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Introduction

Southernright whale SRW)(Eubalaena australis) from the EasterrSouthPacific(ESP) pre-
viouslyreferredto asthe Chile-Perupopulation(CPe)[1], moveseasonallfrom feedingareas
locatedin high-latitudesub-Antarcticwatersto breedingareadocatedin mid-latitude waters
[2]. Thisspeciesnainly inhabitscoastalvaters althoughtheymaytraveloffshoreduring their
migration[3]. The ESPpopulationwashuntedextensivelyn the 18thand 19thcenturieshby
AmericanandFrenchwhalingfleetsandin the 20thcenturyby Chileanwhalerd4]. Pastover-
exploitationandtheir coastatistribution haverenderedthemhighly vulnerableto anthropo-
genicimpactsresultingin their nearextinction.[5]. The ESPpopulationhasshown
significantlyreducedsignsof recoverycomparedo other SRWpopulationsin the Southern
Hemisphereij.e.,Argentina,SouthAfrica, Australia,andNewZealand6+9]. It is oneof two
IUCN-defined"CriticallyEndangeredwhalepopulationsworldwide,with fewerthan 50
matureindividualsestimated7,10]. The statusof SRWin the ESPwasassessduly the Interna-
tional Whaling Commission(IWC) ScientificCommittee reviewing79sightingscollected
betweern 975and2010in southernPeruand Chile,with recordsdocumentedetweenJune
andNovembel[5,8,11+15]Theknown distribution of the speciegxtenddrom Chorrillos,
Lima, centralPeru(12E11'S)southto the Gulf of PenassouthernChile (47E658'S)[13,14,16+
18]. Antofagastg23E39'S) northern Chile, hasbeendescribedasa potentialnurseryarea[5].
A recordof two 'like SRWsoff PuntaSal(03E59'S)lumbesjn northern Peruin earlyAugust
2005 supportedby low-resolutionphotographg14], stronglysuggestethatLimais not the
northern distribution boundaryfor ESPSRW.

Dueto this population'sstatusandthe urgentneedfor conservatiormeasuresa Conserva-
tion ManagemenPlan(CMP) for the ESPSRWwasdevelopedindendorsedy the Interna-
tional Whaling Commissionin 2012[19]. The Government®of Chileand Perusupportedthe
CMP dueto the lackof signsof populationrecovery The CMP aimsto guideandencourage
variousstakeholdergi.e.,governmentjndustry,coastacommunities whalewatchingopera-
tors,fishermen scientistsandinternationalpartners)to takestepgowardsthe recoveryof
this populationto levelshatwill allowit to withstandboth environmentalandanthropogenic
impacts ensuringits long-termsurvival[19,20].The CMP acknowledgethe needto generate
baselinedataon demographydistribution, stockstructure,andthreatsto designmitigation
strategiesAdvancesdavebeenreportedsinceits implementation,ncluding increasednoni-
toring effortsthrough passiveacousticandresponseo entangledvhalesphoto-identifica-
tion, andacitizensciencestrategy21]. Dueto the extensivalistribution rangeof this
populationin the SoutheasPacific,coordinatedeffortsthroughaninternationallyadopted
managemenframeworkis thewayforwardto supportthe populationrecovery.

We presentnew SRWrecordswith accompanyingphotographicevidencealongthe west
coastof SouthAmerica.A preliminary versionof this reportwaspresentedo the Scientific
Committeeof the InternationalWhaling Commission[22] andherewe expandupon,include
newrecordsandcontextualizehesefindings.

Materials and methods
Study area

Theinvestigatedreaincludesthe coastof Ecuador Peruand Chile,aregionstronglyinflu-
encedby the Humboldt Current Systenthat originatesaround45E $1 southernChileand
extends4,500km north towardthe centralcoastof Ecuador beforedivertingwestto join the
SouthEquatorialCurrent. This is oneof the mostproductivemarineecosystems the world
dueto the intenseupwellingof deep cold, nutrient-rich waters)eadingto increasegrimary
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productivity [23]. Important fisheriesareconductedn theregion,including for the Peruvian
anchovy(Engraulis ringens), PacificsardinegSardinops sagax), Humboldt squid (Dosidicus
gigas) anddifferentspecie®f tunaandsharksamongothers.In northern Chile,therich pri-
mary productivity favorsan abundancef red squatiobster(Pleuroncodes monodon) andkrill
(Euphausia mucronata) [24,25].Thelatterandanchovyarethe main preyfor severabf the 19
cetaceaspeciegnownto occurin theregion[5,26].

Data collection

The extremeow abundancef SRWsn the studyarearendersdedicatedsurveyeffortsfor
this speciesmpractical. Thus,all recordshavebeenobtainedopportunisticallyor aspart of
otherongoingprojectsor citizensciencaeports.In Chile, SRWsightingswerereportedby
fishermenandlocalinhabitantswith information typicallysharedhrough socialmediaplat-
formsaspart of acitizensciencenitiative. In the Antofagastarea SRWswveresightedduring
systematisurveydor cetaceanaspart of along-termmonitoring project[5,26,51]In north-
ern Peru,a SRWwassightedduring systematidoatsurveygor humpbackwhalesstudying
behavioratesponset whale-watchingoatsoff El Ruro (4E12'S31E9°W]27,28].In Ecua-
dor, sightingrecordsincludedphotographsindvideostakenby crewsof commercialwhale-
watchingvesselsperatingin the MachalillaNationalPark,wherelong-termresearctandciti-
zensciencerojectsstudyinghumpbackwhalegMegaptera novaeangliae) havebeencon-
ductedfor threedecadef?9+31].Researchemsonfirmedanddocumentedall sightings
throughvideosand photographsAdditionally, colleaguestudyingcetaceans the ESP
regionwereconsultedo inquire aboutpotentialmissedSRWrecords In the caseof the only
stranding,oneof the authors(C.C.)wasinformed by aparkrangerwhois amemberof the
EcuadorStrandingNetwork andattendedhe eventto taketissuesamplesmeasurementsnd
photographsldentificationasSRWwasbasedn descriptionsof their distinct morphological
charactersparticularlythe absencef adorsalfin, the prominentarchof the mouth, andthe
callositieon the sidesandheadof thewhale[4,6,32]. The strandingeventwasassistedia
emailby scientistdrom the IWC expertadvisorypanelon strandingsandother scientific
expertsThereexistsno public centraldatabasspecificallyfor SRWrecordsin the ESP;
instead jnformation wascollatedfrom variousinitiatives,including systematicetacearsur-
veyscitizenscienceeports.

In Peru,aerialimagerywascollectedusinga DJI Phantom4 Pro drone (DJI Innovation,
ShenzhenPRC)equippedwith agimbaledcamera1° CMOS,20M effectivepixels).A high-
qualityvideoof theindividualswasobtainedto identify the motherand calfasSRWbasedn
the presencef callositiesandto calculataheir bodylengthsrelativeto the known lengthof
theresearctvesseaccordingto methodologyby [33]. Photoidentification of SRWheadcallos-
itieswascollectedby drone.Potentialmatchesverecheckedor with the SRWphoto catalogue
for the ESPupdatedwith sightingsprovidedin this study([5].

Acousticrecordingsweremadewith an H2a-XLRomnidirectionalhydrophone(sensitivity
of 180dBV/uPa+4 dB,from 20Hz to 100kHz) and TascanDR-40taperecorder(WAYV files,
16-bit,44.1kHz). Thelocationof therecordingwasin awaterdepthof 20m andthe hydro-
phonewasdeployedlOm belowthe surfaceTherecordingperiodwasthe dayof observation
of the SRWpair swimmingnearbythe researclvesseindthe hydrophonewasdeployedcata
distanceof approximately50+80m from the mother-calfpair.

Acousticdatawererecordedcontinuouslyat48kHz andanalyzedn RavenPro2.0[34] as
spectrogramgHann Window) by anexperiencedio-acousticiar{SJB}o manuallyannotate
SRWcallsbasedn their frequencyandduration [sensu30]. Severcalltypeswerechecked
(upcall,down-call,down-upcall tonal constanttonal variable hybrid and pulsive)all below
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approximatel\600Hz [35]. For eachpotentialcall,the peakfrequencypeginningand endfre-
quencyandtheduration of the callweremeasuredisingthe SelectionTablefunction in
RaverPro 2.0.Averaggpeakfrequencypeginningandendfrequencyandduration (+ SD)
wereregisteredor comparisorto callsreportedby [35].

Environmental data

Whalerecordswerecorrelatedwith environmentalvariablesuchasdepthandthe Oceanic
Nifio Index (ONI). ONI isameasuref the EI Nino-SouthernOscillationstrengthdeveloped
by the NOAA Climatic PredictionCenter(https://www.cpc.ncep.noaa.goviaiucts/analysis_
monitoring/ensostuff/ONI_v5.ph) It is calculatedhsa 3-monthrunning averag®f SeaSur-
faceTemperaturgSST)anomalie{SSTA)in the Nifio 3.4region(120E:170EW5EN+5E Spf
the EquatorialPacificOcean(EPO).

Results
The records

Fromthe compileddata,wefound six newrecordsof SRWin 2022and 2023that havenot
beenpreviouslyreported,including five live sightingsand onestranding(Tablel). All sight-
ingsconsistef motherswith adependentalf.Mostrecordsweremadewithin Marine Pro-
tectedAreas(MPA), namelyMachalillaNationalParkand SanFrancisco-Galer#arine
Reservén EcuadorandLaRinconadaandLaPortadaMarine Reserves northern Chilein
August2022 Sincetourism andresearclactivitiesareboth concentratedvithin theseMPAs,
recordsarebiaseceffortstowardstheseregions Belowwe describehe sixnewSRWrecords
in somedetail.

Record #1

On 8 August2022,a SRWmother-calfpair wasobservedff El Ruro, Piura,northern Peru
(Tablel,Fig 1) (Beaufortseastate= 1;visibility >10km). Thewhalesvereswimmingcloseto
shorein anorthwarddirection. During a12-minutedroneflight, high-qualityvideoof the
individualswascaptured(Fig 2). Theimagesbtainedfacilitatedthe photo-identificationof
themother-calfpair. Thebodylengthsof the motherand calfwereestimatedo be12.2meters
(SD+ 0.7)and6.4metersrespectivelyA comparisorof the headcallositief both the mother
and calfwasconductedamongavailablgphoto-identificationcatalog®f the ESPpopulation
[5], andno matchesverefound.

Table 1. Chronologic summary of six new SRW records of the ESP population in 2022-2023, including 5 sightings of mother-calf pairs (# 1-5), and one stranding
of a calf (# 6). Two environmentalparameers(depthandONI Index,seetext) areincluded Warm andcold periodsbhasecn athresholdof +/- 0.5EGor the ONI.

Record Date Location/Country Position Depth® ONI®
(m)
1 8-Aug-22 El¥uro, LosOrganosPerd 4E12'S81EL1'W 100 -0.8
2 16-Aug-22 LaRinconadaAntofagastaChile 23E28'S,70E30'W 500 -0.9
3 31-Aug-22 Pisagualquique,Chile 19E34'S,70E12'W 1000 -1
4 11-Sept-22 Salangds.,PuertoLopez Manabi,Ecuador 1E35'S 80E53'W 2050 -1
5 21-Aug-23 Sucrels.,Machalilla,Manabi,Ecuador 1E28'S BOR47'W 10£20 1.3
6 28-Aug-23 TongorachiMuisne,Esmeraldasgcuador 0E40'N,80B5'W N/A 1.3

@ Depthdatafrom GEBCOttps://wwwgebco.net/dta_and_prducts/gridded bathymety_data/.
b ONI indexfrom: ClimatePredictionCenter- ONI (noaa.gov).

https://da.org/10.1371durnal.pon®312528.t001
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Fig 1. The study area and location of southern right whale observations. Mother-calfpairssightedoff 1) El Péuro,
northern Peru;2) the Antofagastareanorthern Chile,from 15to 18 August,20223) Pisagualquique Region,
northern Chile;4) Salangdsland,Ecuador5) Sucreslet,Machalila, Ecuadorand6) strandingof acalfin

Tongoradi, Esmeraldas)orthern EcuadorThedatausedto producethis mapwereall from public sourcesthe
nationalboundarywereobtainedfrom Natural Earth (http://www naturaleathdata.com.

https://cbi.org/10.1371djurnal.por.0312528.¢01
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Fig 2. Aerial image of a mother and calf SRW observed off El Nuro, Piura, northern Peru, on 8 August 2022.

https://da.org/10.137 1durnal.pon®312528.g0P

Acousticdatafrom the observednother-calfpair wererecordedat location4.19ES,
81.16EWor 12.5minutes,within 50+80m distancefrom thetargetanimals(Fig 3). Only nine
faint, possiblaight whaledown-callswereidentifiedin the spectrogran{FFT= 8192samples;
50%overlap;pageduration=40s)(Table2, Fig 3).

Record # 2

On 16 August2022 oneof theauthors(A.G.C.)surveyedhe RinconadaVarine Protected
Area,Antofagastaegion northern Chileandfound amother-calfpair (Tablel). A dronewas
flown for 20min to recordthe behaviorof the whalesand collectanidentificationimage(Fig
4). Thewhalesvereobservegwimmingslowlynearthe shoreandwerephoto-identifiedby
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Fig 3. Spectrogram of possible right whale down-calls off El Nuro, Piura: Highlighted in light blue (Hann window; FFT = 8192 samples; 50% overlap;
page duration = 40's).

https://dd.org/10.1371¢urnal.pon®312528.908
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Table 2. Frequency and duration characteristics of possible right whale down-calls, recorded off El Nuro, Piura, using metric tools in Raven Pro 2.0 and comparison

with calls reported by [35].
Sample size | Start frequency (Hz) (+ SD) | End frequency (Hz) (+ SD) | Peak frequency (Hz) (+ SD | Duration (s) (+ SD)
Possible downcalls [this study] 9 112+ 16.4 51.82+ 13 75.53t15.9 0.83+0.1
Downcalls [35] 184 163+ 66 100+ 57 128+ 61 0.6+0.2

https://da.org/10.1371durnal.pon®312528.t002

their headcallositiesDueto theturbidity of the seawateiit wasnot possibleo estimatethe
sizeof this pair (Fig 4). Theidentificationimagesverecomparedwith previouslycataloged
individualsfrom northern Chile [5] usingaerialimagesf the mother'sheadcallositiesand
no matcheswith otheranimalswerefound. Onedayearlier,alocalfishermanhadalso
reportedthe presencef a SRWmother-calfpair in that preciseareahoweverno evidences
availableo verify this report. Similarly,a mother-calfpair, presumablythe samendividuals,
werereportedin the following two daysat La PortadaNaturalReservdy locals some8 km
awayfrom the areawhererecord# 2 wasmade Howeverno imagerywasavailableo confirm
the species.

Record # 3

On 31August2022 the ChileanNavy(Direccién Generaldel Territorio Mar8imo y deMarina
Mercante Armadade Chile),during coastahavigationin Pisagualquique Regionnorthern
Chile,reporteda SRWmother-calfpair. Thewhalesvererecordedby dronewhile swimming
closeto the shore(Tablel, Fig 5). Theimageobtainedallowedthe photo-identificationof the
pair,andit wasdeterminedfrom the headcallositieghattheyweredifferentfrom thewhales
observedn Antofagastdetweeri5and18 August.

Fig 4. Aerial view of a mother-calf pair SRW observed in La Rinconada Marine Protected Area, Antofagasta Region, on 16 August 2022.

https://da.org/10.137 1durnal.pon®312528.g00
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Fig 5. Mother-calf pair SRW observed in Pisagua, Iquique Region, northern Chile, on 31 August 2022.
https://cbi.org/10.1371djurnal.por.0312528.906

Record #4

On 11 SeptembeR022,.a SRWmother-calfpair wasdocumenteceasiof Salangdsland,
MachalillaNationalPark,EcuadonTablel, Figsl and6, S1Video). Thesightinglasted40
minutesandwasmadeby four commercialwhale-watchingesselsiccordingto onecrew's
report,initially the SRWwasrestingatthe surfaceHoweverupontheapproachof thevessels,
thewhalesstartedzigzaggingnd headedffshorewith increasedspeedwhich wasinterpreted

Fig 6. Southern right whale mother and calf observed off Salango Island, Ecuador, on 11 September 2022.
Photogaphextractedrom the S1Video.

https://dbi.org/10.1371durnal.por.0312528.406
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Fig 7. Observation of a mother and calf southern right whale off Sucre Islet, Ecuador, on 21 August 2023.
Photogaphextractedrom the S2Video.

https://dbi.org/10.1371durnal.por.0312528.907

asanavoidanceaeaction.The calfswamcloseto the hind flanksof the mother. At onepoint,
the calflifted its headand pectoralfin out of thewater.The sizeof the adultwhalewasesti-
matedat 12+14m, gaugedelativeto the sizeof nearbyvessels.

Record # 5

On 21 August2023amother-calfpair wasdocumenteff Sucrelslet,MachalillaNational
Park,Ecuador(Tablel,Fig 1, S2Video). ThesightinglastedlOminutesandwasmadeby a
commercialWwhalewatchingtour, who observedhe whalesat a distanceof approximatelyl0
m. The crewreportedapproachinghewhaleupon noticingit lackedadorsalfin; the adult
whaledisplayeda patternof regularsurfacingwhile movingtowardsSucrelsletin awestward
direction. Asthe boatapproachedthe whalesncreasedheir breathingrate. Thelengthof the
adultwasroughlyestimatecdat 14 m whencomparedo the boat. The crew'sextensiveexperi-
encewith cetaceankndscredencdo thisinformation. Thisrecordis supportedby videosand
photographgFig 7 and S2Video).

Record # 6

On 28August2023 arecentlydecease@RWcalfstrandedon TongorachiBeachin Muisne,
within the SanFrancisco-Galeriarine ReserveRrovinceof Esmeraldas Ecuador(Tablel,
Fig1). Accordingto reportsfrom parkrangersandcommunity residentsthe calfwasalready
deceasewhenit strandedon the beach An externalexaminationandapartialnecropsywere
conductedon 30August2023,andshowedhatthe carcas$iadbegundecomposingwith the
bodyslightlybloatedand potentiallyaccumulatinggasednternally,and acarcassondition
betweer2 and3 (i.e.,2 = freshlydead;3 = initial decomposition)accordingto the criteria
definedby[36].

The curvedshapeof the animal'spositionon the beachpreventedanaccurataneasurement
of thetotal (standard)bodylength.The measurementakenalongthe centerof theanimal's
bodywas6.2m (Fig 8). Another measuremenpbtainedfrom adronephotographusinga
known person'sheight(1.60m) for scaleshoweda straightdistancebetweerthe median
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SRS

Fig 8. Measuringhe strandedight whalespecimeralongthe body'scenter(left) andthe aerialphotogragh usedto estimatethe straigh measureail notch-
lowertip jaw (right).

https://da.org/10.1371¢urnal.pon®312528.g08

notchof thefluke (tail) andthetip of theupperjawof 5.4m (Fig 8). Thus,weestimatehatthe
animal'stotal lengthwasapproximatelys.8m accordingto [6,37],the bodysizeof the SRW
calfatbirth variesfrom 4.5m to 6 m, i.e.on averag&.25m. During the next3x4months,the
calfgrowsin lengthatan averageateof 2.8cm/day[6]. Consideringthe estimatedody
lengthof 5.8m of the strandedspecimenthe mostlikely postpartumtime is then estimatecht
20dayswith aminimum of zero(neonate)andamaximumof 46 days.

The calfwasdark-coloredand displayecan asymmetricaanddistinctivewhite pigmenta-
tion patchon its abdomen38]. Themouthis prominently archedandbegaratthe cornerof
the eye Thebaleerhasrudimentary,soft,pinkish-whitebaleerplatesemergingfrom the
upperjaw (Figs8 and9). Twelveslightcreasesn theleft sidebetweerthe eyeandthe blow-
hole.Severprominent callositiesvereevidenton eithersideof its lowerjaw, with the bonnet
formedby threecallositieson thetop of the head;additionally,a callositywaspresenion the
lowerjaw (Fig 9). Theumbilicuswasin the proces®f healing. The peniswasred, measuring
35cm, andwasfully extendedrom the genitalslit (Fig 10). The genitalslit waselongatedorig-
inating from theumbilicus.Towardsits distalend,the slit deepenedexhibitingtwo prominent
foldson the sidesandacentrallineal protrusion (Fig 10). The specimerhadtiny barnacle®n
thetail, peduncleand pectoralfins; no parasitesvereobserved.

The externalexaminationrevealegarallellinear marksand cutson thetail peduncleand
fluke,suggestivef interactionswith fishinggear.A 1 cm deepholeof unknown origin was
observedn the upperright body. Therewasalacerationon the pectoralffin that could have
occurredpost-mortem.Sample®f skin, blubber cirripeds,andbaleenverecollectedor fur-
ther analysisThe causeof the strandingremainedundetermined put entanglemenin fishing
netswassuspected?arkrangersreportedfinding remnantsof fishing netsnearby.
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Fig 9. Left side of the head of the southern right whale calf stranded in Tongorachi, Ecuador, on 28 August 2023. Characteristssuchasastronglyarched
jawline,severcallosities on the lowerjaw,andanotherthreecallositieon the maxillary,aswell aslinearwrinkle-like markson top of andbehindthe blowhole,
canbenoted.

https://da.org/10.1371durnal.pon®312528.g09

Discussion

All recordsfrom EcuadorPeruand Chile,presentecherein,wereauthenticatedvith (S1land
S2Videos)andphotographsTheydemonstratexternalcharacteristicglistinctivefor SRW,
including averystockybody,absencef adorsalfin, astronglyarchedjawlineand prominent
callositieon thehead[6,32,39] Thecalfstrandedrevealedrregularwhite patchedistributed
overthe posteriorabdomen Similarwhite markingshavebeenobservedn SRWindividuals
from SouthGeorgiaand SouthAfrica [40], andarelesscommonin northern relativeqd39].
Our recordsexpandthe known northern distribution rangeof the SRWpopulationin the
ESPsomel,500km from centralPeruinto northern Ecuador.Thestrandingat Esmeraldas,
Ecuadorjs alsothefirst authenticatedSRWrecordnorth of the equatorandthe world'snorth-
ernmostrecordof this speciesCurrentscould havesomewhatransportedthe carcass$o the
strandingsite.However givenits freshcondition andthe speciesverynearshoradistribution,
it is safeto presumehatthe calfandits motherweremovingin the nearvicinity of the strand-
ing areaPrecedinghe abovefindings,both northernmostconfirmedrecordsof SRW
mother-calfpairsweredocumentedff metropolitanLima, Peru;oneon 21 August2012 at
Chorrillos (12E10'S))L 7] andan earlieroneon 30 July2005at Pucusang12E29'9)14]. The
presencef calvesamongall the newlyrecordedsightingsofferssomeoptimismfor the
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Fig 10. Ventral area of the southern right whale calf stranded in Tongorachi, Ecuador: Note asymmetrical white patches on the belly, umbilicus, genital
slit with externally protruded penis, and lateral folds at the end of the genital slit.

https://de.org/10.13714urnal.pon®312528.g0Q

Critically Endangered SPpopulation,assuccessfuleproductionstandds apromisingindica-
tor of populationrecoveryHowever the calffound strandeddeadin Tongorachi(Ecuador)
highlightsthe ongoingthreatsto this population,suchasinteractionswith fishingnets
[19,20,38]Thisincidentunderscoreshe needto continueandenhancemonitoring and
researcleffortsto betterunderstandand mitigatethe risksfacingthis population.

Threepreviousnon-authenticatedeportsdescribethe possiblearlierpresencef SRWin
Ecuadorianwvaters.Theoldestclaimis by Christenser41], who notedin 1926%that right
whalesoccasionallyisit the coastof Ecuadorwheretheyapproachthe sandbanksén winter®.
Christenserwasfamiliar with the areaand conductednine expeditiongo the Southeast
Pacific,startingin 1926and continuing overthe nexttenyearsgexploringnewhunting
groundsandattemptingto establislcompaniesandfactoriesfor whalingand pearlharvesting
betweerEcuador Peruand Chile [42]. Anotherreportwasmadeby RobertClarkein 1965[4],
who suggestetiSRWin somecasesakeadvantag®f the cold watersof Californiaandthe
Humboldt Currentto moveinto verylow latitudesin theregionof Ecuador"Thethird report
is aprobablesighting(supportedby alow-resolutionphotograph)of two SRWoff PuntaSal,
Tumbesjn 2005[14,43]but the speciesdentification could not befully confirmed.With the
addition of thesehistoricalreportsand multiple newauthenticatedcuadoriarrecordswe
suggesthatthis populationbe henceforthreferredto by the nameEasternSouthPacific(ESP)
population,ratherthanthe Chile-Peru(CPe)population.

PLOS ONE | https://doi.org/10.1371/journal.pone.0312528 November 11, 2024 12/20


https://doi.org/10.1371/journal.pone.0312528.g010
https://doi.org/10.1371/journal.pone.0312528

PLOS ONE

New northernmost records of the Eastern South Pacific right whale (Eubalaena australis) in Ecuador and Peru

Oceanographiconditionsmayplaya pivotalrole in shapingthe migratory patternsof ESP
right whalesnotablyin their extendedoresencéowardsnorthern regions.The Southeast
Pacificregionexperienceacyclicalinfluencefrom the EI Nino SouthernOscillation(ENSO)
phenomenoncharacterizedby its warm phasdEl Nifio) andcold phasgLaNina) [44]. Dur-
ing the extremeEl Nino eventof 1982/1983[45] noteda 65%declinein the abundancef blue
(Balaenoptera musculus), fin (B. physalus), Bryde's(B. edeni), humpback andspermwhales
(Physeter macrocephalus) in northern Perudueto decreasegrimary productivity, while their
numbersroseby 1.1%to 13%southof SESConverselyanabnormalincreaseén humpback
whalecatche®ff the centralcoasiof Peruduring the 1925/26seasonwasattributedto El Nifio
by [46], thoughwithout evidenceof causalityNonethelesghe unusuallyhigh numbersof
nearshorgnorthbound) migratinghumpbackwhalesn centralPeruduring the 2023EI Nifio
[47]is consistenwith Clarke'shypothesiandseemdo confirm an El Nino relatedeffect,
albeitfor anunknown ecologicateason.

During LaNifia phasesSRWwould venturefurther north perhapsriven by astronger
flow of the cold Humboldt Current[23]. Although specificdataon whalerangeexpansiorin
coldyearswithin the ESParelacking,correlationshavebeendrawnbetweerthe presencef
southernelephantseal{Mirounga leonina) in Ecuadorand Panamawith LaNifa years
[48,49]aslowerseasurfaceaemperaturesesembldhe sealshormal habitatin cold austral
watersLaNina mayalsoinfluencefood availabilityin SRWsub-Antarcticfeedingareas,
althoughspecificdataarelacking.Antarcticice coverandkrill densityaresusceptibléo tem-
peraturechangesndaffectpreyavailabilityfor krill predatorssuchaswhaleqd50]. Therepro-
ductivesuccessf Southwesterrtlantic right whalesoff Brazilis attributedto aninverse
correlationbetweerincrease krill densityon the feedinggroundsin SouthGeorgiaandthe
OceanicEl Nino Index (ONI) [51]. Therecentreportsof SRWmotherswith calvesn Ecuador
in 2022and 2023would alignwith this pattern,but it couldalsobespurious(seebelow).Nota-
bly, betweer2020and March 2023 the ONI Indexremainedconsistentlynegativecharacter-
istic of the LaNina event,until seasurfacgemperaturesuddenlyincreasedn the+1 and
+4.5EGn July2023 particularlyoff Ecuadorand Peru[52)].

Potential range expansion

Thefirst SRWrecordin Ecuadorin 2022coincidedwith LaNifa event[22], but subsequent
recordsjncluding the strandedcalf,occurredduring EI Nifio. The calflikely strandedshortly
afterbirth, soit islikely thatthe mother-calfpair truly hadreachedhe equatorialatersoff
the Esmeralda®rovince While there'stypicallyanine-monthlagin the responsef right and
humpbackwhalego increasedrill densityin feedinggrounds[51,53],thetemperatureose
in the SoutheasPacificin February2023[54], precedinghe whalesmigrationto the breeding
grounds.If the seasurfaceemperaturevasadecisiveactorin SRWdistribution, thewhales
might haveavoidedmigrating sofar north in 2023 similar to otherbaleenvhalespeciesiur-
ing the EINino of 1982asreportedby [45]. Thelackof distributional changeamongSRWdur-
ing EINifio eventsalignswith findingsfor humpbackwhalesn Ecuadorduring the El Nifio
1997+1998:5], asboth specieslo not typicallyfeedin tropical regions.Decreasegroductiv-
ity impactswhalespecie$eedingin lowerlatitudes suchasBryde's plue,andspermwhales
[45]. It couldbesuggestethatthe North Pacificright whaleEubalaena japonica (Lacépéde,
1818)might beresponsibldor someof the Ecuadoriarrecords howevetthis is exceedingly
unlikely. Potentialwinter breedinggroundsof Eubalaena japonica arethoughtto belocatedin
latitudes20E-30ENAN exceptiona(probablyextralimital) recordwasregisterecff BajaCali-
fornia, Mexico,in Februaryl996[39], astraight-linedistanceof 4,100km from northern
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Ecuador.Thereareno right whalerecordsfor CentralAmerica.Moreover the southernmost
presencef E. japonica would imply a6-month migratory phasedifferencewith the SRW.

Theapparenexpansiorof SRWdistribution northward maybemore plausiblylinked to
populationrecovery akin to the expectedesurgencef the SouthAtlantic right whalepopula-
tion towardsnorthern Brazil[51]. Increasedesearcteffortsin the regionwill beimportant
for abetterunderstandingof the temporalvariationin rangeanddistribution of this popula-
tion. Significantgenetiadifferencedavebeenidentifiedamongwhalepopulationsin Brazil
andChile-Perusuggestingmore complexpopulationstructure[56]. Newgeneticandsatel-
lite taggingevidencedemonstratehat SoutheasAtlantic right whalesnayfrequentthe South-
eastPacificeitherbecausef populationexpansioror recolonization57]. Thus,it is not
discardedhat someof our recordsin the SoutheasPacificcorrespondo SouthwesAtlantic
right whaleq57].

Consideringthe broaderecologicatontext,researcherbaveconsidereda potentialinflu-
enceof climatechangeon the observedangeexpansiorof SRWsn the SWAtlantic [51].
Alterationsin oceantemperaturegnd currentsmight befacilitatingthesewhalesmovement
into previousiylessrequentedegionsor wheretheywereextirpatedby whaling[51,56].How-
everthethreeearlierreports,sincel926 ,0f SRWoccurringin ESPtropicalwaterq4,41,43],
offeranalternativehypothesisi.e.that SRWmayalwayshavevisitednorthern Peruand Ecua-
dor, perhapsn low numbers but werenot detectecdueto minimal historicalsightingefforts
andmisidentificationwith sympatrichumpbackwhalesUnderstandinghe dynamicinterplay
betweertlimatevariationsand potentialrangeexpansions crucialin elucidatingthe ecologi-
calresponsesf SRWto environmentakhifts.To gaindeepelinsightsinto thedistribution
and potentialshiftsof this population,ongoingcetaceamonitoring in continentalEcuador
andnorthern Peru,particularlyduring ENSOeventsjs essential.

Acoustics

In the observatiorof northern Peru(Record#1, Tablel), the paucityof callsin the acoustic
recording,despiteproximity to the whalesijsin line with whatis known aboutright whale
mother-calfpairs,i.e., acoustiacrypsis58,59].This behaviorconsistof mother-calfpairs
beinglargelysilent,displayinglow callrates producinglow-amplitudecalls,or selecting
acousticallysolatedhabitats to avoid predatoreavesdroppinglhe down-callshadlowerfre-
guenciesaandlongerdurationsthanthosereportedby [35] (Table2). However thevaluesve
reportedherearebasedn asignificantlysmallersampleandarestill within similarranges,
giventhat[35] reportedlargestandarddeviationsfor frequencyandduration characteristics.
Thepresencef humpbackwhaledn the studyareaalongwith the detectionof asingle
sequencef humpbackwhalesongin the analyzedacousticdata,meanghat we cannotconfi-
dentlyrule out the possibilityof that similar SRWCcallsarebeingmistakenfor ahumpback
whalelocatedfurther away Most humpbackwhalesongsexceed00Hz andtypicallydo not
resembleSRWecalls(Fig 4); however somesoundscanoccurbelowl00Hz [60]. Thisis why
wehaveclassifiedheseas'possibleSRWmother-calfdown-calls.

Conservation implications

Thenewrecordsobtainedof SRWarehighly significant;howevertheir habitat,beingsoclose
to the coastspatiallycoincideswith anthropogeni@ctivitiesincluding vessetraffic, fishing,
unsustainabléourism,and marine pollution, all of which areconsideredotentiallysignifi-
cantthreatsto the studypopulation[61+64].Marine traffic in both northernandsouthern
Chileareags experiencingntensegrowth dueto expandingmining activitiesandmaritime
transportthroughthe Straitof Magellan61]. MejillonesPort (located40km from La
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RinconadaMarine ReserveChile) haspreviouslybeenidentified asa high-risk collisionzone
for humpbackandsouthernright whaleqd61,62].Severalessetollisionsincidentshave
alreadybeendocumentedn southernChile[20]. A near-collisionwith a purse-seindishing
vesselvasobservedearthe Lima coasf14]. Southernright whalepopulationsoff South
Africa andthe easterrcoastof SouthAmerica(Brazil, Uruguay,and Argentina)suffersignifi-
cantmortality dueto vessetollisions[65]. At leastfour baleenwhalespeciesndspermwhales
areimpactedby thesecollisionsin the EasterrPacific[66]. Therefore conservatiorefforts
shouldfocuson alertingvessel$o the presencef whalesandimplementingvessetraffic man-
agemenimeasurege.g. real-timewhalemonitoring, speedestrictions,adaptationof shipping
lanes)in areasvheresouthernright whalesconcentrate.

Accordingto [67],in PuertoLépez,the main whale-watchingport in Ecuador,77,625visi-
torscameto observehumpbackwhalesn the marineareaof MachalillaNational Park(MNP)
betweenJuneand Septembe019.SRWincluding mother-calfpairs,havebeenobservedav-
igatingthis areafor two consecutivgearssuggestingheymaybere-establishingheir pres-
encejncreasingheir population,or movingto otherareasRegardlessf thereasorfor these
sightingsthe high volumeof tourism andvesselg;oupledwith minimally enforcedregula-
tions, could posesignificantproblemsfor the population.Giventhat theseobservation®ccur
within aprotectedareathereis anopportunity to strengtherregulationgor whale-watching
vesself this MNP to preventdisturbanceandharassmenof Critically Endangere SRW,
especiallynother-calfpairs.Continuousmonitoring measuregandtraining programsarecru-
cialto promotesustainablecotourismpracticesand environmentalawarenesamongvisitors.
Furthermore internationalcooperationin managingmigratoryroutesandrestoringmarine
habitatsis essentiafor the long-termconservatiorof thesevulnerablemigratory species.

Thereis strongevidenceof entanglementeadingto mortality in ESPSRW Historical
strandingrecordsdatingbackto 1986[68], alongwith morerecentcasesn 2017and2023
[38,69]in Chile,underscorehisissueThestrandingeventin Ecuadorfurther emphasizethe
severityof the situation.Entanglemenhasbeenidentified asa significantconcernin the Con-
servationManagemenPlan(CMP) [70], andthe IWC ScientificCommitteehasexpressed
seriousconcernsaboutanthropogenianortality eventgelatedto entanglement.

Humpbackwhalesserveasavaluableproxy for understandinghethreatsfacedoy SRW.
Betweer2001and2016in Ecuador,18 humpbackwhalesverestrandedwith directevidence
of entanglemenin fishinggear,accountingfor 31%of cetaceastrandingsn the country[71].
This confirmsthatinteractionwith fishing netsis amajor threatto cetaceanm Ecuadorian
coastalvaters Suchinteractionscould alsoimpact SRW giventheir sympatrywith humpback
whalegduring the sameseasolfi72]. Seasonand specificmodificationsto fishinggearalong
the coastlineshouldbeimplementedo reducetherisk of entanglementAdditionally, expand-
ing or establishingnarine protectedarea®r corridorsis essentialo safeguardasritical habitats
of SRWin Chile,Peru,and Ecuador Promotingsafefishingtechnologieshrough education
andtraining is alsocrucial.Regulamonitoring andreporting of entanglemenincidentsand
sightingsby stakeholderarefundamentato enhancainderstandingand effectivenessf these
measureandlong-termconservatioreffortsfor this population.

Conclusion

Our studysignificantlyextendghe known rangeof the SouthernRight Whale(SRW)in the
EasternSouthPacific(ESP)populationby approximatelyl,500km northwardsto Ecuadorian
watersTheauthenticatedtrandingin Esmeraldaszcuadomarksboththefirst confirmed
SRWrecordnorth of the equatorandthe specieshorthernmostglobalsighting.Additionally,
Ecuadoris now part of the distribution of this speciesvith threeconsecutiveecordsthe last
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two yearsiwo sightingsandonestranding.Thereforejt is suggestethatthe sub-population
shouldberecognizedsthe EasterrSouthPacificsouthernright whale(ESPSRW).While La
Nifia conditionsmaybedriving this changetherecentnorthward sightingscouldalsoindicate
apositiveresponseo ongoingpopulationrecoveryefforts.However the conservatioroutlook
remainschallengingdueto anthropogenichreatssuchasvessestrikes entanglemenin fish-
ing gear,andunsustainabléourism, all posingseriousisksto this Critically Endangeregbop-
ulation. Effectivemanagemenstrategiesncreasednonitoring, andcontinuedresearchare
essentialo mitigatethesehreatsand supportthe conservatiorof the ESPSRWpopulationin
their expandedange.

Supporting information

S$1 Video. Southern right whale mother and calf observed off Salango Island, Ecuador.
Notethearchedshapeof the mouthline.
(MP4)

$2 Video. Southern right whale mother and calf observed off Sucre Islet, Ecuador. Notethe
absencef adorsalfin andthe presencef callositieoon the headin theadultanimal.
(MP4)
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