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INTRODUCTION

A series of large scale surveys for cetaceans in European Atlantic waters was initiatedimtbh®@9dorth Sea

and adjacent water6SCAN$995 Hammond et al. 2002) and continued in 200%ll shelf water¢SCANS

2008 Hammond et al. 2013) and 200voffshore waterCODA 2009)n the mid1990s, the primaryeed for

a largescale surveyasto obtain the firstcomprehensive estates of abundancef harbour porpoise in the

North Sea and adjacent watess thatestimates of bycatcleould be placedh a population context. The
motivationfor ongoing surveys is to provide the information on distribution and abundance of cetaceans
required by Member States to report on Favourable Conservation Status under the Habitats Directive and on
Good Environmental Status (GES) under the Marine Strategy Framework Directive (MSFD).

The frequency of these surveys was intended to be approximatelgdig and a new survey was thus

scheduled for the mi010s. The previous SCANS projects had been supported by the European LIFE Nature
programmebut a proposal for 8 CANdHI project with a survey to take place in 2015 was rejected without
review. MemberStates nevertheless remained committed to the project anfficient resources were

secured toconductthe SCANSI surveyin summer 2016The supporting countries were: Denmark, France,
Germany, the Netherlands, Norway, Portugal, Spain, Sweden andikthAn independent projesupported

by Ireland ObSERVE, is carating surveys in Irish watedsiring the period20152017.

A primary aim of SCANIBwas toprovide robust largescale estimates of cetacean abundancénform the
upcomingMSFD assessmeat GESn European Atlantic watelisa 2018.Some surveygeneratingrobust
estimates of abundance have been conducted stheeSCANS/CODA ir2005/2007, as detailed in WGMME
(2016), butthese donot providecomprehensive estimatesf abundance for muiple specie®verthe whole

of European Atlantic waters.

This report summarises desitmased estimates of abundance for those cetacean species for which sufficient
data were obtained during SCANB harbour porpoise, bokenose dolphinw A & & 2 Q AwhiR-Bdakelk A Y =
dolphin, whitesided dolphincommon dolphin, striped dolphimilot whale,all beaked whalespecies

combined sperm whale, minke whale and fin whale



METHODS

Study areaand survey design

Theinitial objective of SCANSE was to survey alturopean Atlantic waters from the Strait of Gibraltathe
southto 62°Nin the northand extendingvestto the 200 nm limits of all EU Member States. The final
surveyed area&xcludedoffshore waters of Portugaindalso excludedvaters to the sath andwest of Ireland
which were surveyed by the Irish ObSERVE projeest@l waters of Norway north to Vestfjorderere
included(Figure 1).
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Figure 1 Area covered by SCANand adjacent surveys. SCANSpink lettered blocks were surveyed by air;
blue numbered blocks were surveyed by ship. Blocks coloured green to the south, west and north of Ireland
were surveyed by the Irish ObSERVE project. Blocks coloured yellow were surveyed by the Faroe Islands as
part of the North Atlantic Sightings Surviey2015.

Shelf waters were surveyed by seven airc(gfg 1, blocks-&), except the Skageak, Kattegat and Belt Seas,
which were surveyed bihe shipR/VAurora(Fig 1, blocks 1 and.During the survey, the weather during the
time available to be adcated to block 1 was poor, so little ship survey effort was possible. As a result, this
block was also surveyed by éiock P1with design and coverage equivalent to the other aerial survey blocks
¢ see below)
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Offshore waters west of Scotland and hetentralBay of Biscay were surveyedthg shipM/V SkoverfFig

1, blocks 8 and 9). Offshore waters to the north and west of Spain were surveyee §yipB/O Angeles
Alvarifio(Figure 1, blocks 1113). The size and boundaries of survey blocks wereteined primarily by
logistics but also to encompass designdpedposedprotected areasn some cased he relatively small size
of the aerial survey blocks compared to the size of the ship survey blottiesSCANSnd SCANBsurveys
improves, to somextent, the efficiency of the survey for abundance estimation for species with a patchy
distribution within the study area, as discussed by MacLeod (2014) and Hammond et al. (2014).

Surveys within blocks were designed to provide equal coverage probalmiityg the equal spaced zigg
option in the survey design engine in software DISTANCE (Thomas et alTh@d 8hsures thatach point
within a block has the same probability of being surveydidwing unbiased abundance estimation by
extrapolatingestimated sample density to the entire block.

Forthe aerial survey, overall coverage probability was determined by available resoutoga flying hours)
Searching effort wadistributed equally to all blockgapproximately in the case of blocks AA, AB andw@)

the exception of blocks W and Z in Norwegian waters which were assigmpedximatelyhalf and double that
probability, respectivelybecause of expected differences in relative densitithin ead aerial blockthree

sets of random transect lines were generated with the minimal aim that at least one set would be covered in
each block. If weather permitted, additional sets of transect lines would be covered; which blocks would
receive additional ceerage dependedn resources remainingyeather and national prioritiesAdditional

small survey blocks were created in two Norwegian fjoBisghafjord near Stavangé8VGand Trondheim
Fjord(TRD) as a trial to survey in these challenging areas.

Forthe ship surveygyverallcoverage probabilitfor each shipvas determinedby availableresourcesgurvey
day9, accounting for some time expected to be unavailable for surveying due to poor we&thraee of the
blocks were sudlivided to improve survey degn efficiency. Block 2 was sdivided into five sukblocks to
minimize time wasted off effort wile transiting around islands in inner Danish waters. Eackb8utk was
allocated equal coverage probability so they could be combined for analysigidrgular NE corner of block

8 and SE corner of block 9 were treated separately for survey design purposes but with the same coverage
probability as the rest of the block so they could be combined for analysis. The SW corner of block 9, a
triangular areaputside the 200hm limits of France and Spain, was originally excluded from survey degign
was added in the field with the same coverage probability as the rest of the block.

Data collection
Aerial survey

Each of the seven aircraft accommodatadee sdentific crewmembersin addition to the pilotOne aircraft
hadan additional threescientific crew working aanindependent teamTargetaltitude was 600 fee{183 m
andtarget speedwas90 knots (167 km:}. Two observers sat at bubble windows on tledt and rightsides of
the aircraft and the third team member acted aavigator and data recorder for environmental and sightings
data,entering datainto a laptop computer runningedicateddata collection softwareSighting conditions

were classifiedubjectivelyaségoo, moderate or dpooré based primarily on sea conditions, water turbidity
and glareWhendetected groups came abegmatawere recordedon time,declination angle to the detected
animal or group (from which perpendicular distarveas calculated), cue, presence of calves, behaviour,
species composition and group sigeirther details of field protocol amgivenin Gilles et al. (2009).

To collect data from which correction could be made for animals missed on the transethdicgcle-back or

G NI OS (i NI O [Hiby (Y0Sav&sused. h This approachn detecting a group of animatkie aircraft
circles back to resurvey a defined segment of transBoe same method was used in SCANBammond et

al. 2013) and an equivalentethod developed for tandem aircraft (Hiby & Lovell 1998) was used in SCANS
(Hammond et al. 2002Further detailoof this methodare given in Scheidat et al. (2008)

In previous surveys, the cireliack method has only been used for harbour porpoise. BNSDI, we also
implemented this method for minke whale and forlgkinids (bottlenose, common, striped, whibeaked,

white:d A RSRX YR wAidaazQa R2fLKAYOL gAGK GKS FAY 2F 021

species.



Ship survey

Themethodused on shipsvas a doublglatform line transect survey with twandependentteams of

observers on each ship to genegatata that would allowvabundance estimate® be corrected for animals
missed on the transect line and algotentiallyfor the effects of movement of animals in response to the ship
(Laake& Borchers 2004). This same approach was also use@ANSSCANS and CODA (Hammond et al.,
2002; CODA 2009; Hammond et al. 2013)

Each survey shigccommodatedightobservers working into teams.Target survey speed was 10 knots
(18.5 km.H) on all shipdut was slowewhen surveying against heavy swell.

Two doservers on onglatform, known as Primary, searched with naked aysector from 90° (abeam)
starboard to 10° port or 90° potb 10° starboaraut to 500m distance Two diservers on the othehigher
platform, known as Trackesearched from 500m to the horizon with higlower (15x80 and 7x50 binoculars
Tracker observers tracked detected animals until thagl passed abeawf the vesselObservers not
searchingacted agduplicateidentifier, datarecorder or rested. Thduplicate identifier assessed whether or
not groups of animals detected by Tracker weresighted by PrimaryDuplicates were classified as Definite
(D: at least 90% likely), Probabl®{between 50% and 90% likely), or RemdRelé¢ss than 50% likely). Tllata
recorderrecorded all sightings, effort and environmentitainto a laptop computer runninthe LOGGER
software modified specifically faBCANSurveys (Gillespie et al. 2010Environmental data includesea
conditions measured on thBeaufort scale, swell height and direction, glare, visibility and sightability, a
subjective measure of conditions for detecting small cetaceans.

Data on sighting anglend distance for calculation perpendicular distance were collected automatically,
where possible, as well as manudlBillespie et al. 2. Sghting angles were measured from an angle board
andon Trackerlso using a small camera positioned on tinelerside of the binoculars that took snapshots of
lines on the declparallel to the direction of the shifi. eaper and Gordon 20Q1)istance to detected groups

was measure@n Primary using purposgesigned andndividuallycalibratedmeasuring stickand on Tracker

as a binocular reticule reading and via a vidaoge techniquéGordon 2001)Angles and distances were
calculated fromcaptured video framessing purposenritten software. Additional data collected from each
detected group of animals ihaed: cue, species composition, group size, swimming direction and behaviour.
Data validation software wassed to checlall data at the end of each dai possible

Estimation of abundance

Aerial survey

Only survey effort collected undégooc and dmoderatet conditions were used in analysidsing the method
of Hiby and Lovell (1998)e effective strip width ESVY, including g(O\was estimatedn égoo | Y R

omoderatet sighting conditions /ﬁ and =, respectively) This analysis described in detail iHiby & Gilles
(2016).

For each species, abundamzeanimaldn stratumv was estimated as:

(Equation 1)
whereA, is the area of the straturni,, is the length of transect line covered-@ffort in good or moderate

conditions,ngs, is the number of sightingsf groupsthat occurred in good conditions in the stratum,s, is the
number of sightingsf groupsthat occurred in moderate conditions ihé stratum ands, is the mean

obsewred group size in the straturixploratory ots indicated no dependencef group sizeon perpendicular
distance nor was group size found to be a significant explanatonatéifor detection probaltty.



Group abundance bytr&tum was estimated bﬁv = I‘lEI_:V /S, . Total animal and group abundances were

(group

respectively. Densities were estimated by dividing the

estimated byNF= 3 NE and N£_ ., = 8 &

v(group

abundance estimates lihe area of the associated stratum. Mean group size across strata was estimated by
QS] = N§/ IE(group)-

Coefficients of variation (CVs) and 95% confidence intervals (Cls) were estimated by bootstrapping within
blocks. A parametric bootstrap was used @ngrate estimate®f ESWand these were combined with
encounter rates obtained from a nonparametric transéeised bootstrap procedure. The parametric
bootstrap procedure was based on the assumption thatES/\estimates in good and moderate conditions
were lognormally distributed random variables. Therefore, for each bootstrap pssadiple of transect lines,
a bivariate lognormal random variable was generated from a distribution with mean and vatawnagance
matrix equal to those estimated during tleircled O 6 & NdnayS<i(dedlily & Silles2016). 95% Cls
were calculated using the percentile method.

Abundance of species (or species groupings) for which the-biacle procedure was not performed was
estimated using conventional line traet methods that assume certain detection on the transect line.
Estimates fortiesespeciesare thus underestimated to an unknown degree.

lylfeara s6la O2yRdzOGSR Ay w odHdPH Ecn ow / 2NB ¢St
Ship survey

Analysis of the shipboard datallowedthe doubleplatform line transectmethodologyused in the SCANE
survey(Borchers et al., 199&;aake& Borchers 2004Hammond et al., 202; Hammond et al., 203) usingthe
mrds analysis engine software DISTANGEhomas et al., 2010j0 estimatethe probability of detection on

the transect line g(Qsightingamade from the Tracker platform serd@s a set of binary trials in which success
corresponatdto detectionby observers otthe Primary platform. The prolity that a group of animals, at
given perpendicular distanceand covariateg, was detected from Primary is denotgx(x,z2) and modelled as

a logistic functior(see equation 9 iBorchers et al. 1998

The most robust mrdsiodel for estimating detection probability from doubgatform data is the partial (or
trackline) independence model, in which it is assumed that Tracker and Primary detection probatgiéties
only be independent on the transect line (Borchers et &108; Laake& Borchers 2004 This modelises the
Primary data to estimate detection probability assuming g(0, gnd also the TrackdPrimary markrecapture
data to estimate the conditional detection function to correct detection probability for g(Ojas Hiescribed
above) This modelvas used as a default in analysis.

However, if there is undetected movement in response to the survey vessel, it is necessary to assume that
detection probabilities on Tracker and Primary are independent at all perpdadidistances and to use the

full independence model (Borchers et al. 20D8ake& Borchers 2004 This model only uses the Tracker
Primary markrecapture data to estimate the conditional detection function and is less robust because it is
sensitive to no-independence of detection probabilities between Tracker and Primary at all perpendicular
distancegBorchers et al. 2006 Such norindependence typically results in a positive correlation in detection
probabilities and causes a negative bias in estggatf abundance. Nevertheless, this model should be used in
the presence of responsive movement prior to detection by Primary.

Attraction of common dolphins to survey ships has previously been shown to cause bias if the full
independencemodel is not usedCafada®t al. 2009; Hammond et al. 2013p determine whether the full
independence model needed to be used for any spechesektent of anyesponsive movement wasxplored
using data on swimming direction at first sighting using the method of Raltammond (2001) and by
comparing perpendicular distances recorded by Tracker and Primary for duplicate sightings.



Explanatory covariates to modaétection probability in addition to perpendicular distancecluded sea

conditions as indicated Wyeaufot, glare, swella sightabilityindex, visibility, group sizandvessel. Model

selection was baseprimarilyon! 1 I A 1 SQ& L y F 2 NXvdutibyirspectionddhe GONafotzayd thé | L /
KolmogorovSmirnov and Cramearon Mises goodness of fit tests.

Pependiculardistancedata for modelling detection probability wet®y defaulttruncated atthe largest
distancerecorded by obervers on Primary butor each species, truncation at shorter distances was explored
to see if this improved estimation ofetection probability. The choice of truncation distance was determined
by examining goodness of fit statistigéolmogorovSmirnoff and Cramevon Misestests), while minimising

the amount of data lost-orharbour porpoisedata obtained while surveyirig sea conditions oBeaufort 2

or less were used; for other species data freea conditioss of Beaufort 4 or less were useBuplicates
classified as D and P were considered to be duplicates; those classified as R were not.

The abundance of groups wadiesated usinga HorvitzThompsorike estimator:

9
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(Equation 2)

wheren, is number of detections made from Primawy is perpendicular truncation distan@nd dEare the
estimated parameters of the fitted detéon function

The abundance of individusalas estimated by replacing the numeratortive equation for estimating
abundance of groupwith s;;, the group size of thé" grouprecorded from PrimaryHowever, group sizes
recorded on Tracker afgpically larger andikely to be more accurate thahose recordedn Primary
because they were observed through binoculars and typically multiple times. Conseqestithates of the
abundance of individualsere corrected by the ratio of the sum of Tkaer group sizes to the sum of Primary
group sizes calculated from duplicate observatiforseach block or combination of blocks, depending on
sample sizelf the group size correction was estimated as < 1, it was set to 1.

Estimates of mean group size ebtainedby dividing abundance of individuals by abundance of groups.

Variances were estimated empiricallnaunter rate variance was estimated using the methothogs et al.
(2002)

Where there were insufficient duplicate sightings to support detfatform methods, conventional line
transect methods (assuming certain detection on the transect line) were used to obtain the detection function.

Presentation of abundance estimates

Estimates ofabundancdor each specieare presented for each survdylock and for the total survey arebn
addition, for harbour porpoiseestimates are presented for ICESsessment UnitAUs)(ICES 20)4see Fid,
and also for the Norwegian coastal area north of 62°N.

For these estimateshe SCANSI blocks were matched as closely as possibtae definedAUs as follows:

Kattegat and Belt Seaship block 2

North Seaaerialblocks LV, including P1plus SV@&lusthe eastern part of block;C
West Scotlandaerial blocks €K

Celticand Irish Seaserialblocks Band DF plus the western half of,C

Iberian Peninsutaaerialblocks AA, AB and AC

Norwegian coast north of 62°Mderial survey blocks ¥and TRD

=8 =4 =4 =4 =8 =9

For thesecombinatiors of aerialsurvey blocks, theubsets of thalatawere bootstrapped as described above
to obtainappropriate estimates of variance.



I Celtic & Irish Seas
I iberian Peninsula
I Kattegat & Belt Seas
I North Sea

I \West Scotland

Figure2. ICES Assessment Units for harbour porp@GES 2014)

Forthe bottlenose dolphin, ten AUs have beenfieed for resident or semiesident coastal/inshore
populations,and@ A y 3t S 2FFaAK2NBE a20SIHyAO INBIreg '} KlFLa 0SS
coastal/inshore AUsdt is notappropriate (nopossiblg to separate out the coastal/inshore populations in the
SCANSI suneys sahe total estimate representd KS &S | yR (1 K&mbiredSI yAO I NBI ¢

For the minke whale, whitebeaked dolphirand common dolphin, aingle AU covering all Europeatiafutic
waters has been defined. For these, and all other species, the total ahoedstimatesepresent the AUA
very small proportion of théotal estimates for minke whale and whitgeaked dolphin were in Norwegian
coastalwaters north of 62°N2.2% andess than 1%respectively.

RESULTS

Searching effort and sightings

Sevemaircraft surveyed shelf waters of the European Atlantic, including Norwegian coastal waters, between 27
June and 31 July 2016. Table 1 shows the amount of search effort on transect in each of the survey blocks.

Three ships surveyed waters beyond the coseital shelf and inner Danish waters. Blocks 1 and 2 were
surveyed 524 July, block 8 was surveyed 29 Juhé July, block 9 was surveyed 19 Jdlaugust and blocks
11-13 were surveyed-28 July. Table 2 shows the amount of search effort on transexzdh of the survey
blocks.Figure 3 shows the searching effort achieved under all conditions.

Tables 3 and 4 show the total number of sightings of groups afit® commonly detectedpecies on the
aerial survey and ship survey, respectivdfjgure4 showsthe distribution of sightings of the most commonly
detected species.



Table 1 Area and searching effort (@moderate or égoock conditions, used in analysis) for each aerial survey
block. Primary search effort data were used in analysis to estimate encounter rate and group size (see
equation 1). Trailing search effort occurred during cHzdek procedures and was used to estimB@&\W
including g(0)Block P1 is the same as ship bloqd @ble 2) Blocks SVG and TBR@ered parts oNorwegian
fiords Bognafjord(near Stavangeignd Trondheim FjordrespectivelyBlock SVG is included in the ICES North

Sea Assessment Ulftable 32)

Block Region Surface area (ki) Prgf?;iy(i;?mh Tgi!g:??fri;(:h
AA Iberian peninsula 12,015 588.9 5.4
AB Iberian peninsula 26,668 1,210.1 23.4
AC Iberian peninsula 35,180 1,393.1 13.0

B Celtic/lrish Seas 118,471 7,982.9 78.1
C Celtic/lrish Seas & North Se 81,297 2,834.2 37.9
D Celtic/lrish Seas 48,590 1,707.5 16.8
E Celtic/lrish Seas 34,870 2,252.7 22.5
F Celtic/lrish Seas 12,322 619.8 4.1
G West Scotland 15,122 958.0 12.9
H West Scotland 18,634 812.9 17.0
| WestScotland 13,979 636.5 16.3
J West Scotland 35,099 704.4 6.4
K West Scotland 32,505 2,146.7 17.3
L North Sea 31,404 1,949.3 20.0
M North Sea 56,469 1,749.9 57.3
N North Sea 69,386 2,264.9 56.8
@] North Sea 60,198 3,242.8 62.7
P North Sea 63,655 2,034.1 33.5
P1 North Sea 23,557 844.4 0.0
Q North Sea 49,746 1,856.5 75.0
R North Sea 64,464 2,178.7 40.5
S North Sea 40,383 1,370.9 15.1
T North Sea 65,417 2,259.1 24.0
U North Sea 60,046 1,741.8 15.3
\% North Sea 38,306 1,129.8 11.7
w Norway 49,778 931.0 3.7
X Norway 19,496 1,039.4 22.7
Y Norway 18,779 713.3 7.0
Z Norway 11,228 1,764.4 29.2

SVG Norway(North Sea) 714 152.3 0.0
TRD Norway 966 179.7 2.5

Total 1,208,744 51,568.3 748.0




Table 2 Area and searching effort for each ship survey block. For estimation of harbour porpoise abundance
(in blocks 1 and )2 search effort was limited to BeaufortD Forestimation of abundance faall other species
(in blocks 813), search efirt waslimited to Beaufort 84. Block 1 is the same as aerial block(Pable 1)

Block | Region Surface Search &ort Search &ort
area (knf) | Beaufort 04 (km) | Beaufort 02 (km)
1 Skagerrak/Kattegat 23,451 215.7
2 Kattegat & inner Danish waters 40,707 1,027.7
8 Atlantic- west of Scotland 159,669 2,084.7
9 Bay of Biscay 144,352 2,279.9
11 | Atlantic- west of Spain 68,759 981.0
12 | Atlantic- west of Spain / Bay of Bisca 111,115 1,629.7
13 Bay of Biscay 59,340 1,605.5

P Q

Figure3. Total search efforaichieved under all conditions in aerial (pink) and ship (blue) survey blocks.

=

10



Table3. Total number okightings of the most commontletectedspecieqor species grouping&om the
aerial survey recorded ilgooc and émoderatet sighting conditionsSghtings on trailing search effort were

recorded on circldackproceduresandwere used only to estimat&SW including g(0).

: Sghtingson primary | Sightings ontailin
Species ° segrch e?fort ! gsea?ch effort °
Harbour porpoise 1,602 67
Bottlenose dolphin 59 11
wAaazQa R2f LKAY 16 1
White-beaked dolphin 108 10
White-sided dolphin 7 1
Unid white-beaked omwhite-sided dolphin 11 0
Common dolphin 502 17
Striped dolphin 20 0
Unid ommon or striped dolphin 248 9
Unidentified dolphin 196 7
Pilot whale 79 0
Beaked whales (all species) 27 0
Minke whale 73 8

Table4. Number of sighting®f the most commonly detected species from the ship suibheybour porpoise
Beaubrt 0-2; all other specie®eaufort0-4). Tracker sightings and duplicates were used in mackpture
distance samplingnalysis onlyo estimate detection probability and to correct estimates of mean group size.

Duplicates shown arBefinite and Probable duplicateasused in analysis.

Species _Tot_al I?rim_ary Trac_ker Duplicates
sightings | sightings | sightings

Harbour porpoise 343 167 217 41

Bottlenose dolphin 27 15 18 6

w A a dobltira 5 4 3 2

White-sided dolphin 16 10 11 5

Unid white-beaked omwhite-sided dolphin 4 2 2 0

Commondolphin 106 82 52 28

Striped dolphin 104 56 69 21

Unidentified common or striped dolphin 126 44 96 14

Unidentified dolphin 53 17 37 1

Pilot whale 58 37 41 20

Beaked whales (all spie9 65 35 38

Sperm whale 40 16 25

Minke whale 9 7 3

Finwhale (blocks 8 & 9) 276 205 133 62

Fin whale (blocks 11, 12 & 13) 708 368 486 146
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(a) Harbour porpoise

(b) Bottlenose dolphin

LT

LT

N/hfﬁ\v

(d) Whitebeaked and
white-sided dolphins

Fasio

P

Figure4. Distribution of sightingased in analysis of the most commonly detected species. Underlying effort is
also that used in analysis: aerial survegpod and moderate conditions; ship survégeaufort 62 for harbour

porpoise, Beaufort @ for all other speciega) harbour porpoS T 6 6 U
(d) white-beaked(blue dot) and whitesided(red dot) dolphins. Continued on following pages.
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(e) Common dolphin (f) Striped dolphin

(g) Unid common or striped dolphit (h) Pilot whale

Figure4 (continued). Distribution of sightings used in analysis of the most commonly detected species.
Underlying effort is also that used in analysis: aerial surgeypd and moderate conditions; ship survey
Beaufort 4. (e) common dolphin; (Btriped dolphin; (g) unidentified common or striped dolphin; (h) pilot

whale.
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