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Abstract

The impact of the Amazon River freshwater plume on planktonic cnidarians over neritic and

oceanic provinces is unknown. To provide further knowledge we took advantage of an

oceanographic cruise performed in October 2012 in the Western Atlantic off the North Bra-

zilian coast (8ÊN,51ÊWÐ3.5ÊS, 37ÊW).A complex and dynamic system was observed, with

strong currents and eddies dispersing the plume over a large area. Our results show that the

Amazon River shapes marine habitats with a thin highly productive surface layer com-

pressed by a deeper oxygen minimum zone both over the shelf and in the open ocean. We

hypothesized that such habitat structure is particularly advantageous to planktonic cnidari-

ans, which have low metabolic rates, being able to survive in hypoxic zones, resulting in

high species richness and abundance. Over the shelf, distinctions were sharp and the area

under the influence of the plume presented a diverse assemblage occurring in large abun-

dance, while outside the plume, the hydromedusa Liriope tetraphylla was dominant and

occurred almost alone. Divergences in the oceanic province were less pronounced, but still

expressive being mostly related to the abundance of dominant species. We concluded that

Amazon River plume is a paramount physical feature that profoundly affects the dynamics

of the mesoscale habitat structure in the Western Equatorial Atlantic Ocean and that such

habitat structure is responsible for shaping planktonic cnidarian assemblages both in neritic

and oceanic provinces.

Introduction
In marineenvironments,planktoniccnidariansrespondto changesin physicalandbiogeo-
chemicalenvironmentsoverawiderangeof spatiotemporalscales.Globalcnidariandiversity,
distribution andabundancepatternsarecloselyrelatedto oceanographicdynamicsandwater
masses,andto climatepatterns[1±3].Currents,eddies,frontsof watermasses,upwellingand
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otherphysicalprocessescandrivetheir distribution at regionalscales[1,4±9].Finally,
responsesto localchangesin theenvironment,suchaspreyavailabilityandwatertemperature
andsalinity,maydeterminespecieslocaloccurrenceandabundance[10±12].

In thepast,planktoniccnidarianswereoftensetasidein traditionalzooplanktonstudies.
However,their high feedingratesandsignificantroleaspredatorsin thetrophic web,associ-
atedwith largepopulationblooms,whichoccurin thelife cyclesof manyspecies,havethe
potentialto control thepelagiccommunityandcollapsefisheries[13,14].Therefore,interestin
pelagiccnidarianecology,their responsesto environmentalconditions,suchasbloomtrigger
mechanisms,andtheir role in ecosystemfunctioningaspredatorsandpreyfor highertropic
levelsincreasedin recentdecades[14±17].However,knowledgeon theecologyof planktonic
cnidariansisstill scarcein low latitudesystemssuchastheWesternEquatorialAtlantic Ocean.

Asawesternboundarycurrentsystem,astrongcurrent,theNorth BrazilCurrent (NBC)
flowscoastwardin this region[18,19].Suchfeatureresultsin intrusionsof oligotrophicoce-
anicwatersandassociatedplanktoniccnidarianfaunaoverthecontinentalshelfin otherwest-
ernboundarysystems[20,21].Despitetheoligotrophicscenariobroughtby theNBC,the
AmazonRiverdischargesup to 2.4� 105 m3s�1 of freshwater(approximately20%of global
freshwaterrun-off) with organicmatter,nutrientsandsedimentsoverthearea[22,23].The
Amazondischargecreatesasurfaceplume(AmazonRiverplume,hereafterARP)of low-salin-
ity, highnutrients,andsuspendedanddissolvedmaterialsthat reachesthousandsof kilome-
tersin theEquatorialandNorth Atlantic andCaribbeanSea[24±26]with stronginfluenceon
ecologicalprocesses.Thelargedischargeof nutrientsenhancesprimaryproductionandphyto-
planktonconcentrationandpossiblythewholemarinecommunitybyabottom-upeffect,as
observedwith planktonicdecapods[27,28].Thelow salinitybrackishenvironmentmayaffect
thespatialdistribution of marineanimalssuchasplanktoniccnidarians,whichusuallyare
associatedwith specificenvironmentalsalineconditionsandwatermasses[5,9,29,30].Addi-
tionally,bellowtheplume,low oxygenlevelsareobservedduethehigh ratesof sinkingorganic
mattermineralization[31,32].

Freshwaterrun-off from smallriversareknownto affectthestructureof planktoniccnidar-
ian assemblagein coastalareas[33±39]wherespecieshavedistinct responsesto thesalinity
gradient.In theWesternEquatorialAtlantic, theARPextendsfar offshoreandits influenceon
planktoniccnidariandistribution andabundancemayoccurthousandsof kilometersaway
from theriver mouth.However,effectsof suchmajor river plumeson cnidarianswerenever
specificallyevaluated.In thisstudy,weinvestigatethehypothesisaccordingto whichunlike
otherwesternboundarycurrentsystems,theecologicalprocessesinducedby thespreadof the
ARP,drive thestructureof planktoniccnidarianassemblagesbothovertheshelfandoffshore.
For thatpurpose,weusedacomprehensivesetof datacollectedfrom neritic andoceanicprov-
incesin theWesternEquatorialAtlantic,both insideandoutsidetheinfluenceof theARP,in
orderto understandtheresponseof theplanktoniccnidarianassemblageto thisuniquephysi-
calandbiogeochemicalenvironment.

Materials and methods

Studyarea
ThestudyareawasalongtheNorth BraziliancontinentalshelfbetweentheAmazonandOya-
pok river mouthsandin EquatorialAtlantic oceanicwaters,rangingbetween8ÊN,51ÊWand
3.5ÊS,37ÊW(Fig1). In thearea,thecontinentalshelfreachesup to 300km wideandtheshelf
breakoccursaround120m depth[40,41].Thelargefreshwaterdischargeof theAmazonRiver
createsanextensivesurfaceplume.Strongoceancurrents,eddies,wind fieldsandhigh tidal
variationin theNorth Braziliancontinentalshelfandadjacentoceanicwatersshapethe
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dispersionof theARP,resultingin ahighlydynamicsystemwith highspatialandtemporal
variability[41±44].Threegeneralpatternsoccurin thespreadof theARPthroughouttheyear.
FromJanuaryto April, theARPflowscontinuouslynorthwestalongtheBraziliancoastcarried
mainlybyNE winds.FromApril to July,theARPreachestheCaribbeanregiondueto the
higherdischarge,NBCtransportandSEwinds.Finally,from Augustto December,whenwind
fieldsareweaker,theretroflection(i.e.achangein theflow direction)of theNBC,around5
and10ÊN,dispersestheARPto theeast,feedingtheNorth EquatorialCounterCurrent
[NECC;43,45].During thisperiodtheplumethatcanexceed106 km2, reachinglongitudesto
theeastasfar as25ÊW[46].

Sampling
Datawereobtainedduring theoceanographiccruise������� ����� III, aboardtheresearch
vesselNHo. Cruzeirodo SulÐH38 (DHN/BrazilianNavy).It wasperformedin 9±31October
2012,theperiodwhenmostof theARPis retroflexedandtransportedeastwardby theNECC
[43,45].Zooplanktonwassampledat44stationsin obliquehauls,usingBongonetswith 120
and300�m meshand0.3and0.6m mouthdiameter,respectively.Towswereperformedat
approximately2 knotsfrom nearbottomto surfaceon thecontinentalshelf,andfrom 200m
to thesurfacein theopenocean.Netswerefitted with aflowmeter(Hydro-Bios)to estimate
thefilteredvolume.Sampleswerefixedwith 4%formaldehydebufferedwith sodiumtetrabo-
rate(0.5gL-1). Currentspeedanddirectionswererecordedalongall thetrackof theshipbya
TeledyneRDOceanSurveyorADCP.Datafrom thefirst 100m of thewatercolumnwereinte-
gratedeach30km alongthetrack.Salinity,temperature(ÊC),density(� t), dissolvedoxygen
(mgL-1) andfluorescenceverticalprofileswereobtainedatstationswherezooplanktonwas
sampledwith aSeabirdSBE25SealoggerCTD profiler [47].

Fig 1. Geographiclocation of the studyareain the North Brazilian continental shelfandadjacentWestern
Equatorial Atlantic Ocean,showingthe sampledstations.

https://doi.org/10.1371/journal.pone.0290667.g001
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In laboratory,wholezooplanktonsampleswereanalyzedunderstereomicroscopeandspec-
imenswereidentified[mainly following48,49]andcounted.A generaltaxonomicoverviewof
planktoniccnidariansof theareawaspreviouslyreported[50]. Abundanceswerestandardized
in numberof individualsper100m-3 for medusaeandnumberof coloniesper100m-3 for
siphonophores.Forcalycophorans,thenumberof anteriornectophoreswasusedfor estimat-
ing thepolygastricstageabundance,andeudoxidbractsfor theeudoxidstageabundance[e.g.
30,51].Forphysonectsandthecalycophoran	�

�
����� �

�
��, numberof colonieswere
roughlyestimatedbydividing thenumberof nectophoresby10[52]. Wetweightfrom 120�m
meshsamples(including cnidarians)measuredbygravimetryafterremovingtheexcesswater
with blottedpaper[53] wereusedasanindirect estimatorof zooplanktonbiomass(mostly
copepods,cladoceransandothercrustaceans).

Data analysis
TheARPwasdelimitedby theisohalineof 35anddensity<22 (� T). TropicalSurfaceWater
(TSW)andSouthAtlantic CentralWater(SACW)massesweredelimitedby theisobarof 24.5
(� T) [43,54,55].Cyclonicandanticycloniceddieswererespectivelyidentifiedbynegativeand
positivesealevelsanomaliesin dailyL4satellitedata,measuredbymulti-satellitealtimetry
observationsoverGlobalOcean,producedbySSALTO/DUACSanddistributedbyEuropean
Union CopernicusMarineServiceInformation.Dominantcurrent in eachstationwasdeter-
minedby theoveralldirectionobservedin theADCPdataandclassifiedasNBC,retroflection
area(RETRO)andNECC.

Theabundance,speciesrichnessandstructureof theplanktoniccnidarianassemblagewas
statisticallysimilar in samplesfrom netswith 120and300�m meshes[56]. Thus,wemerged
thedatafrom bothmeshesfor statisticalanalysis.Station1,thewastheonly spotsampled
insidetheriver estuaryandwasexcludedfrom thedataanalysis.Forstatisticaltests,abundance
datawastransformedby log(x+1).Analysesof Variance(ANOVA) wereperformedto testfor
differencesin abundanceof themostabundantplanktoniccnidarianspecies,accordingto the
province(neritic andoceanic)andinfluenceof theARP.Tukeypost-hoctestwasusedto iden-
tify thedomainsthatdifferedwhenANOVA wassignificant.Spatialpatternsin planktonic
cnidarianassemblageabundancewereidentifiedbyahierarchicalclusteranalysis(Bray-Curtis
similarity matrix).A SimilarityPercentage(SIMPER)analysiswasperformedin orderto iden-
tify keyspeciesandtheir contribution to similarity within thegroupsdefinedin thecluster
analysis.

To identify associationsbetweenrepresentativeplanktoniccnidariantaxa(speciesoccur-
ring in morethan21stationsandspecieswith highabundancein fewstations)andthephysi-
calenvironment,aconstrainedordination analysiswasperformed.DetrendedCanonical
CorrespondenceAnalysis(DCCA) revealedasmalllengthof environmentalgradients(<3),
indicatingthatalinearmethodwasappropriate,andthusRedundancyAnalysis(RDA) was
selected[57]. Mesoscalephysicalprocesseswereincludedasdummycategoricalexplanatory
variables(neritic andoceanichabitats,presenceof ARP,predominantcurrent,presenceof
cyclonicandanticycloniceddies).Zooplanktonbiomassfrom netswith 120�m (consideredas
foodavailabilityfor planktoniccnidarians),maximumvalueof fluorescence(asaproxyof bio-
logicalproductivity),maximumvalueof dissolvedoxygenandsurfacetemperatureandsalinity
wereincludedascontinuousexplanatoryvariables.MonteCarlotestwasusedto testthesig-
nificanceof thefirst andall canonicalaxestogether[57].

Environmentalandbiologicaldistribution mapswereproducedin Qgis3.2.1.Clusterand
SIMPERanalysiswereperformedin Primerv.6+ PERMANOVA.DCCA andRDA wereper-
formedin CANOCO4.5.
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Results

Environmental background
Thesouthernpartof thestudiedarea(reaching3ÊN)wasdominatedby theNorth Brazilian
Current (NBC),flowing westandcoastwards.Around 5ÊN(station10),theNBCwasretro-
flexednorthwards,wherefastercurrentsoccurred.In thenorth of thestudyarea,from 7.5ÊN,
46ÊW(station15)to 4ÊN,38ÊW(station28)theNorth EquatorialCounterCurrent (NECC),
flowingeast,predominated(Fig2a).Onecycloniceddy,causingsurfacedivergence,occurred
nearthemouth of theAmazonRiverandstations4,5and6weresampledunderits influence.
Stations8,13,14,17,18weresampledundertheinfluenceof threeanticycloniceddiesand
surfaceconvergence(Fig2b).Althoughanothercycloniceddyoccurredin thewestsideof the
studyarea,it wasalreadydissipatedin thedaythosestationsweresampled.

Overthecontinentalshelf,surfacewatersof stations8and9wereinfluencedby theARP
resultingin salinitiesbelow35in thefirst 8 m of thewatercolumn(Figs2cand3a).In theoce-
anicprovince,stations15to 24wereinfluencedby theARP,wherethe35isohalineranged
from 14m depthatstation21to 59m depthatstation19.OutsidetheARP,surfacesalinity
wasaround36in all stations(Fig2c).

Coastalsurfacewaterswereslightlywarmerthanadjacentoceanicareas,reaching28.5ÊC.
In oceanicwaters,surfacetemperatureoscillatedmainlywith latitudewith highertempera-
turesin north of thestudyarea,reaching29.8ÊC(Fig2d).Colderwaters(<18ÊC)occurred
commonlyaround120m depth,belowastrongthermocline,howeverintrusionsin theupper
layerswereobservedatstations21to 24wereit reachedup to 60m depth.Distinctly,closeto
thecontinentalslope,warmsurfacewatertransposeddownto 150m depth(Fig3b).These
upwellinganddownwellingfeaturesreflectthecomplexcirculationsystemin thearea.Follow-
ing thetemperatureandsalinitygradients,threewatermasseswereobservedin thefirst 200
m, ARPwaters(� T < 22),TropicalSurfaceWaters(TSW)(� T between22and24.5)andSouth
Atlantic CentralWaters(SACW)(� T > 24.5;Figs2eand3c).

Fluorescencewashigherin thesurfacelayerof neritic stationsinfluencedbytheARP,reach-
ing 2.7(Fig2g).A smallincrementin fluorescencewasalsoobservednearthebottomatstation
5,whichwasundertheinfluenceof acoldcorecycloniceddy.In theopenocean,adeepfluo-
rescencemaximumlayerwasobservedin theboundarybetweenTSWandSACW(Fig3d).
High zooplanktonbiomassoccurredin theneritic areaunderinfluenceof theARPandin the
regionof thecoldcorecycloniceddy,no clearspatialpatternswereobservedin otherstations
(Fig2h).Dissolvedoxygenwassteadyin thesurfacelayerovertheentirestudyarea.In deeper
waters,both in neritic andoceaniczonesundertheinfluenceof theARP,anoxygenminimum
layer(<3 mg.l-1) wasobservedbetween50and200m depth(Figs2f and3e).

Speciescomposition
A totalof 91taxaof planktoniccnidarianswerecollected(Table1),correspondingto 2scypho-
medusae,41hydromedusaeand48siphonophores.Furthermore,manyunidentifiedcerinula,
ephyraeandathorybialarvalformswerecollected.�����
� �����
���� wasthemostfrequent
medusa,beingpresentin 88.5%of thesamplesall overthestudyarea,followedby �������
�������� (78.2%)and������� ���������� (41.4%).Amongsiphonophores,themostfre-
quentwere��
��� ������ (88.5%),������ ��������� (80.5%),����
��� �

����������
(78.2%),�����
��� �������na (75.9%),������� ������ (74.7%)and���������� ����� (75.6%;
Table1).

�����
� �����
���� alsodominatedin abundance,representing46%of all medusae.Other
representativemedusaewere����� ���������� (28.8%)and�. �������� (15.6%).Among
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Fig 2. (a) Surfacecurrentsvectorsandindicatorsof thepredominantcurrentin thearea(NBC= North Brazilian
Current;RETRO= North BrazilianCurrentretroflection; NECC= North Equatorial CounterCurrent).(b) Sealevel
anomaliesandindicatorsof cyclonicandanticyclonic eddies.(c) Seasurfacesalinityandestimatedpositionof 35
isohalinedelimitating theAmazonRiverplume(ARP)andtropicalsurfacewater(TSW).(d) Seasurfacetemperature.
(e)Surfacedensity(f) Surfacedissolvedoxygen.(g) Surfacefluorescence.(h) Totalzooplanktonbiomassfound in the
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siphonophores,���������� ������� wasthemostabundant(19.1%),followedby �. ������
(18.2%),�. �

���������� (12.5%),�. ����� (10.8%)and ������� !���� (10.6%).

Spatialdistribution patterns
Totalmedusaabundancewashigherandmorevariableoverthecontinentalshelf,ranging
from 1.4to 1710ind. 100m-3 (891.7�1161.3in average).In thisprovince,whilemedusaspecies
richnesswashigherin thestationsinfluencedby theARP,highabundancesoccurredin sta-
tionsboth insideandoutsideof theARP.In oceanicwaters,highestmedusaabundance
occurredatstationslocatedin theareainfluencedby theARPandspeciesrichnesswassimilar
both insideandoutsidetheinfluenceof ARP(Fig4).

Thehydromedusa�. �����
���� waswidespreadall overthesampledarea.However,the
speciesdominatedwith significanthigherabundances(Fig5;Table2) theneritic stationsout-
sidetheARP.Its presencewasalsoconstant,althoughlessabundant,in theretroflectionarea
andin theNECC.Lowercatchesoccurredin mostoceanicstationsundertheinfluenceof the
NBC.�. ����������, 	��������� ��������� and������ ��������� occurredin largeabundances
andalmostexclusivelyin neritic stationsunderinfluenceof theARP.������ ���������
occurredin highabundanceandexclusivelyatstation1, insidetheestuary.�. �������� was
thedominantmedusathroughmostof theoceanichabitat.�. ���������� wasalsorepresenta-
tive in theopenocean,usuallyin lowerdensities.������� sp.1 and����������� �������������
occurredscatteredin low abundancesall overthearea(Fig5).

Siphonophoresspeciesrichnessandoverallabundanceweremoreconstantandtypically
high in oceanicstations,whereit averaged19.1�3.8speciesand193.8�107.7ind. 100m-3,
respectively.Differently,overthecontinentalshelf,siphonophorespeciesrichnesswasconsid-
erablylower,typically<5 (3.6�3.4 in average),andtheywereabsentatstations2and4.Abun-
dancesin neritic stationsalsotendedto belower,but veryhighabundance(up to 3381.3ind.
100m-3) occurredatstation9 (Fig4).

���������� ������� and . !���� occurredin highabundanceandalmostexclusively
in neritic stationsundertheinfluenceof theARP.Althoughwidespreadandabundantall over
thearea,�. ������ abundancewassignificantlyhigherin theoceanicstationsundertheinflu-
enceof theARP(Fig6;Table2).Alsowidespread,but with lowerdensities,��
��� ���
�� ���
�. ������ weremoreabundantin stationsundertheinfluenceof theARPor nearits bound-
ariesboth in theneritic (significantfor bothspecies)andoceanichabitats(significantfor �.
������, Fig6;Table2).All otherabundantsiphonophoresoccurredexclusivelyatoceanicsta-
tionsandtheneritic station45,locatedneartheshelfbreak(Fig6).No clearspatialpatterns
wereobservedin theproportion of eudoxidandpolygastricstagesof calycophoran
siphonophores.

Assemblagestructure
Theclusteranalysisdepictedthreemaingroupswith low resemblanceto eachother(Fig7).
GroupA, with 39.7%similarity, includedtheneritic stationswithout influenceof theARP,
with theexceptionof thestation45.Thegroupwasrepresentedmainlyby �. �����
���� in
highabundance(Table3).Thetwo neritic stationsunderinfluenceof theARPbelongedto
GroupB.With anaveragesimilarity of 69.5%,thisgroupwasmainly represented�. ����������,
�. �������,  . !���� and�. ���
�� (Table3).

first 200m of thewatercolumn(meanof samplescollectedwith 120and300�m meshnets).All collecteddataare
from October2012.

https://doi.org/10.1371/journal.pone.0290667.g002
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Fig 3. Verticalprofilesandcontoursof (a) Salinity,tracedline is thepositionof 35isohalinedelimitatingtheAmazonRiver
plume.(b) Temperature. (c) Density.(d) Fluorescence. (e)Dissolvedoxygen.Upperbarsindicatethemainmesoscaleprocesses
observedin thearea.All collecteddataarefrom October2012.

https://doi.org/10.1371/journal.pone.0290667.g003

PLOS ONE Amazon River plume habitats shape planktonic cnidarian assemblages in the Western Atlantic

PLOS ONE | https://doi.org/10.1371/journal.pone.0290667 August 25, 2023 8 / 25



Table1. Basicstatisticsof planktonic cnidarian speciesfrom neritic andoceanicprovincesin the WesternEquatorial Atlantic Oceanoff North Brazil. Meanabun-
dance(ind. 100m-3) perstationandstandarddeviation,rangeof abundanceandfrequency of occurrence(f; consideringbothprovinces;n = 87samples).Speciesare
sortedby frequency of occurrence.In all cases,bothmesheswerepooled.

Species Neritic Oceanic f

Mean� SD Rangeof non-zero
abundances

Mean� SD Rangeof non-zero
abundances

Siphonophores

��
��� ������ (Eschscholtz, 1825) 19.7� 61.4 0.6±263.3 50.6� 81.4 2.8±471.4 88.5

������ ��������� (Quoy& Gaimard, 1833) 3.1� 8.33 1.6±30.5 19.7� 14.3 1.8±73.09 80.5

����
��� �

���������� (Eschscholtz,1829) 8.6� 33.4 22.9±148.8 37.7� 35.6 3±161.9 78.1

�����
��� ��������� (Otto, 1823) 2.1� 5.98 0.8±22.9 8.6� 8.3 0.9±40.5 75.9

������� ������ (DelleChiaje,1844) 3.3� 6.85 0.9±28.7 2.5� 2.9 0.1±13.5 74.7

���������� ����� (Huxley,1859) 1 � 2.94 0.8±11.4 34.1� 40.1 0.3±214.6 73.6

�����
��� ��������"�� (Huxley,1859) 1.9� 7.67 2.9±34.3 7 � 12.3 0.3±92.7 69

������������� ���� (Lens& vanRiemsdijk,1908) 7.4� 28.35 22.9±125.9 7.6� 8.3 0.2±33.4 69

���������� �
������ (Bigelow,1911) 1.7� 7.68 34.3±34.3 13.3� 21.3 0.7±123.1 60.9

��
��� ���
�� Chamisso& Eysenhardt,1821 72.1� 187.61 0.7±768.7 1.7� 2.9 0.3±15.2 57.5

������ �!���� Eschscholtz,1825 0.4� 1.71 7.6±7.6 1.1� 1.4 0.1±6.8 54

������������� ������� (Gegenbaur, 1854) - - 0.9� 1.5 0.1±7 37.9

����������� ����!����� (Huxley,1859) - - 1 � 1.5 0.1±5.9 36.8

������ ���
������ (Moser,1917) 0.4� 1.6 1.56±7.2 1 � 1.7 0.3±7.6 34.5

������ ������� (Sars,1846) - - 0.6� 1.2 0.3±6.7 29.9

������������� ������ (Sars,1846) - - 0.8� 1.4 0.4±5.4 29.9

���������� ��������� (Haeckel,1888) - - 0.5� 0.9 0.3±3.9 27.6

������ ������� (Leloup,1934) - - 1 � 2.3 0.3±14.9 25.3

���������� ����������� (Claus,1879) 0.7� 2.37 3.6±10.2 0.5� 1.2 0.5±7.4 25.3

	�

�
����� �

�
�� (Forssk�l,1776) - - 0.3� 0.7 0.1±2.8 18.4

��
������� sp. - - 0.3� 0.8 0.4±3.5 14.9

	��������� ������ (Vogt,1852) - - 0.2� 0.5 0.4±1.9 14.9

������ �������� (Chun,1886) - - 0.2� 0.7 0.1±3.4 11.5

������ spp. - - 0.2� 0.8 0.6±4.6 8

 ������� !���� (Will, 1844) 95.7� 282.9 70.04±1185.4 0.2� 1.3 1.9±9.1 8

�������� ������� (Forssk�l, 1775) 0.1� 0.4 1.6±1.6 0.1� 0.7 0.4±4.7 6.9

#������ 
������ Bigelow,1911 - - 0.1� 0.5 0.6±2.5 6.9

������������� ������� (Chun,1888) - - 0.1� 0.5 0.5±2.4 6.9

���������� ������� Quoy& Gaimard,1827 207.1� 589.1 152.8±2227.1 0.1� 0.2 1.4±1.4 5.7

����
��� sp. - - 0.1� 0.5 0.1±4.2 4.6

������ ������! Totton,1941 - - 0.1� 0.1 0.4±0.6 4.6

������ $�%���� (Bigelow,1911) - - 0.1� 0.3 0.3±1.6 4.6

����� sp. - - 0.1� 0.2 0.1±1.1 3.4

����� ������� Quoy& Gaimard,1827 - - 0.1� 0.3 0.8±1.6 3.4

����!���� ��%������ KoÈlliker, 1853 - - 0.1� 0.3 1.2±1.5 3.4

������ �������� (Keferstein& Ehlers,1860) - - 0.1� 0.2 0.5±1.5 3.4

������ ���� Totton,1941 - - 0.1� 0.9 0.7±6.5 3.4

�
���������� !�����!��� Huxley,1859 - - 0.1� 0.3 0.9±1.9 3.4

����!���� �������� (Milne Edwards,1841) - - 0.1� 0.3 0.5±2.1 2.3

������ ����������� (Lens& vanRiemsdijk, 1908) - - 0.1� 0.1 0.3±0.3 2.3

��
������� 
����$��� (Haeckel,1888) - - 0.1� 0.28 2.3±2.3 1.1

����
��� ������� (Chun,1897) - - 0.1� 0.76 6.2±6.2 1.1

������ ���
�� Totton,1941 - - 0.1� 1 8.2±8.2 1.1

(��������� )
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Table1. (Continued)

Species Neritic Oceanic f

Mean� SD Rangeof non-zero
abundances

Mean� SD Rangeof non-zero
abundances

������ �����
� Totton,1954 - - 0.1� 0.2 1.9±1.9 1.1

����
��� ����������� Forssk�l,1775 - - 0.1� 0.3 2.5±2.4 1.1

#������ sp. - - 0.1� 0.1 1.2±1.2 1.1

������������� &�����'��'�� deBlainville,1830 - - 0.1� 0.1 0.1±0.1 1.1

Hydromedusae

�����
� �����
���� (Chamisso& Eysenhardt,1821) 322.1� 582.2 2.8±2199.6 9.2� 14.6 0.3±99.3 88.5

������� �������� PeÂron & Lesueur, 1810 10.3� 31.3 11.6±125.9 33� 37.6 0.1±192.7 78.2

������� ���������� Gegenbaur,1857 - - 2.5� 4 0.2±16.7 41.4

#�
������� '������ Gegenbaur,1857 0.6� 2.6 11.5±11.4 1.1� 1.9 0.1±7.9 35.6

����������� ������������� (Quoy& Gaimard, 1833) 0.6� 1.7 1.6±7.2 1.1� 2 0.5±9.3 34.5

������� sp.1 0.4� 1.7 7.6±7.6 0.5� 1 0.3±5.5 29.9

��������� �$$���� (Hartlaub,1914) 0.4� 1.7 7.6±7.6 0.4� 1.5 0.6±10.6 12.6

������ spp. 0.5� 1.2 3.5±3.5 0.1� 0.4 0.5±1.9 11.5

������ ��������� McCrady, 1859 5.6� 17.2 4.8±75.4 0.1� 0.7 0.5±4.5 9.2

�������'���� ��������� Kramp,1959 2.5� 7.7 2.4±34.3 0.1� 0.5 1±3 8

����� ���������� McCrady,1859 222.7� 646.7 3.6±2701.3 0.2� 1.5 12±12.0 6.9

��������� �������� Hartlaub, 1894 0.6� 2.4 1.5±10.5 0.1� 0.4 0.9±2.27 5.7

�������'���� 
������� Kramp,1959 - - 0.1� 0.2 0.4±1.07 4.6

��&����� spp. - - 0.1� 0.2 0.9±1.2 3.4

������ $����$��� Kramp,1948 - - 0.1� 0.1 1±2.7 3.4

	��������� ��������� Tosetto,Neumann-Leit�o & NogueiraJunior,
2020

9.6� 39.3 4.8±176 - - 3.4

Anthomedusasp.1 - - 0.1� 0.6 1.7±4.7 2.3

Anthomedusasp.3 - - 0.1� 0.7 1.9±5.1 2.3

��������� spp. 0.1� 0.14 0.6±0.6 0.1� 0.2 1.9±1.9 2.3

������ ��������� Tosetto,Neumann-Leit�o & NogueiraJunior,
2020

13.4� 45.5 76.4±192.6 - - 2.3

Levenellidaesp. - - 0.1� 0.2 0.5±1.7 2.3

 �����""�� ��������� (Mayer,1900) 0.2� 0.8 0.8±3.6 - - 2.3

Bougainvilliidaesp 2.9� 10.0 14.9±43.1 - - 2.3

(����� sp. 3.1� 13.8 0.6±61.8 - - 2.3

������� �������� Haeckel, 1879 - - 0.1� 0.1 0.4±0.6 2.3

��&����� $���!���� PeÂron & Lesueur,1810 - - 0.1� 0.2 1.9±1.9 1.1

��������� ���� L. Agassiz,1862 0.1� 0.2 0.8±0.8 - - 1.1

Anthomedusasp.2 - - 0.1� 0.2 1.9±1.9 1.1

Anthomedusasp.4 - - 0.1� 0.3 2.2±2.2 1.1

�������'����� ������ (Allman,1863) - - 0.1� 0.1 0.5±0.5 1.1

Campanulariidaesp. - - 0.1� 0.3 2.5±2.5 1.1

Corynidaesp. - - 0.1� 0.1 0.5±0.5 1.1

������� sp.2 - - 0.1� 0.1 0.9±0.9 1.1

������ ������ (Mayer,1900) 0.2� 0.8 3.5±3.5 - - 1.1

Hydromedusaesp. - - 0.1� 0.1 0.6±0.6 1.1

�������� �������� (Forbes& Goodsir,1853) 1.1� 5.1 22.9±22.9 - - 1.1

 ���������� �������� Haeckel,1879 0.1� 0.4 1.6±1.6 - - 1.1

(���
�������� ������%� Kramp,1955 0.2� 0.7 3.2±3.2 - - 1.1

(���
�������� ���!��� (Vannucci & SoaresMoreira,1966) 0.2� 0.8 3.5±3.5 - - 1.1

(��������� )
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GroupC,thatoccurredmainly in oceanicstations,encompassedthreesubgroupsandtwo
outliers.Stations45and10werelocatedneartheshelfbreakandconsideredoutliers.Sub-
groupC1clusteredstations34to 38,locatedin thesoutheasternportion of thestudyarea(Fig
7). It wasmainly representedby �. �

����������, �. ��������� and�. ��������� anddiffered
from otheroceanicgroupsby thelow occurrencesof �. ����� and�. ���� (Fig6;Table2).
Thesimilarity within thegroupwas69.2%.SubgroupC2includedtheremainingoceanicsta-
tionsoutsidetheinfluenceof theARP.With anaveragesimilarity of 69.5%,�. �

����������,
�. ����� and�. ��������� werethemain representativeof thissubgroup(Fig7;Table3).Except
for station17and22placedin subgroupC2,all oceanicstationsundertheinfluenceof the
ARPandstations25and26locatednearits limit wereincludedin subgroupC3(Fig7;
Table3),with 69.3%of similarity.Thissubgroupwasmainly representedbyhighabundances
of �. ������, �. ����� and�. ��������.

Responsesto mesoscaleprocessesandenvironmentalgradients
Thefirst two axesof theRDA explained54.9%of planktoniccnidarianspeciesvariance
(Table4).TheMonteCarlotestshowedthat thefirst (F-ratio= 18.3,P-value= 0.002)andall
canonicalaxestogether(F-ratio= 6.3,P-value= 0.002)weresignificant.Axis1 (37.8%of vari-
ance)wasmainly relatedto theoceanic/neriticgradient.Zooplanktonbiomassandcold-core
cycloniceddieswerepositivelyrelatedto thisaxis.Thesecondaxis(17%of variance)wasnega-
tivelyrelatedto surfacesalinityandcycloniceddies,andpositivelyrelatedto theARP,fluores-
cenceandzooplanktonbiomass.Axes3 and4 explainedtogetherlessthan10%of species
varianceandwerenot considered(Fig8;Table4).

Mostoceanicspecieswerecloselyrelatedto theleft portion of thefirst axiswith fewrelation
with axis2,whichrepresentedtheARPandsurfacesalinitygradient,reflectingtheir widedis-
tribution overtheoceanicprovinceandlow effectof theARPon their distribution.Otheroce-
anicspecies,suchas�. ������, �. ����� and#. '������ correlatedwith both thenegative
portion of axis1 andthepositiveportion of axis2,indicatingtheir higherabundancein the
oceanicenvironmentunderinfluenceof theARP(Fig8).

������� ������, �. ������������� and�. ���
������ werecloserelatedwith thepositivepor-
tion of axistwo, indicatingtheir preferencefor thelow salinityenvironmentof theARPin
bothoceanicandneritic habitats.���������� �������,  . !����, �. ���������� and�. ���)

�� correlatedwith thepositiveportionsof axes1 and2,reflectingtheir highabundancesin
neritic stationsundertheARPinfluence,wherethehigherprimary productionandfoodavail-
ability occurred.�����
� �����
���� waspositivelyrelatedto thefirst axis,asaresultof its large

Table1. (Continued)

Species Neritic Oceanic f

Mean� SD Rangeof non-zero
abundances

Mean� SD Rangeof non-zero
abundances

(������� sp. 0.1� 0.4 1.59±1.6 - - 1.1

������� ������� Haeckel,1879 - - 0.1� 0.3 2.8±2.8 1.1

Scyphomedusae

�������� 
������� KoÈlliker, 1853 0.6� 2.3 1.49±10.3 0.3� 0.7 0.3±3.3 20.7

�������� �������� Jarms,1990 - - 0.1� 0.2 1.7±1.7 1.1

Other

Cerinulalarvae 8.9� 19.7 1.49±82.6 0.4� 0.9 0.2±4.6 29.9

Ephyraelarvae 0.5� 1.5 1.43±6.1 0.1� 0.3 0.4±1.8 8

Athorybialarvae - - 0.1� 0.6 0.3±4.9 2

https://doi.org/10.1371/journal.pone.0290667.t001
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abundanceoverthecontinentalshelfboth insideandoutsidetheARPandin thecold-core
cycloniceddy(Fig8).

Discussion
Our resultsshowthat theAmazonRiverPlumedrivesphysicalandecologicalprocessesthat
affectthedistribution andabundanceof planktoniccnidariansbothoverthecontinentalshelf

Fig 4. Geographic distribut ion of speciesrichnessand total abundanceof hydromedusaeandsiphonophoresfound in the top 200m of the water
column (meanof samplescollectedwith 120and300�m meshnets)in October2012.

https://doi.org/10.1371/journal.pone.0290667.g004
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andin theopenoceanin theWesternEquatorialAtlantic Ocean.Althoughour studywas
focusedon cnidarians,analogouseffectsareexpectedto thewholeplanktoniccommunity[e.g.
28].Overthecontinentalshelf,weobservedastronginfluenceof theARPin thewestof the
studydomain.This is thezonewheretheNBCis retroflectedto thenorth, spreadingtheARP
overtheentirelengthof theshelf[58]. In addition to thefreshwaterinput loweringsalinity,
theARPdischargesamassiveamountof nutrients,organicmatterandsediments[24], boost-
ing theprimary production.Consequently,highertrophic levels,includingplanktoniccnidari-
ansbenefitfrom thehigherfoodavailabilityderivedfrom bottom-upprocesses.

Fig 5. Geographic distribution andabundanceof the dominant hydromedusaefound in the top 200m of the watercolumn (meanof samples
collectedwith 120and300�m meshnets)in October2012.Speciesaresortedaccordingto totalabundance.

https://doi.org/10.1371/journal.pone.0290667.g005
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Overthecontinentalshelf,theARPwasrestrictedto thesurfacelayer.Belowlied anoxygen
minimum layer,likely in consequenceof thehigh ratesof organicmatterthatsinkandfuel
microbialrespiration[59]. Thesefeaturescompressedthebulk of productivity in theARP,
bothverticallyandhorizontally(Fig9).Althoughwith theobliquetrawlsperformedin our
study,wecouldnot infer theexactverticalpositionof thehugeamountof cnidariansobserved
in theareaof influenceof theARPandits relationwith theoxygenminimum layer,such
three-dimensionalhabitatconfigurationseemsparticularlybeneficialfor cnidarians.While
cnidariansusuallyarenot restrictedbyoxygenconcentrationduetheir low metabolicdemand,
low oxygenlevelscompressthesuitablehabitatfor fishandotherpredatorswith highermeta-
bolicdemandto thethin surfacelayer[32,60±62].In addition,in this thin productivelayerthe
waterhaslow visibility dueto thesedimentrunoff andsuspendedparticulatematter.Cnidari-
ans,whicharenot visualfeeders,canoutcompetevisualpredatorsand,duetheir fastrepro-
duction,proliferatein largepopulationblooms[63±65].Thus,in thehabitatshapedby the
ARP,weobservedthehighestabundanceof planktoniccnidariansandhighspeciesrichness
for bothhydromedusaeandsiphonophores.Suchhugeabundancesarein generalhigherthan
theobservedoverthecontinentalshelfin othertropicalsystemsalongtheWesternAtlantic
[21,66]andthemaximaobservedin highproductivescenarios,suchasupwellingandriver
runoff, in otherwesternboundarysystems[20,67].

In relationto thebiodiversityin thissystem,amongseveralspeciesthatwereabundantover
thecontinentalshelfunderinfluenceof theARP,thehydromedusae�. ���������, �. ���������
and	. ���������, andthesiphonophores�. ������� and . !���� occurredalmostexclu-
sivelywithin thishabitat.	. ��������� wasrecentlydescribedfrom thestudyarea[68], perhaps
beinganendemicrepresentativeof theARPfauna. . !���� and�. ��������� aretypical
coastalwaterspeciesin theWesternAtlantic [5,21,39,69],thereforeits absencein theremain-
ing habitatsof thestudyareaareexpected.Distinctly, �. ��������� and�. ������� havebeen
reportedwith contrastingnichesin differentworks.In someof them,similar to our results,
theywerereportedascoastalwaterspecies[33,35,70,71]andothersashighsalineoceanicspe-
cies[30,72].Suchdifferencescanrepresentintraspecificvariabilityor evencrypticspecies.

Table2. Resultsof the analysisof variancetestingdifferencesin the abundanceof representative planktonic cnidarian speciesamongneritic andoceanicprovinces
inside(ARP) andoutside(Out ARP) the influenceof the AmazonRiverPlumeandTukeypost-hoctest. Significantp-values(< 0.05)arein bold.DifferentLetters
indicatesignificantpair-wisedifferenceamongareasin theTukeytest.Speciesaresortedaccordingto totalabundance.

Species F p Neritic Oceanic

Out ARP ARP Out ARP ARP

�����
� �����
���� 7.92 0.000 a b c c

����� ���������� 311.87 0.000 a b a a

���������� ������� 318.16 0.000 a b a a

��
��� ������ 15.35 0.000 a a b c

����
��� �

���������� 19.26 0.000 a a b b

������� �������� 13.89 0.000 a a b b

���������� ����� 19.07 0.000 a a b c

 ������� !���� 110.53 0.000 a b a a

��
��� ���
�� 12.21 0.000 a b a a

������ ��������� 17.41 0.000 a a b b

���������� �
������ 9.94 0.000 a a b c

������������� ���� 3.81 0.017 a a b b

�����
��� ��������� 10.93 0.000 a a b b

�����
��� ��������"�� 5.23 0.004 a a b b

������� ������ 7.68 0.000 a b c d

https://doi.org/10.1371/journal.pone.0290667.t002
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Fig 6. Geographicdistribution andabundanceof the dominant siphonophoresfound in the top 200m of the watercolumn (meanof 120
and300�m meshes)in October2012.��Exceptfor ������� ������. Speciesaresortedaccordingto totalabundance.

https://doi.org/10.1371/journal.pone.0290667.g006
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Fig 7. Clusteranalysisdendogramindicating five groupsof stationswith similar planktonic cnidarian
communities in the WesternEquatorial Atlantic Ocean.

https://doi.org/10.1371/journal.pone.0290667.g007
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In theportion of thecontinentalshelfoutsidetheinfluenceof theARP,asatypicalwestern
boundarysystemwherestrongcoastwardcurrentscarryoligotrophicoceanicwatersoverthe
shelf,weobservedhighsalinityoligotrophicwatersall alongits extension.Undersuchcondi-
tions,characteristicallyoceanicspecieswereexpectedto bepresentanddominantoverthe
continentalshelf[20,21].Instead,theholoplanktonichydromedusa�. �����
���� dominated
almostaloneandwith quitehighabundance,whileonly occasionalcatchesof otherspecies
wereobserved.�. �����
���� isabundantandwidelydistributedin neritic habitatsof theWest-
ernAtlantic [5,21,39,66,73].However,unlikeour results,moststudiesreportedthespeciesco-
occurringwith otherdominantspeciesin bothpurelycoastalassemblagesand/orcoastaland
openoceanmixedassemblages.ThecontinentalshelfoutsidetheAmazonbasinisgenerally
widerandmorecomplex,with severaleddies,internalwavesandhigh tideamplitude,thanthe
remainingTropicalWesternAtlantic [19,58,74].Suchcharacteristicsarelikely behindthepro-
cessesdifferencingthecnidarianassemblagebetweentheAmazonianshelfoutsidetheinflu-
enceof theARPandotheranalogoussystems.

In theopenoceanweobservedtheinfluenceof theARPalongtheNECC,whichisderived
from theNBCretroflexionandseasonallyspreadstheARPto theCentralAtlantic [43]. Dis-
tinctly from thecontinentalshelf,in thissystemwedid not observecontrastingdifferencesin
surfacefluorescencewhencomparingto theremainingopenocean.However,similar to the
continentalshelf,weindeedobservedanoxygenminimum layerbelowtheARPwaters

Table3. Resultsof Similarity Percentageanalysis(SIMPER),showingthe relativecontribution of planktonic cni-
darian speciesin the formation of the groupsdefinedin the Clusteranalysis.

Species A B C1 C2 C3

�����
��� ��������"� - - 5.2 4.2 4.4

�����
��� ��������� - - 11.9 6.9 4.6

������ �!��� - - - 2.1 2

������� �������� - - 11.2 9.9 10.7

������ ��������� - - 17.1 10.1 7.9

����������� ����!����� - - - - 2.1

����
��� �

���������� - - 18.8 13.4 8.2

������ ��������� - 6.8 - - -

��
��� ������ - - 10.8 9.9 13.1

��
��� ���
�� 8.1 11.5 - - -

���������� ������� - 16.3 - - -

���������� ����� - - - 10.8 11.2

���������� �
������ - - 11.3 7.7 -

Cerinulalarvae - 10.1 - - -

������ ���
������ - - - - 2.7

�����
� �����
���� 84.1 5.7 5 5.2 5.1

 ������� !��� - 14.6 - - -

������� ������ - 6.7 - 2.4 3.2

����� ���������� - 21.3 - - -

#�
������� '������ - - - - 2.1

������� ���������� - - - 1.8 1.9

����������� ������������� - - - - 1.6

������������� ������ - - - - 2.6

������������� ���� - - - 6.2 4.9

������������� ������� - - - - 2.3

https://doi.org/10.1371/journal.pone.0290667.t003
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(50~100m depth).In accordance,thedifferencesin theoceaniccnidarianassemblageinside
andoutsidetheinfluenceof theARPwerelesspreeminentthantheobservedovertheconti-
nentalshelf,but still notable.Thesamespeciesweredominantandasimilarnumberof species
wasobservedin theopenoceaninsideandoutsidetheinfluenceof theARP.Mostof thesespe-
ciesareholoplanktonic,andwithout abenthicpolypoidstagesthatcouldrequiresubstratafor
settlementin their life cycle[75,76],theyareableto dispersefreely.Thustheyaretypically
presentin tropicaloceanicwatersfrom theWesternAtlantic [21,77].Apparently,thelow
salinityobservedinsidetheoceanicARP,did not restrictedthedistribution of thesedominant
speciesthere.However,sinceour obliquezooplanktonsampleswereperformedfrom 200
metersdepthto surface,andthelow salinityARPwatersdid not exceed50metersdepth,spe-
ciesintolerantto lowersalinitycouldbedistributedbelowtheARP.A studyconsideringstrati-
fiedsamplesisnecessaryto clarify this issueproperly.In anycase,someof thesespeciesmay
beoccasionallyfound in low salinitiesinsideestuariesin theWesternAtlantic [78±80].

Despitetheabsenceof exclusivedominantspecies,differencesin speciesabundancewere
perceptiblebetweenthehabitatsinsideandoutsidetheARPin theopenocean.Althoughwe
did observedstrongdifferencesin fluorescencebetweenbothhabitats,which isanindicatorof
primary productivity,higherbiomassof cyanobacteria(primary producers)[81] andtotal zoo-
plankton(food for cnidarians)wereobservedalongtheoceanicregionunderinfluenceof the
ARP.Suchdifferencesalongthefoodweb,thehabitatcompressioncausedbytheoxygenmini-
mum zonebellowtheARPandthereducedsalinity(Fig9) arelikely responsiblefor thediffer-
encesweobservedin theplanktoniccnidarianassemblageabundancein theopenocean.

Conclusions
Thiswasthefirst detailedsurveyon thecnidarianassemblagestructurefrom amajor river
plumereachingmesoscaledimensionsin neritic andoceanicprovinces.Our resultsshowed
that thefreshwater,nutrientsandsedimentrunoff of theAmazonRivershapeshabitatswith a

Table4. Summaryof the RedundancyAnalysis(RDA) performedbetweenthe cnidarian assemblageandenviron-
mental explanatory variablesfrom the WesternEquatorial Atlantic Ocean.

Axis 1 Axis 2

Eigenvalues 0.378 0.17

Species-environment correlations 0.912 0.95

Cumulativevariance(%):

Of speciesdata 37.8 54.9

Of species-environmentrelationships 54.1 78.5

Correlationsof explanatory variables:

Neritic province 0.8967 -0.1822

Oceanicprovince -0.8967 0.1822

AmazonRiverPlume -0.005 0.6031

North BrazilCurrent 0.4703 -0.3454

North Equatorial CounterCurrent -0.4377 0.3145

Anticyclonic eddy 0.0142 0.283

Cycloniceddy 0.529 -0.476

Seasurfacetemperature -0.0872 0.2824

Seasurfacesalinity -0.1898 -0.8106

DissolvedOxygen -0.4794 0.4573

Fluorescence 0.2873 0.7395

Zooplankton Biomass 0.5882 0.3632

https://doi.org/10.1371/journal.pone.0290667.t004
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Fig 8. Redundancyanalysisrelating dominant planktonic cnidarian speciesto environmental gradients andmesoscaleprocessesin the Western
Equatorial Atlantic Ocean.�.��� * �����
� �����
����, �.��� * ��
��� ������, �.�� * ������� ��������, �.��� * ���������� �����, �.��� * ������
���������, �.��� * �����
��� ���������, �.��� * ������� ������, �.�

 * �����
��� �

����������, �.��� * �����
��� ��������"��, �.�� * �������������
����, �.��� * ��
��� ���
��, �.�!� * ������ �!���, �.�
� * ���������� �
������, �.��� * ������� ����������, �.��� * ����������� ����!�����, �.
��� * ������������� �������, #.'�� * #�
������� '������, �.��� * ������ ���
������, �.��� * ������ �������, �.�
+ * ������� sp.1,�.��� * �����������
�������������, �.��� * ������������� ������, �.��� * ����� ����������, �.�� * ���������� �������,  .!�� *  ������� !����, ARP= Presenceof Amazon
RiverPlume,NBC= North BrazilianCurrent,NECC= North EquatorialCountercurrent,Eddy+ = Anticyclonic eddy,EddyÐ = Cycloniceddy,SST= Sea
surfacetemperature,SSS= Seasurfacesalinity,DO = Dissolvedoxygen,Flu= Fluorescence,Zoo= Zooplankton Biomass.

https://doi.org/10.1371/journal.pone.0290667.g008
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thin surfacehighlyproductivesystemcompressedbyadeeperoxygenminimum zoneboth
overthecontinentalshelfandin theopenoceanin theWesternEquatorialAtlantic Ocean.
Wehypothesizedthatsuchhabitatstructureisparticularlyadvantageousto planktoniccnidar-
ians,whichhavelow metabolicratesandareableto survivein hypoxiczones,resultingin high
speciesrichnessandabundance.Asexpected,theWesternEquatorialAtlantic Oceanunder
theinfluenceof theARPrevealedacomplexsystem,with manyphysicalandbiogeochemical
processesoccurringsimultaneously.Thiscomplexitywasreflectedin thestructureof cnidarian
assemblage.
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