CV

Group
size CV

Density
(anim als) CV A bundance CL low CL high

8 0.0133 0.439 5.96 0.240 0.079 0.484 12,662 4,963 32,302

9 0.0075 0.654 2.89 0.189 0.022 0.770 3,125 763 12,801

11 0.0022 1.111 1.16 0.000 0.003 1.111 173 19 1,599

12 0.0066 0.528 4.39 0.439 0.029 0.718 320 77 1,322

13 0.0133 0.559 5.55 0.137 0.074 0.638 4,377 1,283 14,938

T otal 0.0095 0.373 4.90 0.164 0.047 0.403 20,656 9,501 44,908

T able28.Estim atesofdensity (anim als/km 2)andabundanceforbeakedw hales(allspeciescom bined)from
theshipsurvey.CL low andCL higharetheestim atedlow erandupper95% confidencelim its.

Block
Density
(groups) CV

Group
size CV

Density
(anim als) CV A bundance CL low CL high

8 0.0161 0.747 1.37 0.220 0.022 0.698 3,505 983 12,499

9 0.0085 1.005 1.16 0.171 0.010 0.927 1,416 289 6,928

11 0.0070 0.825 1.00 0.000 0.007 0.825 484 108 2,171

12 0.0193 0.671 1.19 0.097 0.023 0.633 255 78 834

13 0.0442 0.629 1.62 0.161 0.072 0.632 4,244 1,317 13,683

T otal 0.0160 0.603 1.39 0.126 0.022 0.576 9,905 3,364 29,162
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T able29.Estim atesofdensity (anim als/km 2)andabundanceforsperm w halefrom theshipsurvey.CL low and
CL higharetheestim atedlow erandupper95% confidencelim its.

Block
Density
(groups) CV

Group
size CV

Density
(anim als) CV A bundance CL low CL high

8 0.0601 0.471 1.00 0.000 0.060 1.083 9,599 3,866 23,835

9 0.0099 0.546 1.00 0.000 0.010 0.546 1,427 505 4,035

11 0.0056 1.083 2.00 0.000 0.011 1.083 777 88 6,819

12 0.0226 0.735 1.66 0.017 0.038 0.740 417 99 1,761

13 0.0171 0.557 1.28 0.179 0.022 0.640 1,298 382 4,406

T otal 0.0286 0.411 1.07 0.040 0.030 0.405 13,518 6,181 29,563

T able30.Estim atesofdensity (anim als/km 2)andabundanceform inkew halefrom theshipsurvey.CL low and
CL higharetheestim atedlow erandupper95% confidencelim its.

Block
Density
(groups) CV

Group
size CV

Density
(anim als) CV A bundance CL low CL high

8 0.0104 0.549 1.00 - 0.010 0.826 1,657 555 4,949

T otal 0.0104 0.549 1.00 - 0.010 0.826 1,657 555 4,949

T able31.Estim atesofdensity (anim als/km 2)andabundanceforfinw halefrom theshipsurvey.CL low andCL
higharetheestim atedlow erandupper95% confidencelim its.

Block
Density
(groups) CV

Group
size CV

Density
(anim als) CV A bundance CL low CL high

8 0.0040 0.474 1.30 0.135 0.005 0.493 820 308 2,188

9 0.0531 0.288 1.38 0.036 0.073 0.290 10,600 5,861 19,171

11 0.0247 0.201 1.21 0.041 0.030 0.220 2,052 1,254 3,358

12 0.0692 0.195 1.33 0.065 0.092 0.212 1,025 648 1,620

13 0.0383 0.183 1.60 0.060 0.061 0.205 3,645 2,374 5,594

T otal 0.0294 0.313 1.40 0.058 0.041 0.322 18,142 9,796 33,599

T able32 givesthetotalestim atesofabundanceforallthem ainspeciesoverthew holesurvey area.
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T able32.Estim atesoftotalabundanceanddensity (anim als/km 2)inthew holesurvey areaforallspecies.

S pecies A bundance Density CV CL low CL high

Harbourporpoise 466,569 0.381 0.154 345,306 630,417

Bottlenosedolphin 27,697 0.015 0.233 17,662 43,432

R isso’sdolphin 13,584 0.008 0.441 5,943 31,047

W hite-beakeddolphin 36,287 0.020 0.290 18,694 61,869

W hite-sideddolphin 15,510 0.009 0.717 4,389 54,807

Com m ondolphin 467,673 0.261 0.264 281,129 777,998

S tripeddolphin 372,340 0.208 0.329 198,583 698,134

U nidcom m onorstriped 158,167 0.088 0.188 109,689 228,069

P ilotw hale 25,777 0.014 0.345 13,350 49,772

Beakedw hales(allspecies) 11,394 0.006 0.503 4,494 28,888

S perm w hale 13,518 0.008 0.405 6,181 29,563

M inkew hale 14,759 0.008 0.327 7,908 27,544

Finw hale 18,142 0.010 0.322 9,796 33,599

ICES Assessment Units

Estim atesofharbourporpoiseabundanceforeachICES Assessm entU nit(AU )aregiveninT able33.Forthe
KattegatandBeltS eas,shipblock2 isapproxim ately equivalenttotheAU butincludessom ew aterstothe
southandexcludessom ew aterstothenorth.FortheN orthS ea,thecom binedareaoftheaerialsurvey blocks
usedisvery sim ilar(w ithinafew percent)totheareaoftheAU .

FortheW estS cotlandAU ,offshorew aterstothew estofS cotlandw erecoveredby shipblock8,w here
abundancehasnotbeenestim atedbecausetherew ereonly 3 sightingsofharbourporpoiseinthew estofthe
area. O nly apartoftheCeltic/IrishS easAU w ascoveredby S CAN S -IIIsotheestim ateforthisareaisnot
representativeofthew holeAU .W aterstothesouthandw estofIrelandw erecoveredby Irishproject
O bS ER VEandestim atesofabundanceforthesew atersarenotyetavailable.

FortheIberianpeninsula,theaerialsurvey coveredallcontinentalshelfw aters;theAU includesw atersoffthe
shelf,w hichisunlikely toincludeharbourporpoises(nonew ereseeninshipblocks11,12 and13).

T able33.Estim atesofharbourporpoiseabundanceanddensity (anim als/km 2)inICES Assessm entU nits,and
N orw egiancoastalw atersnorthof62°N .CV isthecoefficientofvariationofabundanceanddensity.CL low
andCL higharetheestim atedlow erandupper95% confidencelim itsofabundance.Allestim atesarefrom
aerialsurvey exceptfortheKattegatandBeltS easAU ,w hichisfrom shipsurvey block2.N otethatthesum of
theestim atesfortheCeltic/IrishS easandN orthS eaAU s(372,073)isslightly sm allerthanthesum ofthe
contributingbocks(372,452);thisisbecauseblockC spannedbothAU sandw aspost-stratifiedinanalysis.

A ssessm entU nit A bundance Density CV CL low CL high

Celtic/IrishS eas(partial
coverageonly)

26,700 0.11 0.25 16,055 42,128

N orthS ea 345,373 0.52 0.18 246,526 495,752

W estS cotland 24,370 0.21 0.23 15,074 37,858

Iberianpeninsula 2,898 0.04 0.32 1,386 5,122

KattegatandBeltS eas 42,324 1.04 0.30 23,368 76,658

N orw egiancoastalw aters 24,526 0.25 0.28 14,035 40,829
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Distributionofestim ateddensity overthesurvey area

M odellingofthenew datafrom 2016toinvestigatefinescaledistributionandhabitatuseisinprogressand
w illform asubsequentprojectreport.Forthosespeciesw ithsufficientdata,acoarseideaofhow abundance
w asdistributedoverthesurvey areacanbeseenfrom m apsofestim ateddensity by survey block.M apsfor
harbourporpoise;bottlenose,com m onandstripeddolphin;andm inkeandfinw haleareshow ninFigure5.

Figure5.Estim ateddensity ineachsurvey blockforharbourporpoise(topleft),bottlenosedolphin(top
m iddle),com m ondolphin(topright),stripeddolphin(bottom left),m inkew hale(bottom m iddle)andfin
w hale(bottom right).
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R esponsivem ovem enttosurvey shipsandreanalysisofdatafrom 1994 and2005

T herew asnoevidenceofm ovem entinresponsetothesurvey shipsforany speciesinS CAN S -IIIand,
accordingly,point(trackline)independencem odels(L aake& Borchers2004)w ereusedtoestim atedetection
probability forallspecies.In2005,therew asstrongevidenceofattractionforcom m ondolphinsandw eak
evidenceofavoidanceforharbourporpoise,w hite-beakeddolphinandm inkew halesothefullindependence
detectionprobability m odelthatallow sforresponsivem ovem ent(Borchersetal.1998;L aake& Borchers
2004)w asusedforallspecies(Ham m ondetal.2013).In1994,theonly m ethodofanalysisavailablefortw o-
team dataw asthefullindependencem odel.

U seoffullindependencem odelsforallspeciesw astheonly optionin1994 andjustifiedin2005,butthis
createsapotentialproblem forcom parisonw ithabundanceestim atesfrom 2016.T hefullindependence
m odel,w hilenecessary ifresponsivem ovem entneedstobeaccountedfor,isnotrobusttoany unm odelled
heterogeneity (non-independence)intheprobability ofdetectionby theT rackerandP rim ary team s;thisnon-
independenceislikely tobeapositivecorrelation,w hichgeneratesnegatively biasedestim ates.Itistherefore
likely thatpublishedestim atesofabundancefor1994 and2005 arenegatively biased.T hepointindependence
m odel(usedforS CAN S -IIIshipboardanalysis)assum esnon-independenceonly onthetransectlineandisthus
m orerobustandlesslikely togeneratenegatively biasedestim ates.

Anadditionalconsiderationisthatresponsivem ovem entintheform ofavoidance,assuggestedforharbour
porpoise,w hite-beakeddolphinandm inkew halein2005,leadstonegativebias. Accountingforthisby using
thefullindependencedetectionprobability m odelshouldthereforeleadtoahigherestim atethanusingthe
pointindependencem odel. How ever,thisw asnotthecase(seebelow ).

Insum m ary,ifestim atesfrom 1994 and2005aresubjecttonegativebiasandestim atesfrom 2016arenot,
assessm entoftrendsinabundanceovertim ew ouldbeconfoundedw iththisdifferenceandtrendscould
appearm orepositivethanthey are.

Consequently,itw asdecidedtoreanalysetheS CAN S andS CAN S -IIshipboarddatausingthem orerobustpoint
independencem odelofdetectionprobability tocreateacom parabletim eseriesofestim atesfrom 1994,2005
and2016.Abundancew asre-estim atedforharbourporpoise,w hite-beakeddolphinandm inkew halein1994
and2005.Abundancew asnotre-estim atedforcom m ondolphinin2005becauseofthestrongevidenceof
attractiontothesurvey vesselsinthisspeciesonS CAN S -II,w hichcouldcauseasubstantialoverestim ateifnot
accountedforusingthefullindependencem odel(e.g.Cañadasetal.2009).Abundancew asalsonotre-
estim atedforbottlenosedolphinin2005becausetherew ereinsufficientdatatouseany form oftw o-team
analysism ethods.

Aerialsurveysarenotsubjecttoresponsivem ovem ent-thetandem aircraftm ethodusedin1994 andthe
circle-backm ethodusedin2005 and2016provideconsistentestim atesforharbourporpoiseinalloftheaerial
surveys.

How ever,theavailability forthefirsttim eofg(0)estim atesfordolphinspeciesandform inkew haleestim ated
fortheS CAN S -IIIaerialsurvey providedanopportunity toim proveestim atesofabundanceforw hite-beaked
dolphin,com m ondolphin,bottlenosedolphinandm inkew halefrom theS CAN S -IIaerialsurvey in2005.
P ublishedestim ateshadpreviously beencorrectedonly foravailability,basedondivedatafrom studiesin
otherareas(Ham m ondetal.2013).

T able34 show stherevisedestim atesofabundancefor1994 and2005com paredtothosepreviously
publishedinHam m ondetal.(2002,2013).R evisedshipestim atesaresim ilarform inkew halebut20-50%
largerforharbourporpoiseandthreetim eslargerforw hite-beakeddolphin.T heseresultsconfirm that
abundancew aspreviously underestim atedforharbourporpoiseand,especially,forw hite-beakeddolphin.
R evisedaerialestim atesusingtheS CAN S -IIIestim atesofg(0)aresim ilarfordolphinspeciesbutsm allerfor
m inkew hale.
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T able34.R evisedestim atesofabundancefor1994 and2005com paredw ithpreviously publishedestim ates
(Ham m ondetal.2002;2013).S pecies:HP = harbourporpoise;W B = w hite-beakeddolphin;M W = m inke
w hale;BD = bottlenosedolphin;CD = com m ondolphin.Allpreviously publishedshipestim atesusedthefull
independence(fi)m odelofdetectionprobability exceptforbottlenosedolphinin2005forw hichthedata
w eresufficientonly foraconventional“ singleobserver” (so)analysis.Allrevisedestim atesusedthepoint
independencem odelofdetectionprobability,exceptforbottlenosedolphinandcom m ondolphinin2005 (see
above). R evisedaerialestim atesusedS CAN S -IIIestim atesofg(0)fordolphinsandm inkew hale.T herew ere
noaerialestim atesforw hite-beakeddolphinorm inkew halein1994.

R evisedestim ates
Previously published estimates
(Hammond et al. 2002; 2013)

Year S pecies Area N CV 95% CI N CV 95% CI

1994 HP S hip 358,807 0.20 292,995 0.16

1994 HP Aerial 48,370 0.30 48,371 0.30

1994 HP T otal 407,177 0.18 288,920 -573,838 341,366 0.14 260,000 - 449,000

1994 W B S hip 23,716 0.30 13,440 -41,851 7,856 0.30 4,000 - 13,300

1994 M W S hip 9,685 0.23 6,199 -15,132 8,445 0.24 5,000 - 13,500

2005 HP S hip 409,774 0.27 265,268 0.24

2005 HP Aerial 110,090 0.17 110,090 0.17

2005 HP T otal 519,864 0.21 343,521 -786,730 375,358 0.20 256,304 - 549,713

2005 W B S hip 33,119 0.41 11,659 0.34

2005 W B Aerial 4,569 0.54 4,878 0.57

2005 W B T otal 37,689 0.36 18,898-75,164 16,536 0.30 9,245 - 29,586

2005 M W S hip 13,383 0.36 13,640 0.37

2005 M W Aerial 1,866 0.33 5,317 0.74

2005 M W T otal 15,249 0.31 8,352 -27,842 18,958 0.35 9,798 - 36,680

2005 BD S hip(so) 14,515 0.47 14,515 0.47

2005 BD Aerial 2,126 0.82 1,971 0.54

2005 BD T otal 16,641 0.42 7,618-36,351 16,485 0.42 7,463 - 36,421

2005 CD S hip(fi) 36,225 0.21 36,225 0.21

2005 CD Aerial 18,730 0.47 19,995 0.51

2005 CD T otal 54,955 0.21 36,607-82,498 56,221 0.23 35,748 - 88,419

T rendsinabundance

Follow ingthesuccessfulcom pletionoftheS CAN S -IIIsurvey in2016,therearenow threeestim atesof
abundanceforharbourporpoise,w hite-beakeddolphinandm inkew haleintheN orthS eafrom S CAN S ,
S CAN S -IIandS CAN S -III,anditisjustifiabletoinvestigatetrendovertim e.Form inkew haleintheN orthS ea,
therearefiveadditionalestim atesfrom theN orw egianIndependentL ineT ransectS urveys(N IL S )(Bøthunet
al.2009;S chw ederetal.1997;S kaugetal.2004;S olvangetal.2015).Alltheseestim atesrelatetotheN orth
S eaboundedby 62°N tothenorthbuttheearlierN orw egianestim atesofm inkew haleabundancecovereda
sm allerareabetw een56°N and61°N .T hem ostrecentN orw egianm inkew haleestim atefor2009 includes
w aterssouthto53°N .

Althoughnotcoveringexactly thesam earea,therearealsothreecom parableestim atesofabundancefor
harbourporpoiseintheS kagerrak/Kattegat/BeltS easareain1994,2005and2016,andtw ocom parable
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estim atesfor2012 (Viqueratetal.2014)and2016 forthesm allerKattegat/BeltS easarea.Figure6show sthe
areascoveredinthesesurveyscom paredtotheareabelievedtorepresentaseparatepopulation(S veegaard
etal.2015).

Figure6. AreascoveredduringthethreeS CAN S surveysandthe“ M iniS CAN S ” survey in2012 (Viqueratetal.
2014)intheS kagerrak/Kattegat/BeltS eas(colouredlightblue)com paredw iththeareabelievedtorepresent
aseparatepopulation(S veegaardetal.2015)(cross-hatcheddarkblue).

Inany assessm entoftrend,itisim portanttoconsiderthestatisticalpow ertodetectachangeinabundanceof

agivenm agnitude.S im plepow eranalyses(ignoringadditionalvariancefrom variationinthenum berof

anim alspresentintheareaatthetim eofthesurvey)w ereconductedtodeterm inetheannualrateofdecline

thatcouldbedetectedw ithhigh(80% )pow erfrom theavailableestim atesofabundance.P ow erw as

calculatedusingthesim plifiedinequality:

r2n3 > 12CV2 (Zα/2 + Zβ )2

w herer= rateofchangeoverthetim eperiodinquestion,n= thenum berofsurveysduringthetim eperiod,

CV = coefficientofvariationofabundance,Zα/2 = thevalueofastandardisedrandom norm alvariableforthe

probability of m aking a T ype I error, α (set to 0.05), Zβ isthevalueofastandardisedrandom norm alvariable

for the probability of m aking a T ype II error, β , and pow er is (1-β ) (Gerrodette, 1987). 

Figure7show stheestim atesandtrendlinesfittedtothreeorm orecom parableestim atesofabundanceand
T able35 givestheresultsofthepow ercalculations.T heseresultsshow thatthereisnostatisticalsupportfora
changeinabundanceovertheperiodcoveredby thesurveysforany species/region.

T heannualratesofdeclinethatcanbedetectedw ith80% pow erfrom thethreeestim atesintheN orthS ea
are1.8% forharbourporpoiseand5% forw hite-beakeddolphin.Form inkew hale,theeightestim atesforthe
N orthS eaarequitevariablebuthave80% pow ertodetecta0.5% annualrateofdecline.

1994 2005 2012

2016
Blocks1+2

2016
Block2
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Figure7.T rendlinesfittedtotim eseriesofthreeorm oreabundanceestim ates.T opleft:harbourporpoisein

theS kagerrak/Kattegat/BeltS easarea(bluedotsandline)– estim atedrateofannualchange= 1.24% (95% CI:-

39;67% ),p= 0.81.Estim atesfortheKattegat/BeltS easpopulationarea(seeFigure6)show nasreddots.T op

right:harbourporpoiseintheN orthS ea– estim atedrateofannualchange= 0.8% (95% CI:-6.8;9.0% ),p= 0.18.

Bottom left:w hite-beakeddolphinintheN orthS ea– estim atedrateofannualchange= -0.5% (95% CI:-18;22% ),

p= 0.36.Bottom right:m inkew haleintheN orthS ea– estim atedrateofannualchange= -0.25% (95% CI:-4.8;

4.6% ),p= 0.90.Errorbarsarelog-norm al95% confidenceintervals.

T able35.R esultsofpow ercalculationstodeterm inetheannualrateofdeclinethatcouldbedetectedby the

availabledataw ith80% pow er.nisthenum berofabundanceestim ates.CV = averageCV ofabundancefor

theavailableestim ates.

S pecies R egion n CV
Annualrateofdecline

detectableat80% pow er

Harbourporpoise S kagerrak/Kattegat/BeltS eas 3 0.30 3.7%

Harbourporpoise N orthS ea 3 0.18 1.8%

W hite-beaked dolphin N orthS ea 3 0.36 5%

M inkew hale N orthS ea 8 0.30 0.5%
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Discussion

W epresenthereresultsfrom thethirdinalong-term tim eseries(1994,2005/07,2016)oflarge-scale
m ultinationalsurveysofcetaceansinEuropeanAtlanticw aters(Figure8)allow ingasnapshotview ofhow
distributionandabundancehavevariedoverm orethantw odecades.ExceptforP ortugueseoffshorew aters,
andw aterstothesouthandw estofIreland,therearenow tw ocom prehensiveandcom parablesum m er
datasetsforEuropeanAtlanticw atersbetw een62°N andtheS traitsofGibraltar.Andtherearethreesuch
com parabledatasetsfortheN orthS eaandtheS kagerrak/Kattegat/BeltS eas.

ForharbourporpoiseintheN orthS ea,aregionthatcanbeconsideredforassessm entpurposesasa
populationunit,ourresultsshow noevidencefortrendsinabundancesincethem id-1990s.T hesam eisthe
caseforw hite-beakeddolphinandm inkew haleintheN orthS ea,andforharbourporpoiseinthe
S kagerrak/Kattegat/BeltS eas.P ow ertodetectdirectionalchangesinabundancefrom large-scalesightings
surveysisgenerally low (T ayloretal.2007)butthetim espancoveredby thethreeS CAN S surveysand
reasonableprecisioninestim atesm eansthatthedatahavehighpow ertodetectchangesof2-5% peryear.
Form inkew halesw herem oresurveysareavailable,thereishighpow ertodetecta0.5% changeinabundance
peryear.

Form ostspeciesforw hichw ecanestim ateabundancefrom large-scalesurveys,EuropeanAtlanticw atersare
attheedgeofaw iderN orthAtlanticrange. S patialvariationinprey availability m ay leadtoredistributionof
anim alsandthedistributionandabundanceofthesespeciesinEuropeanw atersm ay vary asaresultofthis.

A erialvsshipsurvey

AllthreeS CAN S surveyshavebeenconductedw itham ixofaerialandshipboardsurveys.In1994,nineships
andtw oaircraftw ereusedand,in2005,sevenshipsandthreeaircraft(Ham m ondetal.2002;2013).In2016,
sevenaircraftandthreeshipsw ereused,w ithshelfw atersbeingentirely coveredby air,exceptthe
Kattegat/BeltS eas.
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Figure8.Areassurveyed,w ithonefforttransectlines,by S CAN S in1994 (topleft),S CAN S -IIin2005 (topright),
CO DA in2007(bottom left)andS CAN S -IIIin2016 (bottom right).

T herew eretw om ainreasonsforchoiceofsurvey platform in2016,thefirstofw hichw ascost.U nlikeS CAN S
andS CAN S -II,S CAN S -IIIw asnotsupportedby theEuropeanCom m issionL IFEprogram m eandfundingw as
lim iting.T w oshipsw ereavailablefrom projectpartnersbutadditionalsurvey platform sneededtobe
charteredtocoverthelargem ajority ofthesurvey area.Althoughthecostperflyinghourishigh,thecostper
km searchedisaboutfivetim eshigherforashipthananaircraftduedifferencesinsurvey speed.Detection
probability and,therefore,effectivestripw idthissm allerfrom anaircraftthanfrom aship,butaerialsurvey is
stillconsiderably cheaperthanshipsurvey.

T hesecondreasontofocusonaerialsurvey w asbecauseofconfidenceinthenow w ell-establisheddata
collectionandanalysism ethodology.T hetandem aircraftm ethoddevelopedforsurveyingharbourporpoisein
thefirstS CAN S survey in1994 (Hiby & L ovell1998)hasbeensupersededby them oreefficientcircle-back

S CAN S
1994

S CAN S -II
2005

CO DA
2007

S CAN S -III
2016
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(“ racetrack” )m ethodfirstusedinS CAN S -IIin2005 (Hiby 1999).T hesem ethodshavesincebeenextensively
usedinregularsurveysinEuropeanw aters(e.g.Gillesetal.2009;S cheidatetal.2008;2012).

T henew developm entinS CAN S -IIIw astoem ploy thecircle-backm ethodfordolphinspecies(bottlenose,
w hite-beaked,w hite-sided,com m onandstriped)andform inkew haletoobtainm oreappropriatecorrections
form issinganim alsonthetransectline(i.e.,g(0)).T hesm allersam plesizesforthesespeciesm eantthatsom e
sim plifyingassum ptionshadtobem ade.Inparticular,itw asassum edthatgroupsofthesespeciesspenda
sim ilarproportionoftim eatthesurfaceasharbourporpoiseandthattheratesanddistributionofany
displacem entbetw eentheleadingandtrailingsectionsofeffortarealsosim ilartoharbourporpoise.
N evertheless,thesenew estim atesofg(0)arebetterthanpreviously usedcorrections,w hichw erelim itedto
accountingonly foravailability bias(notperceptionbias)basedonsurfacingratesavailablefrom otherstudies
andareas(seeHam m ondetal.2013).R evisedabundanceestim atesfordolphinspeciesandm inkew halefrom
S CAN S -IIin2005usingthesenew estim atesofg(0)aretherefoream arkedim provem ent.

O verall,w hileestim atesforspeciesnotcom m only seeninshelfw atershavenotbeencorrected,extensionof
theuseofthecircle-backm ethodhasallow edustogenerateunbiasedestim atesofabundanceforharbour
porpoise,dolphinspeciesandm inkew hale.

A nom alousdatafrom M /V S koven

O noneoftheships(M /V S koven),w hichsurveyedoffshorew atersw estofS cotlandandthenorthernBay of
Biscay,thedataforlargebaleenw hales(thelargem ajority ofw hichw erefinw hales)w erecom prom isedby
atypicalsearchingpatternsby bothT rackerandP rim ary observers.T rackerobserversfocussedtooclosetothe
transectlineresultingintheirobservationsbeingaggregatedatsm allperpendiculardistances.T hishadthe
effectthattheconditionalprobability ofdetectionby P rim ary observersw assm allerclosetothetransectline
thanfurtheraw ay,violatingafundam entalprincipleoflinetransectsam pling.

Inaddition,P rim ary observerstendedtodetectlargebaleenw halesm uchfurtheraheadofthevesselthan
dictatedby theprotocol(searchingw ithin500m oftheship).Evenifprotocolisfollow edontheP rim ary
platform ,theeasily detectedblow ofthefinw halem ay bedetectedinperipheralvision.T hisledtom any fin
w halegroupseitherbeingdetectedby T rackerandP rim ary atthesam etim eorbeingdetectedby P rim ary
beforeT racker,w hichcannotbeincludedasT racker“ trials” inanalysis. T helackofseparationofT rackerand
P rim ary searchingareasviolatestherequirem entofthetw o-team trackerm ethod.

T heresultoftheseanom aliesinthelargebaleenw haledatafrom M /V S kovenm eantthatitw asnotpossible
toconductatw o-team analysis.Instead,finw haleabundanceinareassurveyedby M /V S koven(blocks8and
9)w asestim atedfrom P rim ary platform datainaconventionalsingleplatform analysis.Finw haleabundance
intheseareasisthereforelikely underestim ated.T heseproblem sdidnotoccurontheothershipsurveying
offshorew atersandfinw haleabundanceinareassurveyedby B/O AngelesAlvariño(blocks11,12 and13)
w asestim atedusingtheplannedtw o-team analysis.

T hedifficulty ofconductingatw o-team survey w iththetrackerprotocolforlargebaleenw haleshasbeen
recognisedpreviously.T hehighvisibility offinw haleblow sandthelongperiodthatthey areavailabletobe
detectedm eansthatg(0)forthisspeciesislikely toberelatively closeto1. How ever,asingleplatform
analysisoftheB/O AngelesAlvariñodatageneratedafinw haleabundanceestim atearound2/3rd ofthesizeof
thetw o-team analysis,im plyingthatassum ingg(0)=1 w ouldleadtoanunderestim ate.

T hecom m onandstripeddolphindatacollectedonM /V S kovenw erealsoanom alousinthatthelarge
m ajority ofT rackersightingsw erem adeclosetothetransectline.P rim ary conditionaldetectionprobability
alsoincreasedw ithperpendiculardistancebutthesam plesizesatdistancesgreaterthan100m w eresm all;
78% ofT rackersightingsw erem adew ithin100m ofthetransectline.W hendatafrom thetw oshipsw ere
analysedtogether,theconditionaldetectionprobability didnotincreasew ithperpendiculardistancesoa
com binedanalysisw asjudgedtobeappropriateforcom m onandstripeddolphins.

T heanom alousdatacollectedonM /V S kovenillustratetheim portanceoffollow ingdatacollectionprotocol.If
thelargem ajority ofT rackertrialsarem adevery closetothetransectlinethenrandom m ovem entineither
directionw illresultinperpendiculardistancetendingtoincreaseby thetim etheanim alsbecom eavailableto
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beseenby P rim ary observers.T hisseem slikely tobetheexplanationfortheapparentincreaseinP rim ary
conditionaldetectionprobability w ithperpendiculardistanceforfinw haleandcom m on/stripeddolphins.

N ew inform ationondistributionandabundance

Harbour porpoise

T heobserveddistributionofharbourporpoisesin2016w assim ilartothatobservedinS CAN S -IIin2005
(Ham m ondetal.2013)butonenotabledifferenceisthatm oresightingsw erem adethroughouttheEnglish
Channel(blockC)in2016thanpreviously.In1994,nosightingsw erem adeintheChannelorthesouthern
N orthS ea(Ham m ondetal.2002).In2005,therew ereanum berofsightingsatthefarw esternendofthe
Channel(Ham m ondetal.2013)andintheS AM M survey in2012 therew eresightingsinboththew esternand
easternparts,butnotthecentralpart(L aranetal.,inpress).T hesightingsthroughouttheChannelin2016

IntheICES AU s(seeFigure2),theestim atesin2016and2005 arecom patibleintheIberianpeninsulaAU
(2,900,CV = 0.32 and2,880,CV = 0.72,respectively),andintheW estS cotlandAU (24,400,CV = 0.23 and
26,300,CV = 0.37).T hesouthernpartoftheW estS cotlandAU w ascoveredby theIrishO bS ER VEprojectand
inform ationforthisareaisnotyetavailablefor2016.IntheKattegatandBeltS easAU ,theestim atefor2016
of42,000 (CV = 0.23)isconsistentinterm sofareasurveyedonly w iththeestim atefor2012 of40,000 (CV =
0.24)(Viqueratetal.,2014).IntheN orthS eatheestim atein2016 (345,000,CV = 0.18)w assim ilartothe
estim atein2005(355,000,CV = 0.22;revisedfrom Ham m ondetal.2013)and1994 (289,000,CV = 0.14;
revisedfrom Ham m ondetal.2002),andtothem odel-basedestim ateusingdatafrom 2005-2013 of361,000
(0.20)(Gillesetal.2016). R esultsofthetrendanalysisofestim atesintheN orthS eaandthe
S kagerrak/Kattegat/BeltS easshow nosupportforchangesinabundancesince1994.

T heS CAN S -IIIsurvey coveredonly apartoftheCelticandIrishS easAU ;therem ainingpartoftheAU w as
coveredby theIrishO bS ER VEproject,forw hichnoestim ateisavailableyet.Itisthusnotpossibletopresent
anestim ateforthisAssessm entU nitatthistim e.

Bottlenose dolphin

T heobserveddistributionofbottlenosedolphinsin2016 w assim ilartothatobservedinS CAN S -IIandCO DA in
2005/07(Ham m ondetal.,2013;CO DA 2009)butm ostoftheoffshoresightingsin2007w erem adeinthe
O bS ER VEsurvey area,forw hichinform ationfor2016 isnotyetavailable.T heestim ateofabundancefor2016
of27,700 (CV = 0.23)issm allerthanthatfrom 2005/07of35,900 (CV = 0.21)(W GM M E2017)butadirect
com parisonbetw eenestim atesfor2016and2005/07shouldnotbem adeuntilestim atesareavailablefor
equivalentareas.

White-beaked dolphin

T heobserveddistributionofw hite-beakeddolphinsin2016 issim ilartothatobservedinS CAN S -IIin2005
(Ham m ondetal.,2013)andinS CAN S in1994 (Ham m ondetal.,2002).T heestim ateofabundancein2016of
36,300 (CV = 0.29)isvery sim ilartotheestim atefrom S CAN S -IIin2005of37,700 (CV = 0.36)(revisedfrom
Ham m ondetal.2013)buthigherthantheestim atefrom S CAN S in1994 of22,600 (CV = 0.23)(revisedfrom
Ham m ondetal.2002).R esultsofthetrendanalysisofestim atesintheN orthS eashow nosupportforchanges
inabundancesince1994.

Common and striped dolphins

T heobserveddistributionsofcom m onandstripeddolphinsin2016aresim ilartothoseobservedinS CAN S -II
andCO DA in2005/07(Ham m ondetal.,2013;CO DA 2009)andintheS AM M surveysintheChanneland
Frenchw atersoftheBay ofBiscay insum m er2012 (L aranetal.,inpress).S om esightingsin2005and2007
w erem adeintheO bS ER VEsurvey area,inw hichinform ationfor2016 isnotyetavailable.T hedistributionof
com m ondolphinsappearstobestrongly concentratedinshelfw atersbutasubstantialnum berof
unidentifiedcom m onorstripeddolphinsightingsw erealsom adeinoffshorew aters,atleastsom eofw hich
w erelikely tohavebeencom m ondolphins.S tripeddolphinsappeartobestrongly concentratedinoffshore
w atersbutsom eoftheunidentifiedsightingsinshelfw aterscouldhavebeenstripeddolphins.
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T heestim atesofabundancein2016of468,000 (CV = 0.26)com m ondolphin,372,000 (CV = 0.33)striped
dolphinand158,000 (CV = 0.19)unidentifiedcom m onorstripeddolphinssum toalm ostonem illionanim als.
T heseestim atesaresubstantially largerthantheestim atesfor2005/2007of174,000 (CV = 0.27)com m on
dolphinand61,400 (CV = 0.93)stripeddolphin,respectively (revisedfrom Ham m ondetal.,2013;CO DA 2009).
A directcom parisonbetw eenestim atesfor2016and2005/07shouldnotbem adeuntilestim atesare
availableforequivalentareas.

How ever,theestim ateofcom m onandstripeddolphinsinsum m er2012 from theS AM M surveysinthe
ChannelandFrenchw atersintheBay ofBiscay w asaround700,000 anim als(L aranetal.,inpress).T heS AM M
survey areadidnotincludeS panishw atersthatw ereincludedinS CAN S -IIIin2016andtheestim atew asnot
correctedforanim alsm issedonthetransectline.T heestim atesfrom S CAN S -IIIin2016 andS AM M in2012
thereforeappeartobecom patible.

Long-finned pilot whale

T heobserveddistributionofpilotw halesw assim ilarin2016tothatobservedinS CAN S -IIandCO DA in
2005/07(R oganetal.,inpress)butthem ajority ofthesightingsin2007w erem adeintheO bS ER VEsurvey
area,forw hichinform ationfor2016isnotyetavailable.T heabsenceofinform ationfrom Irishw atersm ay
partly explainw hy theestim ateofabundancefor2016of25,800 (CV = 0.35)isconsiderably sm allerthanthat
from 2005/07of124,000 (CV = 0.35)(R oganetal.,inpress)butadirectcom parisonshouldnotbem adeuntil
estim atesareavailableforequivalentareas.

Beaked whales (all species)

T heobserveddistributionofbeakedw halesw assim ilarin2016 tothatobservedinCO DA in2007(CO DA 2009)
andfrom opportunisticsightings(W GM M E2016).S om eofthesesightingsw erem adeintheO bS ER VEsurvey
area,forw hichinform ationfor2016isnotyetavailable.

T heestim ateofabundanceofallbeakedw halespeciescom binedfor2016of11,400 (CV = 0.50)issim ilarto
theequivalentestim atefrom S CAN S -IIandCO DA in2005/2007of12,900 (CV = 0.31)(R oganetal.,inpress)
butadirectcom parisonshouldnotbem adeuntilestim atesareavailableforequivalentareas.

Sperm whale

T heobserveddistributionofsperm w halesw assim ilarin2016 tothatobservedinCO DA in2007(R oganetal.,
inpress).S om eofthesesightingsw erem adeintheO bS ER VEsurvey area,forw hichinform ationfor2016is
notyetavailable.

T heestim ateofabundanceofsperm w halesin2016of13,500 (CV = 0.41)islargerthantheestim atefrom
CO DA in2007of2,600 (CV = 0.26)foridentifiedsperm w halesandtheestim ateof5,600 (CV = 0.32)ifa
proportionofunidentifiedlargew halesisincluded(R oganetal.,inpress).How ever,adirectcom parison
shouldnotbem adeuntilestim atesareavailableforequivalentareas.

Minke whale

Betw een1994 and2005therew assom eevidencethatm inkew haledistributionintheN orthS eahadshifted
tothesouth(Ham m ondetal.2013).T heobserveddistributionofm inkew halein2016 w assim ilartothat
observedin2005 intheN orthS ea,andsim ilaroveralltothatin2005/07(Ham m ondetal.,2013;Ham m ondet
al.,2011).How ever,m any sightingsin2007w erem adeintheIrishO bS ER VEsurvey area,inw hichinform ation
for2016 isnotyetavailable.

T heestim ateofabundancein2016of14,800 (CV = 0.33)issm allerthantheestim atefor2005/07from S CAN S -
IIandCO DA of26,800 (CV = 0.35)(revisedfrom Ham m ondetal.2011).T hism ay bepartly becauseofthelack
ofanestim ateinIrishw atersbutadirectcom parisonshouldnotbem adeuntilestim atesareavailablefor
equivalentareas.T heestim atefor2016 intheN orthS eaw as8,900 (CV = 0.24),w hichisw ithintherangeof
previousestim atesfrom S CAN S ,S CAN S -IIandN orw egiansurveysandresultsofthetrendanalysisofestim ates
intheN orthS eashow nosupportforchangesinabundancesince1989.

Fin whale

T heobserveddistributionoffinw halesin2016 w assim ilartothatobservedinCO DA in2007(Ham m ondetal.,
2011).T heestim ateofabundancein2016of18,100 (CV = 0.38)isvery sim ilartotheestim atefrom 2007of
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19,300 (CV = 0.24)foridentifiedfinw halesbutsm allerthantheestim atefor2007thatincludedaproportion
ofunidentifiedlargew halesof29,500 (CV = 0.21)(Ham m ondetal.,2011).Analysestoaccountforunidentified
largew haleshavenotyetbeenundertakenfortheS CAN S -IIIdata.T he2007estim atealsoincludedw atersto
thew estofIreland,w hichS CAN S -IIIdidnot,andadirectcom parisonshouldnotbem adeuntilestim atesare
availableforequivalentareas.

Concludingrem arks-lessonslearnedfrom theS CAN S experience

O verall,theresultsfrom theselarge-scaleinternationalsurveyshavegreatly expandedourknow ledgeofthe
distributionandabundanceofcetaceanspeciesintheEuropeanAtlantic,enablingbycatchandother
anthropogenicstressorstobeplacedinapopulationcontextandgivingastrongbasisforassessm entsof
conservationstatus.T heinform ationnow availableform sagoodfoundationforalarge-scaletim eseriesfor
thecom ingdecades.

S CAN S -typesurveysasstand-aloneprojectsrequireconsiderableresourcesfocussedatonepointintim e.
How ever,consideringtheircurrentdecadal-scalefrequency andthenum berofcountriesinvolved(around10),
theannualcostpercountry issm all.Evenifthefrequency w ereincreasedtom atchEU Directivereporting
cyclesof6years,they shouldbereadily affordable.

AlthoughtherehavebeenthreesuccessfulS CAN S projects,they donotform aprogram m eofsurveys;each
onehasbeendevelopedfrom scratchby ateam ofdedicatedscientists. IfEuropeanAtlanticrangestates
valuetheinform ationprovidedby S CAN S itw ouldbem oreappropriateforfuturesurveystobedrivenby
governm entagenciesresponsibleforim plem entingnationalandEuropeanpolicy.

T heresultspresentedtodatew illbeintegraltocetaceanassessm entsundertakenforO S P AR ’sQ uality S tatus
R eportandfortheM arineS trategy Fram ew orkDirectiveassessm entsofGoodEnvironm entalS tatus.T he
resultsalsoenabletheim pactofbycatchandotheranthropogenicpressuresoncetaceanpopulationstobe
determ ined,fulfillingasuiteofneedsundertheEU HabitatsDirectiveandtheAgreem entontheConservation
ofS m allCetaceansintheBaltic,N ortheastAtlantic,IrishandN orthS eas(AS CO BAN S ). Estim atesofabsolute
(unbiased)abundancearerequiredforthesetasks,atleastperiodically,andS CAN S -typetw o-team survey
m ethodsareneededtoachievethis.
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