


Introduction
Southernright whales(SRW)(Eubalaena australis) from theEasternSouthPacific(ESP),pre-
viouslyreferredto astheChile-Perupopulation(CPe)[1], moveseasonallyfrom feedingareas
locatedin high-latitudesub-Antarcticwatersto breedingareaslocatedin mid-latitudewaters
[2]. Thisspeciesmainly inhabitscoastalwaters,althoughtheymaytraveloffshoreduring their
migration[3]. TheESPpopulationwashuntedextensivelyin the18thand19thcenturiesby
AmericanandFrenchwhalingfleetsandin the20thcenturybyChileanwhalers[4]. Pastover-
exploitationandtheir coastaldistribution haverenderedthemhighlyvulnerableto anthropo-
genicimpacts,resultingin their nearextinction.[5]. TheESPpopulationhasshown
significantlyreducedsignsof recoverycomparedto otherSRWpopulationsin theSouthern
Hemisphere,i.e.,Argentina,SouthAfrica,Australia,andNewZealand[6±9].It isoneof two
IUCN-defined`CriticallyEndangered'whalepopulationsworldwide,with fewerthan50
matureindividualsestimated[7,10].Thestatusof SRWin theESPwasassessedby theInterna-
tional WhalingCommission(IWC) ScientificCommittee,reviewing79sightingscollected
between1975and2010in southernPeruandChile,with recordsdocumentedbetweenJune
andNovember[5,8,11±15].Theknowndistribution of thespeciesextendsfrom Chorrillos,
Lima,centralPeru(12Ê11'S)southto theGulf of Penas,southernChile(47Ê58'S)[13,14,16±
18].Antofagasta(23Ê39'S),northernChile,hasbeendescribedasapotentialnurseryarea[5].
A recordof two `likeSRWs'off PuntaSal(03Ê59'S),Tumbes,in northernPeruin earlyAugust
2005,supportedby low-resolutionphotographs[14], stronglysuggestedthatLima isnot the
northerndistribution boundaryfor ESPSRW.

Dueto thispopulation'sstatusandtheurgentneedfor conservationmeasures,aConserva-
tion ManagementPlan(CMP) for theESPSRWwasdevelopedandendorsedby theInterna-
tional WhalingCommissionin 2012[19]. TheGovernmentsof ChileandPerusupportedthe
CMPdueto thelackof signsof populationrecovery.TheCMPaimsto guideandencourage
variousstakeholders(i.e.,government,industry,coastalcommunities,whalewatchingopera-
tors,fishermen,scientists,andinternationalpartners)to takestepstowardstherecoveryof
thispopulationto levelsthatwill allowit to withstandbothenvironmentalandanthropogenic
impacts,ensuringits long-termsurvival[19,20].TheCMPacknowledgestheneedto generate
baselinedataon demography,distribution,stockstructure,andthreatsto designmitigation
strategies.Advanceshavebeenreportedsinceits implementation,including increasedmoni-
toring effortsthroughpassiveacousticsandresponseto entangledwhales,photo-identifica-
tion, andacitizensciencestrategy[21]. Dueto theextensivedistribution rangeof this
populationin theSoutheastPacific,coordinatedeffortsthroughaninternationallyadopted
managementframeworkis thewayforwardto supportthepopulationrecovery.

WepresentnewSRWrecordswith accompanyingphotographicevidencealongthewest
coastof SouthAmerica.A preliminaryversionof this reportwaspresentedto theScientific
Committeeof theInternationalWhalingCommission[22] andhereweexpandupon,include
newrecordsandcontextualizethesefindings.

Materials and methods

Study area

Theinvestigatedareaincludesthecoastsof Ecuador,PeruandChile,aregionstronglyinflu-
encedby theHumboldt CurrentSystemthatoriginatesaround45ÊSin southernChileand
extends4,500km north towardthecentralcoastof Ecuador,beforedivertingwestto join the
SouthEquatorialCurrent.This isoneof themostproductivemarineecosystemsin theworld
dueto theintenseupwellingof deep,cold,nutrient-rich waters,leadingto increasedprimary
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productivity [23]. Important fisheriesareconductedin theregion,including for thePeruvian
anchovy(Engraulis ringens), Pacificsardines(Sardinops sagax), Humboldt squid(Dosidicus
gigas) anddifferentspeciesof tunaandsharks,amongothers.In northernChile,therich pri-
maryproductivity favorsanabundanceof redsquatlobster(Pleuroncodes monodon) andkrill
(Euphausia mucronata) [24,25].Thelatterandanchovyarethemainpreyfor severalof the19
cetaceanspeciesknownto occurin theregion[5,26].

Data collection

Theextremelow abundanceof SRWsin thestudyarearendersdedicatedsurveyeffortsfor
thisspeciesimpractical.Thus,all recordshavebeenobtainedopportunisticallyor aspartof
otherongoingprojectsor citizensciencereports.In Chile,SRWsightingswerereportedby
fishermenandlocalinhabitants,with information typicallysharedthroughsocialmediaplat-
formsaspartof acitizenscienceinitiative. In theAntofagastaarea,SRWsweresightedduring
systematicsurveysfor cetaceansaspartof along-termmonitoring project[5,26,51].In north-
ernPeru,aSRWwassightedduring systematicboatsurveysfor humpbackwhales,studying
behavioralresponsesto whale-watchingboatsoff El NÄuro (4Ê12'S;81Ê9`W)[27,28].In Ecua-
dor, sightingrecordsincludedphotographsandvideostakenbycrewsof commercialwhale-
watchingvesselsoperatingin theMachalillaNationalPark,wherelong-termresearchandciti-
zenscienceprojectsstudyinghumpbackwhales(Megaptera novaeangliae) havebeencon-
ductedfor threedecades[29±31].Researchersconfirmedanddocumentedall sightings
throughvideosandphotographs.Additionally,colleaguesstudyingcetaceansin theESP
regionwereconsultedto inquire aboutpotentialmissedSRWrecords.In thecaseof theonly
stranding,oneof theauthors(C.C.)wasinformedbyaparkrangerwhoisamemberof the
EcuadorStrandingNetworkandattendedtheeventto taketissuesamples,measurements,and
photographs.IdentificationasSRWwasbasedon descriptionsof their distinctmorphological
characters,particularlytheabsenceof adorsalfin, theprominentarchof themouth,andthe
callositieson thesidesandheadof thewhale[4,6,32].Thestrandingeventwasassistedvia
emailbyscientistsfrom theIWC expertadvisorypanelon strandingsandotherscientific
experts.Thereexistsno publiccentraldatabasespecificallyfor SRWrecordsin theESP;
instead,information wascollatedfrom variousinitiatives,includingsystematiccetaceansur-
veys,citizensciencereports.

In Peru,aerialimagerywascollectedusingaDJIPhantom4 Prodrone(DJI Innovation,
Shenzhen,PRC)equippedwith agimbaledcamera(1º CMOS,20M effectivepixels).A high-
qualityvideoof theindividualswasobtainedto identify themotherandcalfasSRWbasedon
thepresenceof callositiesandto calculatetheir bodylengthsrelativeto theknown lengthof
theresearchvesselaccordingto methodologyby [33]. Photoidentificationof SRWheadcallos-
itieswascollectedbydrone.Potentialmatcheswerecheckedfor with theSRWphotocatalogue
for theESP,updatedwith sightingsprovidedin thisstudy[5].

Acousticrecordingsweremadewith anH2a-XLRomnidirectionalhydrophone(sensitivity
of 180dBV/uPa+4 dB,from 20Hz to 100kHz) andTascamDR-40taperecorder(WAV files,
16-bit,44.1kHz). Thelocationof therecordingwasin awaterdepthof 20m andthehydro-
phonewasdeployed10m belowthesurface.Therecordingperiodwasthedayof observation
of theSRWpair swimmingnearbytheresearchvesselandthehydrophonewasdeployedata
distanceof approximately50±80m from themother-calfpair.

Acousticdatawererecordedcontinuouslyat48kHz andanalyzedin RavenPro2.0[34] as
spectrograms(Hann Window) byanexperiencedbio-acoustician(SJB)to manuallyannotate
SRWcallsbasedon their frequencyandduration [sensu30].Sevencalltypeswerechecked
(upcall,down-call,down-upcall,tonalconstant,tonalvariable,hybrid andpulsive),all below
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approximately500Hz [35]. Foreachpotentialcall,thepeakfrequency,beginningandendfre-
quency,andthedurationof thecallweremeasuredusingtheSelectionTablefunction in
RavenPro2.0.Averagepeakfrequency,beginningandendfrequency,andduration(± SD)
wereregisteredfor comparisonto callsreportedby [35].

Environmental data

Whalerecordswerecorrelatedwith environmentalvariablessuchasdepthandtheOceanic
Niño Index(ONI). ONI isameasureof theEl Niño-SouthernOscillationstrengthdeveloped
by theNOAA ClimaticPredictionCenter(https://www.cpc.ncep.noaa.gov/products/analysis_
monitoring/ensostuff/ONI_v5.php). It is calculatedasa3-monthrunning averageof SeaSur-
faceTemperature(SST)anomalies(SSTA)in theNiño 3.4region(120Ê±170ÊW,5ÊN±5ÊS)of
theEquatorialPacificOcean(EPO).

Results

The records

Fromthecompileddata,wefoundsixnewrecordsof SRWin 2022and2023thathavenot
beenpreviouslyreported,including five livesightingsandonestranding(Table1).All sight-
ingsconsistedof motherswith adependentcalf.Most recordsweremadewithin MarinePro-
tectedAreas(MPA), namelyMachalillaNationalParkandSanFrancisco-GaleraMarine
Reservein Ecuador,andLaRinconadaandLaPortadaMarineReservesin northernChilein
August2022.Sincetourismandresearchactivitiesarebothconcentratedwithin theseMPAs,
recordsarebiasedeffortstowardstheseregions.BelowwedescribethesixnewSRWrecords
in somedetail.

Record # 1

On 8 August2022,aSRWmother-calfpair wasobservedoff El NÄuro,Piura,northernPeru
(Table1,Fig1) (Beaufortseastate= 1;visibility>10km). Thewhaleswereswimmingcloseto
shorein anorthwarddirection.During a12-minutedroneflight, high-qualityvideoof the
individualswascaptured(Fig2).Theimagesobtainedfacilitatedthephoto-identificationof
themother-calfpair.Thebodylengthsof themotherandcalfwereestimatedto be12.2meters
(SD± 0.7)and6.4meters,respectively.A comparisonof theheadcallositiesof both themother
andcalfwasconductedamongavailablephoto-identificationcatalogsof theESPpopulation
[5], andno matcheswerefound.

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). Twoenvironmentalparameters(depthandONI Index,seetext)areincluded. Warm andcoldperiodsbasedon athresholdof +/- 0.5ÊCfor theONI.

Record Date Location/Country Position Deptha

(m)

ONIb

1 8-Aug-22 El NÄuro, LosOrganos,PeruÂ 4Ê12'S,81Ê11'W 100 -0.8

2 16-Aug-22 LaRinconada,Antofagasta, Chile 23Ê28'S,70Ê30'W 500 -0.9

3 31-Aug-22 Pisagua,Iquique,Chile 19Ê34'S,70Ê12'W 1000 -1

4 11-Sept-22 SalangoIs.,PuertoLopez,Manabi,Ecuador 1Ê35'S,80Ê53'W 20±50 -1

5 21-Aug-23 SucreIs.,Machalilla,Manabi,Ecuador 1Ê28'S,80Ê47'W 10±20 1.3

6 28-Aug-23 Tongorachi,Muisne,Esmeraldas,Ecuador 0Ê40'N,80Ê5'W N/A 1.3

a Depthdatafrom GEBCO:https://www.gebco.net/data_and_products/gridded_bathymetry_data/.
b ONI indexfrom: ClimatePredictionCenter- ONI (noaa.gov).

https://doi.org/10.1371/journal.pone.0312528.t001
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Fig 1. The study area and location of southern right whale observations. Mother-calfpairssightedoff 1) El NÄuro,
northernPeru;2) theAntofagastaarea,northernChile,from 15to 18August,2022;3) Pisagua,IquiqueRegion,
northernChile;4) SalangoIsland,Ecuador;5) SucreIslet,Machalilla,Ecuador;and6) strandingof acalfin
Tongorachi, Esmeraldas,northernEcuador.Thedatausedto producethismapwereall from publicsources,the
nationalboundarywereobtainedfrom NaturalEarth(http://www.naturalearthdata.com.

https://doi.org/10.1371/journal.pone.0312528.g001
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Acousticdatafrom theobservedmother-calfpair wererecordedat location4.19ÊS,
81.16ÊWfor 12.5minutes,within 50±80m distancefrom thetargetanimals(Fig3).Only nine
faint,possibleright whaledown-callswereidentifiedin thespectrogram(FFT= 8192samples;
50%overlap;pageduration= 40s)(Table2,Fig3).

Record # 2

On 16August2022,oneof theauthors(A.G.C.)surveyedtheRinconadaMarineProtected
Area,AntofagastaRegion,northernChileandfoundamother-calfpair (Table1).A dronewas
flown for 10min to recordthebehaviorof thewhalesandcollectanidentificationimage(Fig
4).Thewhaleswereobservedswimmingslowlyneartheshoreandwerephoto-identifiedby

Fig 2. Aerial image of a mother and calf SRW observed off El Ñuro, Piura, northern Peru, on 8 August 2022.

https://doi.org/10.1371/journal.pone.0312528.g002

Fig 3. Spectrogram of possible right whale down-calls off El Ñuro, Piura: Highlighted in light blue (Hann window; FFT = 8192 samples; 50% overlap;

page duration = 40 s).

https://doi.org/10.1371/journal.pone.0312528.g003
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their headcallosities.Dueto theturbidity of theseawater,it wasnot possibleto estimatethe
sizeof thispair (Fig4).Theidentificationimageswerecomparedwith previouslycataloged
individualsfrom northernChile[5] usingaerialimagesof themother'sheadcallosities,and
no matcheswith otheranimalswerefound.Onedayearlier,a localfishermanhadalso
reportedthepresenceof aSRWmother-calfpair in thatprecisearea,however,no evidenceis
availableto verify this report.Similarly,amother-calfpair,presumablythesameindividuals,
werereportedin thefollowing two daysatLaPortadaNaturalReserveby locals,some8 km
awayfrom theareawhererecord# 2 wasmade.However,no imagerywasavailableto confirm
thespecies.

Record # 3

On 31August2022,theChileanNavy(DireccioÂn GeneraldelTerritorio MarõÂtimo y deMarina
Mercante,ArmadadeChile),during coastalnavigationin Pisagua,IquiqueRegion,northern
Chile,reportedaSRWmother-calfpair.Thewhaleswererecordedbydronewhileswimming
closeto theshore(Table1,Fig5).Theimagesobtainedallowedthephoto-identificationof the
pair,andit wasdeterminedfrom theheadcallositiesthat theyweredifferentfrom thewhales
observedin Antofagastabetween15and18August.

Table 2. Frequency and duration characteristics of possible right whale down-calls, recorded off El Ñuro, 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 75.53±15.9 0.83± 0.1

Downcalls [35] 184 163± 66 100± 57 128± 61 0.6± 0.2

https://doi.org/10.1371/journal.pone.0312528.t002

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

https://doi.org/10.1371/journal.pone.0312528.g004
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Record #4

On 11September2022,aSRWmother-calfpair wasdocumentedeastof SalangoIsland,
MachalillaNationalPark,Ecuador(Table1,Figs1 and6,S1Video).Thesightinglasted40
minutesandwasmadeby four commercialwhale-watchingvessels.Accordingto onecrew's
report,initially theSRWwasrestingat thesurface.However,upontheapproachof thevessels,
thewhalesstartedzigzaggingandheadedoffshorewith increasedspeed,whichwasinterpreted

Fig 5. Mother-calf pair SRW observed in Pisagua, Iquique Region, northern Chile, on 31 August 2022.

https://doi.org/10.1371/journal.pone.0312528.g005

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

Photographextractedfrom theS1Video.

https://doi.org/10.1371/journal.pone.0312528.g006
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asanavoidancereaction.Thecalfswamcloseto thehind flanksof themother.At onepoint,
thecalflifted its headandpectoralfin out of thewater.Thesizeof theadultwhalewasesti-
matedat12±14m, gaugedrelativeto thesizeof nearbyvessels.

Record # 5

On 21August2023,amother-calfpair wasdocumentedoff SucreIslet,MachalillaNational
Park,Ecuador(Table1,Fig1,S2Video).Thesightinglasted10minutesandwasmadebya
commercialwhalewatchingtour, whoobservedthewhalesatadistanceof approximately10
m. Thecrewreportedapproachingthewhaleuponnoticing it lackedadorsalfin; theadult
whaledisplayedapatternof regularsurfacingwhilemovingtowardsSucreIsletin awestward
direction.Astheboatapproached,thewhalesincreasedtheir breathingrate.Thelengthof the
adultwasroughlyestimatedat14m whencomparedto theboat.Thecrew'sextensiveexperi-
encewith cetaceanslendscredenceto this information.Thisrecordissupportedbyvideosand
photographs(Fig7andS2Video).

Record # 6

On 28August2023,arecentlydeceasedSRWcalfstrandedon TongorachiBeachin Muisne,
within theSanFrancisco-GaleraMarineReserve,Provinceof Esmeraldasin Ecuador(Table1,
Fig1).Accordingto reportsfrom parkrangersandcommunityresidents,thecalfwasalready
deceasedwhenit strandedon thebeach.An externalexaminationandapartialnecropsywere
conductedon 30August2023,andshowedthat thecarcasshadbegundecomposing,with the
bodyslightlybloatedandpotentiallyaccumulatinggasesinternally,andacarcasscondition
between2 and3 (i.e.,2= freshlydead;3= initial decomposition),accordingto thecriteria
definedby [36].

Thecurvedshapeof theanimal'spositionon thebeachpreventedanaccuratemeasurement
of thetotal (standard)bodylength.Themeasurementtakenalongthecenterof theanimal's
bodywas6.2m (Fig8).Anothermeasurement,obtainedfrom adronephotographusinga
knownperson'sheight(1.60m) for scale,showedastraightdistancebetweenthemedian

Fig 7. Observation of a mother and calf southern right whale off Sucre Islet, Ecuador, on 21 August 2023.

Photographextractedfrom theS2Video.

https://doi.org/10.1371/journal.pone.0312528.g007
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notchof thefluke(tail) andthetip of theupperjawof 5.4m (Fig8).Thus,weestimatethat the
animal'stotal lengthwasapproximately5.8m accordingto [6,37],thebodysizeof theSRW
calfatbirth variesfrom 4.5m to 6m, i.e.on average5.25m. During thenext3±4months,the
calfgrowsin lengthatanaveragerateof 2.8cm/day[6]. Consideringtheestimatedbody
lengthof 5.8m of thestrandedspecimen,themostlikely postpartumtime is thenestimatedat
20days,with aminimum of zero(neonate)andamaximumof 46days.

Thecalfwasdark-coloredanddisplayedanasymmetricalanddistinctivewhitepigmenta-
tion patchon its abdomen[38]. Themouth isprominentlyarchedandbeganat thecornerof
theeye.Thebaleenhasrudimentary,soft,pinkish-whitebaleenplatesemergingfrom the
upperjaw(Figs8 and9).Twelveslightcreaseson theleft sidebetweentheeyeandtheblow-
hole.Sevenprominentcallositieswereevidenton eithersideof its lowerjaw,with thebonnet
formedby threecallositieson thetop of thehead;additionally,acallositywaspresenton the
lowerjaw(Fig9).Theumbilicuswasin theprocessof healing.Thepeniswasred,measuring
35cm,andwasfully extendedfrom thegenitalslit (Fig10).Thegenitalslit waselongated,orig-
inating from theumbilicus.Towardsits distalend,theslit deepened,exhibitingtwo prominent
foldson thesidesandacentrallinealprotrusion(Fig10).Thespecimenhadtiny barnacleson
thetail, peduncleandpectoralfins;no parasiteswereobserved.

Theexternalexaminationrevealedparallellinearmarksandcutson thetail peduncleand
fluke,suggestiveof interactionswith fishinggear.A 1cmdeepholeof unknownorigin was
observedon theupperright body.Therewasalacerationon thepectoralfin thatcouldhave
occurredpost-mortem.Samplesof skin,blubber,cirripeds,andbaleenwerecollectedfor fur-
theranalysis.Thecauseof thestrandingremainedundetermined,but entanglementin fishing
netswassuspected.Parkrangersreportedfinding remnantsof fishingnetsnearby.

Fig 8. Measuringthestrandedright whalespecimenalongthebody'scenter(left) andtheaerialphotograph usedto estimatethestraight measuretail notch-
lowertip jaw(right).

https://doi.org/10.1371/journal.pone.0312528.g008
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Discussion
All recordsfrom Ecuador,PeruandChile,presentedherein,wereauthenticatedwith (S1and
S2Videos)andphotographs.Theydemonstrateexternalcharacteristicsdistinctivefor SRW,
includingaverystockybody,absenceof adorsalfin, astronglyarchedjawlineandprominent
callositieson thehead[6,32,39].Thecalfstrandedrevealedirregularwhitepatchesdistributed
overtheposteriorabdomen.Similarwhitemarkingshavebeenobservedin SRWindividuals
from SouthGeorgiaandSouthAfrica [40], andarelesscommonin northernrelatives[39].

Our recordsexpandtheknownnortherndistribution rangeof theSRWpopulationin the
ESPsome1,500km from centralPeruinto northernEcuador.ThestrandingatEsmeraldas,
Ecuador,isalsothefirst authenticatedSRWrecordnorth of theequatorandtheworld'snorth-
ernmostrecordof thisspecies.Currentscouldhavesomewhattransportedthecarcassto the
strandingsite.However,givenits freshcondition andthespecies'verynearshoredistribution,
it is safeto presumethat thecalfandits motherweremovingin thenearvicinity of thestrand-
ing area.Precedingtheabovefindings,bothnorthernmostconfirmedrecordsof SRW
mother-calfpairsweredocumentedoff metropolitanLima,Peru;oneon 21August2012,at
Chorrillos(12Ê10'S)[17] andanearlieroneon 30July2005atPucusana(12Ê29'S)[14]. The
presenceof calvesamongall thenewlyrecordedsightingsofferssomeoptimismfor the

Fig 9. Left side of the head of the southern right whale calf stranded in Tongorachi, Ecuador, on 28 August 2023. Characteristicssuchasastronglyarched
jawline,sevencallositieson thelowerjaw,andanotherthreecallositieson themaxillary,aswellaslinearwrinkle-likemarkson top of andbehindtheblowhole,
canbenoted.

https://doi.org/10.1371/journal.pone.0312528.g009
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Critically EndangeredESPpopulation,assuccessfulreproductionstandsisapromisingindica-
tor of populationrecovery.However,thecalffoundstrandeddeadin Tongorachi(Ecuador)
highlightstheongoingthreatsto thispopulation,suchasinteractionswith fishingnets
[19,20,38].This incidentunderscorestheneedto continueandenhancemonitoring and
researcheffortsto betterunderstandandmitigatetherisksfacingthispopulation.

Threepreviousnon-authenticatedreportsdescribethepossibleearlierpresenceof SRWin
Ecuadorianwaters.TheoldestclaimisbyChristensen[41], whonotedin 1926ªthat right
whalesoccasionallyvisit thecoastsof Ecuador,wheretheyapproachthesandbanksin winterº.
Christensenwasfamiliar with theareaandconductednineexpeditionsto theSoutheast
Pacific,startingin 1926andcontinuingoverthenexttenyears,exploringnewhunting
groundsandattemptingto establishcompaniesandfactoriesfor whalingandpearlharvesting
betweenEcuador,PeruandChile[42]. AnotherreportwasmadebyRobertClarkein 1965[4],
whosuggested"SRWin somecasestakeadvantageof thecoldwatersof Californiaandthe
Humboldt Current to moveinto verylow latitudesin theregionof Ecuador".Thethird report
isaprobablesighting(supportedbyalow-resolutionphotograph)of two SRWoff PuntaSal,
Tumbes,in 2005[14,43]but thespeciesidentificationcouldnot befully confirmed.With the
additionof thesehistoricalreportsandmultiple newauthenticatedEcuadorianrecords,we
suggestthat thispopulationbehenceforthreferredto by thenameEasternSouthPacific(ESP)
population,ratherthantheChile-Peru(CPe)population.

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://doi.org/10.1371/journal.pone.0312528.g010
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Oceanographicconditionsmayplayapivotalrole in shapingthemigratorypatternsof ESP
right whales,notablyin their extendedpresencetowardsnorthernregions.TheSoutheast
Pacificregionexperiencesacyclicalinfluencefrom theEl Niño SouthernOscillation(ENSO)
phenomenon,characterizedby its warmphase(El Niño) andcoldphase(LaNiña) [44]. Dur-
ing theextremeEl Niño eventof 1982/1983,[45] noteda65%declinein theabundanceof blue
(Balaenoptera musculus), fin (B. physalus), Bryde's(B. edeni), humpback,andspermwhales
(Physeter macrocephalus) in northernPerudueto decreasedprimary productivity,while their
numbersroseby1.1%to 13%southof 8ÊS.Conversely,anabnormalincreasein humpback
whalecatchesoff thecentralcoastof Peruduring the1925/26seasonwasattributedto El Niño
by [46], thoughwithout evidenceof causality.Nonetheless,theunusuallyhighnumbersof
nearshore(northbound)migratinghumpbackwhalesin centralPeruduring the2023El Niño
[47] isconsistentwith Clarke'shypothesisandseemsto confirm anEl Niño relatedeffect,
albeitfor anunknownecologicalreason.

During LaNiña phases,SRWwouldventurefurther north perhapsdrivenbyastronger
flow of thecoldHumboldt Current [23]. Althoughspecificdataon whalerangeexpansionin
coldyearswithin theESParelacking,correlationshavebeendrawnbetweenthepresenceof
southernelephantseals(Mirounga leonina) in EcuadorandPanamawith LaNiña years
[48,49]aslowerseasurfacetemperaturesresembletheseals'normalhabitatin coldaustral
waters.LaNiña mayalsoinfluencefoodavailabilityin SRWsub-Antarcticfeedingareas,
althoughspecificdataarelacking.Antarctic icecoverandkrill densityaresusceptibleto tem-
peraturechangesandaffectpreyavailabilityfor krill predatorssuchaswhales[50]. Therepro-
ductivesuccessof SouthwesternAtlantic right whalesoff Brazilisattributedto aninverse
correlationbetweenincreasesin krill densityon thefeedinggroundsin SouthGeorgiaandthe
OceanicEl Niño Index(ONI) [51]. Therecentreportsof SRWmotherswith calvesin Ecuador
in 2022and2023wouldalignwith thispattern,but it couldalsobespurious(seebelow).Nota-
bly,between2020andMarch2023,theONI Indexremainedconsistentlynegative,character-
isticof theLaNiña event,until seasurfacetemperaturesuddenlyincreasedin the+1 and
+4.5ÊCin July2023,particularlyoff EcuadorandPeru[52].

Potential range expansion

Thefirst SRWrecordin Ecuadorin 2022coincidedwith LaNiña event[22], but subsequent
records,including thestrandedcalf,occurredduring El Niño. Thecalflikely strandedshortly
afterbirth, soit is likely that themother-calfpair truly hadreachedtheequatorialwatersoff
theEsmeraldasProvince.While there'stypicallyanine-monthlagin theresponseof right and
humpbackwhalesto increasedkrill densityin feedinggrounds[51,53],thetemperaturerose
in theSoutheastPacificin February2023[54], precedingthewhales'migration to thebreeding
grounds.If theseasurfacetemperaturewasadecisivefactorin SRWdistribution, thewhales
might haveavoidedmigratingsofar north in 2023,similar to otherbaleenwhalespeciesdur-
ing theEl Niño of 1982asreportedby [45]. Thelackof distributionalchangeamongSRWdur-
ing El Niño eventsalignswith findingsfor humpbackwhalesin Ecuadorduring theEl Niño
1997±1998[55], asbothspeciesdo not typicallyfeedin tropicalregions.Decreasedproductiv-
ity impactswhalespeciesfeedingin lowerlatitudes,suchasBryde's,blue,andspermwhales
[45]. It couldbesuggestedthat theNorth Pacificright whaleEubalaena japonica (Lacépède,
1818)might beresponsiblefor someof theEcuadorianrecords,howeverthis isexceedingly
unlikely.Potentialwinter breedinggroundsof Eubalaena japonica arethoughtto belocatedin
latitudes20Ê-30ÊN.An exceptional(probablyextralimital)recordwasregisteredoff BajaCali-
fornia,Mexico,in February1996[39], astraight-linedistanceof 4,100km from northern
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Ecuador.Thereareno right whalerecordsfor CentralAmerica.Moreover,thesouthernmost
presenceof E. japonica would imply a6-monthmigratoryphasedifferencewith theSRW.

Theapparentexpansionof SRWdistribution northwardmaybemoreplausiblylinked to
populationrecovery,akin to theexpectedresurgenceof theSouthAtlantic right whalepopula-
tion towardsnorthernBrazil[51]. Increasedresearcheffortsin theregionwill beimportant
for abetterunderstandingof thetemporalvariationin rangeanddistribution of thispopula-
tion. Significantgeneticdifferenceshavebeenidentifiedamongwhalepopulationsin Brazil
andChile-Peru,suggestingamorecomplexpopulationstructure[56]. Newgeneticsandsatel-
lite taggingevidencedemonstratethatSoutheastAtlantic right whalesmayfrequenttheSouth-
eastPacificeitherbecauseof populationexpansionor recolonization[57]. Thus,it isnot
discardedthatsomeof our recordsin theSoutheastPacificcorrespondto SouthwestAtlantic
right whales[57].

Consideringthebroaderecologicalcontext,researchershaveconsideredapotentialinflu-
enceof climatechangeon theobservedrangeexpansionof SRWsin theSWAtlantic [51].
Alterationsin oceantemperaturesandcurrentsmight befacilitatingthesewhales'movement
into previouslylessfrequentedregionsor wheretheywereextirpatedbywhaling[51,56].How-
ever,thethreeearlierreports,since1926,of SRWoccurringin ESPtropicalwaters[4,41,43],
offeranalternativehypothesis,i.e.thatSRWmayalwayshavevisitednorthernPeruandEcua-
dor, perhapsin low numbers,but werenot detecteddueto minimal historicalsightingefforts
andmisidentificationwith sympatrichumpbackwhales.Understandingthedynamicinterplay
betweenclimatevariationsandpotentialrangeexpansioniscrucialin elucidatingtheecologi-
calresponsesof SRWto environmentalshifts.To gaindeeperinsightsinto thedistribution
andpotentialshiftsof thispopulation,ongoingcetaceanmonitoring in continentalEcuador
andnorthernPeru,particularlyduring ENSOevents,isessential.

Acoustics

In theobservationof northernPeru(Record#1,Table1), thepaucityof callsin theacoustic
recording,despiteproximity to thewhales,is in line with whatisknownaboutright whale
mother-calfpairs,i.e.,acousticcrypsis[58,59].Thisbehaviorconsistsof mother-calfpairs
beinglargelysilent,displayinglow callrates,producinglow-amplitudecalls,or selecting
acousticallyisolatedhabitats,to avoidpredatoreavesdropping.Thedown-callshadlowerfre-
quenciesandlongerdurationsthanthosereportedby [35] (Table2).However,thevalueswe
reportedherearebasedon asignificantlysmallersampleandarestill within similar ranges,
giventhat [35] reportedlargestandarddeviationsfor frequencyanddurationcharacteristics.

Thepresenceof humpbackwhalesin thestudyarea,alongwith thedetectionof asingle
sequenceof humpbackwhalesongin theanalyzedacousticdata,meansthatwecannotconfi-
dentlyruleout thepossibilityof thatsimilarSRWcallsarebeingmistakenfor ahumpback
whalelocatedfurther away.Mosthumpbackwhalesongsexceed500Hz andtypicallydo not
resembleSRWcalls(Fig4);however,somesoundscanoccurbelow100Hz [60]. This iswhy
wehaveclassifiedtheseas'possible'SRWmother-calfdown-calls.

Conservation implications

Thenewrecordsobtainedof SRWarehighlysignificant;however,their habitat,beingsoclose
to thecoast,spatiallycoincideswith anthropogenicactivitiesincludingvesseltraffic, fishing,
unsustainabletourism,andmarinepollution, all of whichareconsideredpotentiallysignifi-
cantthreatsto thestudypopulation[61±64].Marine traffic in bothnorthernandsouthern
Chileareasisexperiencingintensegrowthdueto expandingmining activitiesandmaritime
transportthroughtheStraitof Magellan[61]. MejillonesPort (located40km from La
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RinconadaMarineReserve,Chile)haspreviouslybeenidentifiedasahigh-riskcollisionzone
for humpbackandsouthernright whales[61,62].Severalvesselcollisionsincidentshave
alreadybeendocumentedin southernChile[20]. A near-collisionwith apurse-seinefishing
vesselwasobservedneartheLimacoast[14]. Southernright whalepopulationsoff South
Africa andtheeasterncoastof SouthAmerica(Brazil,Uruguay,andArgentina)suffersignifi-
cantmortality dueto vesselcollisions[65]. At leastfour baleenwhalespeciesandspermwhales
areimpactedby thesecollisionsin theEasternPacific[66]. Therefore,conservationefforts
shouldfocuson alertingvesselsto thepresenceof whalesandimplementingvesseltraffic man-
agementmeasures(e.g.,real-timewhalemonitoring, speedrestrictions,adaptationof shipping
lanes)in areaswheresouthernright whalesconcentrate.

Accordingto [67], in PuertoLoÂpez,themainwhale-watchingport in Ecuador,77,625visi-
torscameto observehumpbackwhalesin themarineareaof MachalillaNationalPark(MNP)
betweenJuneandSeptember2019.SRWincludingmother-calfpairs,havebeenobservednav-
igatingthisareafor two consecutiveyears,suggestingtheymaybere-establishingtheir pres-
ence,increasingtheir population,or movingto otherareas.Regardlessof thereasonfor these
sightings,thehighvolumeof tourismandvessels,coupledwith minimally enforcedregula-
tions,couldposesignificantproblemsfor thepopulation.Giventhat theseobservationsoccur
within aprotectedarea,thereisanopportunity to strengthenregulationsfor whale-watching
vesselsin thisMNP to preventdisturbanceandharassmentof Critically EndangeredSRW,
especiallymother-calfpairs.Continuousmonitoring measuresandtraining programsarecru-
cial to promotesustainableecotourismpracticesandenvironmentalawarenessamongvisitors.
Furthermore,internationalcooperationin managingmigratoryroutesandrestoringmarine
habitatsisessentialfor thelong-termconservationof thesevulnerablemigratoryspecies.

Thereisstrongevidenceof entanglementleadingto mortality in ESPSRW.Historical
strandingrecordsdatingbackto 1986[68], alongwith morerecentcasesin 2017and2023
[38,69]in Chile,underscorethis issue.Thestrandingeventin Ecuadorfurther emphasizesthe
severityof thesituation.Entanglementhasbeenidentifiedasasignificantconcernin theCon-
servationManagementPlan(CMP) [70], andtheIWC ScientificCommitteehasexpressed
seriousconcernsaboutanthropogenicmortality eventsrelatedto entanglement.

Humpbackwhalesserveasavaluableproxyfor understandingthethreatsfacedbySRW.
Between2001and2016in Ecuador,18humpbackwhaleswerestrandedwith directevidence
of entanglementin fishinggear,accountingfor 31%of cetaceanstrandingsin thecountry[71].
Thisconfirmsthat interactionwith fishingnetsisamajor threatto cetaceansin Ecuadorian
coastalwaters.SuchinteractionscouldalsoimpactSRW,giventheir sympatrywith humpback
whalesduring thesameseason[72]. Seasonalandspecificmodificationsto fishinggearalong
thecoastlineshouldbeimplementedto reducetherisk of entanglement.Additionally,expand-
ing or establishingmarineprotectedareasor corridorsisessentialto safeguardcritical habitats
of SRWin Chile,Peru,andEcuador.Promotingsafefishingtechnologiesthrougheducation
andtraining isalsocrucial.Regularmonitoring andreportingof entanglementincidentsand
sightingsbystakeholdersarefundamentalto enhanceunderstandingandeffectivenessof these
measuresandlong-termconservationeffortsfor thispopulation.

Conclusion
Our studysignificantlyextendstheknownrangeof theSouthernRightWhale(SRW)in the
EasternSouthPacific(ESP)populationbyapproximately1,500km northwardsto Ecuadorian
waters.Theauthenticatedstrandingin Esmeraldas,Ecuadormarksboth thefirst confirmed
SRWrecordnorth of theequatorandthespecies'northernmostglobalsighting.Additionally,
Ecuadorisnowpartof thedistribution of thisspecieswith threeconsecutiverecordsthelast
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two years:two sightingsandonestranding.Therefore,it issuggestedthat thesub-population
shouldberecognizedastheEasternSouthPacificsouthernright whale(ESPSRW).While La
Niña conditionsmaybedriving thischange,therecentnorthwardsightingscouldalsoindicate
apositiveresponseto ongoingpopulationrecoveryefforts.However,theconservationoutlook
remainschallengingdueto anthropogenicthreatssuchasvesselstrikes,entanglementin fish-
ing gear,andunsustainabletourism,all posingseriousrisksto thisCritically Endangeredpop-
ulation.Effectivemanagementstrategies,increasedmonitoring, andcontinuedresearchare
essentialto mitigatethesethreatsandsupporttheconservationof theESPSRWpopulationin
their expandedrange.

Supporting information
S1 Video. Southern right whale mother and calf observed off Salango Island, Ecuador.

Notethearchedshapeof themouthline.
(MP4)

S2 Video. Southern right whale mother and calf observed off Sucre Islet, Ecuador. Notethe
absenceof adorsalfin andthepresenceof callositieson theheadin theadultanimal.
(MP4)
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