
Introduction

Currentlythereare32speciesknowninthe

genusPseudo-nitzschia（AMATO andMONT-

RESOR,2008;CLEVE,1897b;HASLE,1965;HASLE,

1993;LUNDHOLM etal.,2002a;LUNDHOLM and

MOESTRUP,2002;LUNDHOLM et al.,2003;

PRIISHOLM etal.,2002;SKOV etal.,1999;

TAKANO,1995）.Thetypespeciesofthegenus,

P.seriatawasrenamedfromNitzschiaseriata

CLEVE byPERAGALLO in（1897�1908）.Butit

wasonlyin1993thathalf,i.e.,14ofthespecies

weretransferredfrom NitzschiatoPseudo-

nitzschia（HASLE,1993）.

Studiesonthisgenusarenumerousparticu-

larlyinEuropeandNorthAmerica.Incontrast

studiesofPseudo-nitzschiainSoutheastAsia

remaintobescant.Notablearetaxonomic

worksbyLARSEN andNGUYEN（2004）that

identifiedPseudo-nitzschiaspeciesinVietnam

watersandPRIISHOLM etal.（2002）thatde-

scribedanew species,P.microporafoundin

Thailand.TAKANO andKUROKI（1977）found

sevenspeciesofPseudo-nitzschia,stillunder

Nitzschiathattime,invariouscoastalwaters

ofJapan.These are P.delicatissima（N.

actydrophila）,P.fraudulenta,P.multiseries

（N.pungensformamultiseries）,P.pungens,P.

pseudodelicatissima,P.subfraudulenta,andP.

turgidula.Regularsurveysofphytoplankton

inTokyoBayhavereportedthepresenceof

Pseudo-nitzschia,buttheiridentificationand

enumerationhavebeendoneonlyatthegenus

level.Asofthisyear2010,thereisnoclearas-

sessmentofPseudo-nitzschiaspeciescomposi-

tioninTokyoBay.Thusthepurposeofthis

studyistoelucidatespeciescompositionofthe

genusPseudo-nitzschiainTokyoBay.Descrip-

tionsanddocumentationsputforthhereare

formorphometriccharacterizationsoflocal

populationsandbaselinedataforfutureinves-

tigationsoftoxicornewlydiscoveredtaxato

furtherecologicalstudiesofPseudo-nitzschia

inthearea.
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MaterialandMethods

Fieldsampling

SamplescollectedbybucketfromOdaibasta-

tion（35°36�55��N,139°46�32��E）orbyVan

DornWaterSamplerfrom Stations3（35°33�
16��N,139°54�29��E）,8（35°25�24��N,139°51�42��
E）,15（35°36�24��N,139°57�48��E）andFuna-

bashi（35°38�43��N,139°59�19��E）inTokyoBay

（Fig.1）duringApril2008―August2009were

assessedforpresenceofPseudo-nitzschia.One

literofsamplewaspreservedwithneutralized

formaldehydeatafinalconcentrationofap-

proximately1%.Anotherliterofsamplere-

mainedunfixedforculturestrainsestablish-

ment.

Cultureestablishment

Pseudo-nitzschiacellswereisolatedbypick-

ing up singlechainsby capillary method

（THRONDSEN,1978）.Thesewerewashedatleast

threetimeswithsterilizedseawaterundera

compoundmicroscopeandplacedin24-well

platesfilledwithf/2media（GUILLARD,1975）.

Whencellsarenumerousenough,thesewere

thentransferredtoscrew cappedtesttubes

withthesamemedia.Thecultureconditions

wereasfollows:temperature15℃（and/or20

℃）,lightintensity100μmolphotonsm－2s－1

（daylightfluorescentlamps）,salinityat30and

12L:12Dphotoperiod.

Speciesobservationandspeciesconfirmation

byTEM

Lightmicroscope（LM）photomicrographs

weretakenoflivecellsfromthefield,inculture

andpreservedcleanedvalvesdevoidoforganic

material.Organicmaterialwasremovedfrom

thecellsasfollows:

AliquotsoffixedPseudo-nitzschiacellsfrom

fieldandlivecellsfrom culturesweretrans-

ferredto15mlcentrifugetubes.Thelivecells

were fixed with neutralized formaldehyde.

CellswerewashedwithmilliQwateratleast

threetimespriortoacidwashing.Centrifug-

ationsweredoneat35,000rpmfor10minutes.

Organic materialwas dissolved following

LUNDHOLM etal.（2002b）.Thecondensedsam-

ples（1ml）weretreatedwith0.2mlof30%sul-

furicacidand0.5�1mlofsaturatedpotassium

permanganate（KMnO4）solutionandwereleft

for24hours.Andthen1�2mlsaturatedoxalic

acid（（COOH）2）wasaddeduntilthepurple

colorturnedoutbeforethevalveswerewashed

severaltimeswithdistilledwatertowashout

theacids.Dropsofcleanedcellsweremounted

onformvarcoatedcoppergridsandallowedto

dry.ThesewerethenobservedunderaJEM

2000EX JEOLTransmissionElectronMicro-

scope（TEM）.Generalshapeofacell,itslength

andwidth,numberofporoidrows,numberof

poroidin1μm,numberofinterstriaein10μ

m,numberoffibulaein10μmandinnerporoid

featuresweremeasuredandnoted.Pseudo-

nitzschiaspecieswereidentifiedthefollowing

severalmanualsandrecentarticles（HASLEand

SYVERTSEN,1997;SKOVetal.,1999;LUNDHOLM

et al., 2002a and 2003; AMATO and

MONTRESOR,2008）.

Results

Culturestrains

Tenspeciesoutofthe11speciesofPseudo-

nitzschiafoundinTokyoBayfrom sampling

periodstartingApril2008 May2009werees-

tablishedintoculture（Table1）.Thesewerethe

following:P.americana（4）,P.brasiliana（3）,

P.caciantha（1）,P.calliantha（6）,P.delicatis-

sima（1）,P.fraudulenta（6）,P.galaxiae（1）,

P.multistriata（2）,P.multiseries（2）andP.

pungens（7）.Numbersinparenthesisarethe

numberofculturestrains,allnon-axenic,for

Lamer48,20102

Fig1.Mapofsamplingstations.（http://gmt.soest.
hawaii.edu/）
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eachspecies.Thesewereusefulformorpho-

metricmeasurementsofspeciesthatrarelyoc-

currede.g.:P.delicatissimaandP.galaxiae

andfortidyTEM photomicrographs.Datesof

isolationprovideinformationonthedaysa

particularspeciesappearedinthebayduring

thesamplingperiod.

SpeciesDescriptions

Descriptionsofeachspeciesinalphabetical

orderfollow herein.A summaryofmorpho-

logicalcharacteristicsofthesespeciesinTokyo

BayisshowninTable2.ExceptforP.delicatis-

simaandP.galaxiaemorphometricmeasure-

mentsofwhicharefromnewlyestablishedcul-

tures,allmeasurementsarefromfieldsamples

inTokyoBay.

Pseudo-nitzschia americana （HASLE）

FRYXELLinHASLE

Figs.2,12

LUNDHOLMetal.,2002a.pp.483�484,Figs.1�20.

ORLOVA andSHEVCHENKO,2002,pp.336�339,

Fig.1.KACZMARSKAetal.,2005,pp.4�7,Figs.

2�13,Table1.

Synonym:NitzschiaamericanaHASLE

3

Figs.2�11.LM micrographsof10species.
Fig.2.P.americana,Fig.3.P.brasiliana,Fig.4.P.galaxiae,Fig.5.P.caciantha,Fig.6.P.calliantha,Fig.
7.P.delicatissima,Fig.8.P.fraudulenta,Fig.9.P.multistriata,Fig.10.P.multiseries,Fig.11.P.pungens.
Figs.2,3,9:LMmicrographsoflivesamples;Figs.4�8,10:LMmicrographsofcleanedvalvesofcellsincul-
ture.Fig.11.DICmicrographofcellinculture.Scalebar=10μm.



HASLE,1964,pp.41�44,Pl.1,Fig.4,Pl.14,Figs.

13�19,Pl.15,Figs.7�10.

HASLE,1974,p.427.HASLE andSYVERTSEN,

1997,p.324,Pl.73.

MorphologicalDescription:

Cellsarelineartolanceolatewithbroadly

roundedendswithnocentralinterspacein

valveviewandalmostlinearwithcutendsin

girdleview.Thiscell・sapicalaxisisbetween15

�21μmandtransapicalaxisabout2.3�2.9μm.

Tworowsofporoids,sometimesthreearepre-

sentinstriae（circledwitharrow,Fig.12b）.

Poroidsin1μmareabout8�10.Interstriaein

10μm areabout38�43,andfibulaein10μm

arefrom19�23.

OccurrenceinTokyoBay:

ThisspecieswasobservedinMarch,April,

June,July,AugustandSeptemberattempera-

turesof14.5�27.5℃ andsalinityat31�34.P.

americanaisreportedtoforthefirsttimehere.

LUNDHOLMetal.（2002a）reportedP.americana

fromJapan（34°50�,139°31�）tobeepiphyticto

Chaetoceros.WealsofoundP.americanatobe

epiphytictosomeChaetocerosspeciese.g.:C.

affinis,C.lorenzianous,C.socialisamongoth-

ersfromTokyoBay（Fig.23）.

Remarks:

ThisspecieswasfirstdescribedasNitzschia

americanabyHASLEin1964.Itwasrecentlyre-

definedbyLUNDHOLMetal.（2002a）toseparate

twospecieswithinP.americanacomplex,P.

brasilianaandP.linea.

Lamer48,20104

Table1.StrainsofPseudo-nitzschiaandtheircorrespondingoriginanddatesofisolation.

Name StrainNo. Origin DateofIsolation Collector/Isolator

P.americana
P.americana
P.americana
P.americana
P.brasiliana
P.brasiliana
P.brasiliana
P.caciantha
P.calliantha
P.calliantha
P.calliantha
P.calliantha
P.calliantha
P.calliantha

P.delicatissima
P.fraudulenta
P.fraudulenta
P.fraudulenta
P.fraudulenta
P.fraudulenta
P.fraudulenta
P.galaxiae

P.multiseries
P.multiseries
P.multistriata
P.multistriata
P.pungens
P.pungens
P.pungens
P.pungens
P.pungens
P.pungens
P.pungens

TBaM01
TBaA01
TBaA02
TBaA03
TBbA01
TBbS01
TBbS02
TBcc03
TBcl1101
TBcl1102
TBcl2502
TBcl2503
TBcl2507
TBcl2508
TBd05
TBfJ02
TBf1101
TBf1102
TBf2504
TBf2505
TBf2506
TBg01
Kums
TBms01
TBma01
TBma02
TBpuA00
TBpuA01
TBpuA03
TBpuJ01
TBpuJ02
TBpuJ03
TBpu03

TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
Kushimoto,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP
TokyoBay,JP

16March2009
04April2009
04April2009
04April2009
09April2008

24September2008
24September2008
18November2008
11May2009
11May2009
25May2009
25May2009
25May2009
25May2009
07July2008
07July2008
11May2009
11May2009
25May2009
25May2009
25May2009
25May2009
5March2008
15June2008
21October2008
21October2008
15April2008
15April2008
15April2008
07July2008
07July2008
07July2008
16March2009

L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto

T.OMURA/L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
L.Yap-Dejeto
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TypelocalityofP.americanaisinAtlantida,

Uruguay（LUNDHOLM etal.,2002a）.P.ameri-

canaisacommonepiphyteonChaetoceros,

Odontella（LUNDHOLM etal.,2002a）andsome-

timesBacteriastrum（FRYXELL etal.,1990;

HASLEandSYVERTSEN1997）.Ithasbeenfound

intropicaltotemperatewatersintheworld

（LUNDHOLM etal.,2002a）.

Pseudo-nitzschia brasiliana LUNDHOLM,

HASLEandFRYXELL

Figs.3,13

LUNDHOLM etal.,2002a,pp.484�487,Figs.21�
45.

LARSEN andNGUYEN,2004,pp.30�31,Pl.III,

Figs.1,3�4.VILLACetal.,2005,pp.139�145,

Figs.2�3.QUIJANO-SCHEGGIA etal.,2009a,pp.

100�107,Fig.2.

MorphologicalDescription:

Cellsarebroadly linear,cigarette-shaped

withbroadlyroundedtipsinvalveviewandlin-

earwithtruncateendsingirdleview.Apical

axisisfrom23�52μmandtransapicalaxisat

2.4�3μm.Nocentralinterspaceisfound.Two

rowsofporoids,sometimesthreenearthebor-

derbetween valvefaceandmantlecan be

clearlyseenunderTEM（Fig.13b）.Poriodsin

1μmareabout7�8.5smallandcloselyspaced.

Interstriaein10μm areabout24�26andthe

fibulaein10μm areintherangeof19�24.

Overlapofchainsiswithin1/8�1/11ofthe

cell・slength.

OccurrenceinTokyoBay:

Thisspecieswasobservedduringthemonths

ofApril,July,andSeptemberattemperatures

of14.5�26.4℃andsalinityat33�34.P.brasilia-

naisreportedforthefirsttimehere.

Remarks:

Theapproximatelyequalnumberoffibulae

andstriae,thecoarsersilicification,thesingle

rowofporoidsinthegirdlebands,theslightly

longerlength,theformationofsteppedcolo-

niesandtheplanktonicmodeoflivingare

5

Table2.MorphometriccharacteristicsoftheelevenspeciesobservedduringApril2008-August2009inTokyo
Bay.Numbersinitalicsfoundbelowanentryarefromoriginaldescriptionsofthespecies.
（*AMATOetal.,2007;**basedfromphotomicrographoforiginaldescription）

Shape
central
interspace

length
（μm）

width
（μm）

rowsof
poroids

poroids
in1μm

Interstriae
in10μm

Fibulae
in10μm

poroid
sectors

P.americana
（n=18）

linear absent
15�21
16�24

2.3�2.9
2.5�4.5

2�3
2�3

8�10
8�10

38�43
26�31

19�23
18�24

P.brasiliana
（n=14）

linear absent
23�52
12�65

2.4�3
1.8�1.6

2�3
2�3

7�8.5
7�10

24�26
20�26

19�24
20�26

P.caciantha
（n=6）

lanceolatepresent
32�33
53�75

2.1�2.2
2.7�3.5

1
1

3�5
3.5�5

32�35
28�31

16�19
15�22

2�6
2�6*

P.calliantha
（n=50）

linear present
69�87
44�86

1.3�2.3
1.4�4.7

1
1

3�5
4�6

32�39
34�39

15�20
17�22

4�13

several

P.delicatissima
（n=20）

linear present
50�65
40�78

1.3�1.5
1.1�2

2
2

11�12
10�12

36�38
36�41

23�25
19�25

P.fraudulenta
（n=26）

spindle-
shaped

present
55�89
50�119

3.4�10
4.5�10

2�3
2�3

4.5�7
5�7

21�27
18�24

19�25
12�24

P.galaxiae
（n=20）

lanceolatepresent
24�25
25�41

1.5�1.6
1.2�1.7

― ― 55�57
56�64

15�16
16�26

P.multistriata
（n=44）

linear absent
47�53
55�65

2.3�3.2
3.1�3.6

2
2

9�12
11**

40�42
37�42

24�29
23�26

P.multiseries
（n=22）

linear-
lanceolate

absent
76�89
68�140

2.9�5.6
3.4�6

3�6
3�4

5�6
4�6

11�16
10�19

12�16
10�19

P.pungens
（n=32）

linear-
lanceolate

absent
70�92
74�174

2.9�5
2.4�5.3

2
1�2

3�5
3�4

11�17
9�16

12�17
6�16

P.pseudodeli-
catissima（n=1）

linear present
―
50�140

1.8
0.9�1.6

1
1

4�4.8
4�6

30
30�46

16
14�16

2
2



featuresdistinguishingP.brasilianafrom P.

americana underLM.P.brasiliana differs

fromP.americanaunderEM bythemorpho-

metricmeasurementsfoundinTable2.

TypelocalityofthisspeciesisinSepetiba

Bay,Brazil（LUNDHOLM etal.,2002a）.P.bra-

silianaisdistributedmainlyinwarmerwaters.

Brazil,Vietnam,GulfofPanama,GulfofMex-

ico,GulfofCalifornia,Vietnam,Indonesia（Ja-

kartaHarbour）,ThailandandJinhaeBay,and

S.Korea（LUNDHOLM etal.,2002a）.

Pseudo-nitzschia caciantha LUNDHOLM,

HASLEandFRYXELL

Figs.5,14

LUNDHOLMetal.,2003,pp.806�809,Figs.5A-F,

Table2.

Synonym:P.pseudodelicatissima （HASLE）

HASLE1993proparte

MorphologicalDescription:

Cellsatvalveview arelanceolatetapering

fromthemiddletowardsthetipsandappearal-

mostasymmetrical.Acentralinterspaceispre-

sent（Fig.14a,arrowhead）.Itsapicalaxisis

around 32�33μm and around 2.1�2.2μm

Lamer48,20106

Figs.12�21.TEM micrographsofspeciesobservedinTokyoBaybroughtinculture.
Asetofmicrographsperspeciesconsistsof:thewholevalve（a）,valvetip（b）,andasectionofthevalve
showingpores（c）.Fig.12.P.americana（arrowpointtocircledstriaewith3rowsofporoids）,Fig.13.P.
brasilianaFig.14.P.caciantha,Fig.15.P.calliantha,Fig.16.P.delicatissima,Fig.17.P.fraudulenta,Fig.
18.P.galaxiae,Fig.19.P.multistriata,Fig.20.P.multiseries,Fig.21.P.pungens.Scalebars:（a）=10μm;
valvesectionshowingporesandtip（bandc）=1μm.Arrowheadspointtocentralinterspaces,respectively.
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transapicalaxis.Onerowofporoidisfoundin

striae.Poroidsarelargeandare3�5inevery

1μm partlyclosedbyamembranewith2�6

sectorsofporoidhymen（Fig.14c）.Interstriae

in10μm areabout32�35,whilefibulaein10

μmareabout16�19.

OccurrenceinTokyoBay:

ThisspecieswasobservedinTokyoBaydur-

ingthemonthsofJulyandNovemberattem-

peraturesof16.9�24.1℃ andsalinityat31�33.

P.cacianthaisreportedforthefirsttimehere.

Remarks:

ThisspecieswasdescribedbyLUNDHOLM et

al.（2003）from P.pseudodelicatissimacom-

plex.P.cacianthaisdistinguishedfrom the

・true・P.pseudodelicatissimabymorphometric

measurementobservedunderEM（Table2）.

ThemorphometricmeasurementsofP.caci-

anthafromthisstudymatchedupmorewitha

newlydescribedspecies,P.mannii（AMATOand

MONTRESOR,2008）thanwithP.cacianthain

termsoflength:measurementsforthisspecies

wasat32�38μm,P.manniwasat33�130μm

whileP.cacianthawasat53�75μm;width:this

studyat2.1�2.2μm,P.manniat1.7�2.6μm,P.

cacianthaat2.7�3.5μm;interstriaein10μm:

thisstudyat32�38,Pmanniat30�40,P.caci-

anthaat28�31andfibulaein10μm:thisstudy

at16�19,P.manniat17�19,P.cacianthaat15�
22.ButaccordingtoAMATO andMONTRESOR

（2008）,P.manniisprimarilydifferentiated

from P.cacianthainthreeaspects:（1）the

valveshapewhichislinearinP.manniwhile

lanceolateinP.calliantha,（2）cellwidth,and

（3）thepatternofsectorsinP.cacianthawhere

theporoidsdonotbearacentralsectorwhileP.

mannihas3.6%poroidsbearingcentralsectors.

Ourstrainislanceolateandallporoidsdonot

haveacentralsector.Thusthiswasidentified

asP.caciantha.

TypelocalityofthisspeciesisOffTuxpam,

Mexico（LUNDHOLM etal.,2003）.Thiswas

foundinMexico,AndamanSea,nearPhuket

IslandThailand（LUNDHOLM etal.,2003）.

Pseudo-nitzschia calliantha LUNDHOLM,

MOESTRUPandHASLE

Figs.6,15

LUNDHOLM etal.,2003,pp.801�804,Figs.2,A-

G,Table2.

BARGU etal.,2002,pp.480�482,Figs.1�2.

LARSENandNGUYEN,2004,pp.32�33,Figs.5�8.

CAROPPOetal.,2005,pp.763�774,Figs.3aand

c.FEHLING etal.,2006,pp.32�33,Figs.5�8.

BESIKTEPEetal.,2008,p.440,Figs.2�3.

Synonym: P. pseudodelicatissima（HASLE）

HASLE1993proparte

HASLEetal.,1996,pp.149�150,Figs.26�29,76�
81,Tables1,2,8.

SKOVetal.,1999,pp.13�15,Figs.10A-G.PHLIPS

etal.,2004,pp.41�42,Fig.2.

MorphologicalDescription:

Cellsatvalveview arestraightandlinear

andabruptlytapertoroundedtips.Acentral

interspaceispresent（Fig.15a,arrowhead）.A

singlerow ofporoidsandabout3�5large

poroidsin1μmarefoundinstriae.Eachporoid

is divided by hymen to form ・flower

（calliantha）likeappearance,withone・central

disc・andaboutfourto13・petals・aroundit

（Fig.15c）.Interstriaein10μmareabout32�
39;fibulaein10μmarefrom15�20.Itsapical

axisisrunsfrom 69�87μm andtransapical

axisat1.3�2.3μm.

OccurrenceinTokyoBay:

Thisspecieswasobservedduringthemonths

ofMay,June,July,August,Septemberand

Novemberattemperaturesof17.8�27.5℃ and

salinityat31�33.P.callianthaisreportedfor

thefirsttimehere.

Remarks:

P.calliantha is distinguished from the

・true・P.pseudodelicatissimabythefollowing

featuresobservedunderEM:Poroidsin1μm

forP.callianthais4�6whileforP.pseudodeli-

catissima,itwas5�6.Interstriaein10μmfor

P.callianthaare34�39whileP.pseudodelica-

tissimaisat36�43.Fibulaein10μm forP.

callianthaareat17�22whileP.pseudodelica-

tissimaisat20�25.InnerporoidsectorsofP.

callianthaare7�10withcentralporoidsector

whileP.pseudodelictassimahasonlytwosec-

tors.

Typelocality ofthisspeciesisin Ejby,

Isefjorden,Sealand,Denmark（LUNDHOLM et
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al.,2003）.Thisiscosmopolitan（SKOV etal.

1999,LUNDHOLM etal.,2003）.

Pseudo-nitzschia delicatissima （CLEVE）

HEIDEN

Figs.7,16

HEIDENandKOLBE,1928.

HASLEetal.,1996,pp.147�149,Figs.23�25,70�
75,Tables1,2,7.SKOV etal.,1999,pp.8�13,

Figs.9A-J.STEHR,etal.,2002,p.59,Figs.3G

andH.CUSACKetal.,2004,pp.58�71,Pl.V.

LARSEN andNGUYEN,2004,pp.35�36,Pl.IV,

Figs2,4,8.CAROPPOetal.,2005,pp.765,Fig.

3C.KACZMARSKAetal.,2005,p.8,Figs.14�23.

FEHLING et al.,2006,pp.95�97,Fig.B.

LUNDHOLMetal.,2006,pp.467�470,Figs.1A-G,

Table4.SCHNETZER etal.,2007,pp.377�378,

Figs.4candd.

Synonym:NitzschiadelicatissimaCLEVE

CLEVE1897b.p.24.

NitzschiaactydrophilaHASLE

HASLE,1965,pp.35�37,Pl.2,Fig.10,Pl.15,

Figs.19�23,Pl.16,Figs.3�7.

Pseudo-nitzschiaarenyesisQUIJANO-SCHEGGIA,

GARC�S,LUNDHOLM

QUIJANO-SCHEGGIA etal.,2009b,pp.506�508,

Figs.30�34.

MorphologicalDescription:

Cellsinvalveview arenarrow andlinear-

lanceolatewithstraightcuttipswhilelinear

withstraightcutendsingirdleview.Acentral

interspaceispresent（Fig.16a,arrowhead）.

Therearetworowsofporoids（Fig.16b）and

about11�12smallporoidsin every 1μm.

Interstriaein10μmareabout36�38;fibulaein

10μmareabout23�25.Apicalaxisaround50�
65μm andtransapicalaxisat1.3�1.5μm.

Overlapofchainsiswithin1/7�1/10ofthe

cell・slength.

OccurrenceinTokyoBay:

Thisspecieswasobservedonceonthemonths

July,2008attemperatureof24.1℃andsalinity

at31.

Remarks:

P.delicatissimacanbeeasilydistinguished

fromP.pseudodelicatissima,P.cacianthaand

P.callianthabyhavingtworowsofporoids

insteadofoneastheotherthreespecieshave.It

ismorelinearthanP.cacianthaandhaswider

transapicalaxiscomparedtoP.pseudodelica-

tissimaandP.calliantha.Itsendsseemcut-off

whenviewedunderLM（Fig.7）.

The name Pseudo-nitzschia arenyesis

QUIJANO-SCHEGGIA,GARC�S,LUNDHOLM iscon-

sideredhereasasynonymofP.delicatissima.

DiagnosisforthisnamecomparedwithP.

delicatissimastipulatesthatthereisnodiffer-

encemorphologicallybetweenP.delicatissima

andP.arenysensis,butinhelixIofITS2rDNA

（QUIJANO-SCHEGGIAetal.,2009b）.Considering

thatITS2isnottranscribedanditshigh

intraspecificvariability,makethisaweakcri-

terionforspeciesdetermination.Otherregions

ofDNAshouldbeinvestigatedandcompared.

Furtherstudiesshouldbemadetofinddistin-

guishing morphologicalcharacteristicsthat

separatesP.delicatissimaandP.arenyesis.

TypelocalityforP.delicatissimaisnotdes-

ignated.Thisiswidelydistributedinarctic

（CAROPPOetal.,2005;SKOVetal.,1999）,tem-

perate（TAKANO andKUROKI,1977;FRAGA et

al.,1998;SKOVetal.,1999;CUSACKetal.,2004;

KACZMARSKAetal.,2005;FEHLINGetal.,2006,

SCHNETZERetal.,2007）,andsubtropicalwaters

（HASLE,1965;SKOV etal.,1999;LARSEN and

NGUYEN,2004）.

Pseudo-nitzschiafraudulenta（CLEVE）HASLE

Figs.8,17

HASLEetal.,1996,pp.144�146,Figs.17�19,57�
61,Tables1,2,6.

STEHR,etal.,2002,p.59,Figs.3G andH.

CUSACKetal.,2004,pp.58�72,Pl.IV,Figs.a-f.

KACZMARSKAetal.,2005,pp.8�11,Figs.14�23.

FEHLING et al.,2006,pp.97�98,Fig.C.

CONGRESTRIetal.,2008,p.201,Figs.2a-f.

Synonym:NitzschiafraudulentaP.T.CLEVE

CLEVE1897a,p.300,Fig.11.

HASLE 1965,pp.15�18,Pl.1,Figs.2�3,Pl.4,

Figs.8�10,Pl.6,

Figs.5�10,Pl.8,Figs.13.TAKANOandKUROKI,

1977,p.43,Figs.3,14�18.

Pseudo-nitzschiaseriatavar.fraudulenta（P.T.

CLEVE）H.PERAGALLO

H.PERAGALLOinH&M PERAGALLO,1900.

Lamer48,20108



11Pseudo-nitzschiaspeciesinTokyoBay

MorphologicalDescription:

Cellsinvalveviewaresymmetricandspindle-

shaped with straightcuttips.A central

interspaceispresent（Fig.17a,arrowhead）.

Twoorafewtimesthreerowsofporoidsand

about4.5�7poroidswithstar-shapedmem-

branesinevery1μmareinstriae（Fig.17b）.

Interstriaein10μm areabout21�27;19�25

fibulaein10μm.Apicalaxisisaround55�89

μmand3.4�10μmtransapicalaxis.

OccurrenceinTokyoBay:

ThisspecieswasobservedinMay,Juneand

Julyattemperaturesof18.8�24.1℃ andsalin-

ityat31.

Remarks:

P.fraudulenta,likeP.delicatissima has

striaewhichconsistedoftworowsofporoids

andvalveswithcentralinsterspace.Butitis

verydifferentfromP.delicatissimabecauseit

iswidermorelanceolateorspindle-shaped;

moreheavilysilicifiedthanthelatter,andhas

largerporeswithstar-patternedinnerporoids

withineachpore.

TypelocalityofthisspeciesisinPlymouth

Harbour,England（HASLE etal.,1996）.Re-

portsofitsoccurrenceincludeAtlanticMoroc-

canwaters,N.Atlantic;Skagerrak（HASLE,

1965）,andtemperatewaters（TAKANO and

KUROKI,1977;RINESetal.,2002;CUSACKetal.,

2004;KACZMARSKAetal.,2005;FEHLINGetal.,

2006;ALMANDOZetal.,2007）.

Pseudo-nitzschia galaxiae LUNDHOLM and

MOESTRUP

Figs.4,18

LUNDHOLM andMOESTRUP,2002,pp.596�601,

Figs.1�22.

CERINOetal.,2005,pp.347�39,Figs.1A-E,2A-

H.

MorphologicalDescription:

Cells in valve view are lanceolate with

rostrateapices.Acentralinterspaceispresent

（Fig.18a,arrowhead）.Rowsofporoidsare

tiny,about3�4μmwide.Poroidsareverytiny

（Fig.18c）andspreadalloverthevalve.These

aredifficulttocount.Interstriaein10μm is

about55�57andfibulaein10μmisabout15�16

andbarelyseeninLM.Thistinycellhasan

apicalaxisofaround24�25μmand1.5�1.6μm

transapicalaxis.Chainsofabout2�4cellswere

observedinculture.

OccurrenceinTokyoBay:

ThisspecieswasobservedonceinMay,2009

attemperatureof18.8℃ andsalinityat31.

Remarks:

P.galaxiaeisalsoatinyspeciesalmostthe

samesizeasP.americanaandP.brasiliana.

UndertheLM,itmaybemistakenforP.bra-

silianaasitisalsoplanktonicandformshort

chains.ButitisverydifferentfromP.america-

naandP.brasilianawhenviewedunderthe

EM.P.galaxiaehasacentralinterspacewhile

thetwootherspeciesdonothaveone.Itsshape

taperstorostrateendswhiletheformertwo

speciesarelinear.P.americanaandP.brasilia-

nahavedistinctlyroundporoidsarrangedin

tworows.ButP.galaxiaehavevery tiny

poroidsscatteredalloverthevalvewhichare

notarrangedinrows.

Typelocality forthisspeciesisin Off

Tuxpam,Mexico（LUNDHOLM andMOESTRUP

2002）.ThisisalsofoundinCaribbeancoastof

MexicooffTuxpam;Sydney,N.S.W.Australia;

Bay of Naples, Italy （LUNDHOLM and

MOESTRUP2002;CERINOetal.,2005）.

Pseudo-nitzschia multistriata （TAKANO）

TAKANO

Figs.9,19

TAKANO,1995,pp.73�74.RHODESetal.,1998,

pp.463�465,Figs.1A-F.LARSENandNGUYEN,

2004,pp.41�43,Pl.VII,Figs.1�4.

Synonym:Nitzschiamultistriata

TAKANO,1993,pp.39�41,Figs.A-E,Table1.

MorphologicalDescription:

Cellsatvalveviewarenarrow,linear,taper-

ingneartheendsforalongerorshorterdis-

tancetowardsroundedapices.Thereisno

centralinterspace.Tworowsofporoidsand

about9�12poroidsarefoundin1μm（Fig.

19c）.Interstriaein10μmareabout40�42,and

fibulaein10μmrangefrom24�29.Apicalaxis

isaround47�53μmandtransapicalaxisat2.3�
3.2μm.Therearealso two typesofP.
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multistriataencounteredhereasoriginallyde-

scribed:onewithuniform striationsandan-

otherwithunevenstriations（Figs.24aandb）.

OccurrenceinTokyoBay:

ThisspecieswasobservedinJune,July,

August,SeptemberandOctoberattempera-

turesof19.9�27.5℃ andsalinityat31�34.

Remarks:

P.multistriatamaybedistinguishedbyits

curvedendsorcharacteristicsigmoidshape

whenobservedingirdleviewunderLM（Fig.

19）.Valvesofthisspecieshavestriaewhich

consistedoftworowsofporoidssimilartoP.

fraudulentaandP.delicatissima.Unlikethese

twospecies,P.multistriatahasnocentral

interspace.

TypelocalityforthisspeciesisinFukuoka

Bay,Japan（TAKANO,1993）.Reportsofitsdis-

tributionincludeChina（QIetal.1996）,Gulfof

Naples,Italy（SARNO andDAHLMANN,2000）,

Japan,Korea,Malaysia,Vietnam（LARSENand

NGUYEN,2004）andinSeaofJapan（ORLOVAet

al.,2008）.

Pseudo-nitzschiamultiseries（HASLE）HASLE

Figs.10,20

SKOVetal.,1999,pp.15�17,Figs.11A,B,G,I.

STEHR,etal.,2002,p.58,Figs.2BandC.

KACZMARSKAetal.,2005,pp.11�12,Figs.30�34.

Synonym:Nitzschiapungensf.multiseriesG.

R.HASLE1965

HASLE,1965,pp.14�15,Pl.2,Figs.1�2,Pl.5,

Figs.10�12,Pl.6,Fig.4,Pl.7,Figs.9�11.

TAKANOandKUROKI,1977,p.43,Figs.2,10,12

�13vix9,11.

Pseudo-nitzschiapungensf.multiseriesG.R.

HASLE1993

HASLE,1993,p.39.VILLACetal.,1993,pp.215�
217,Figs.1�2.

MorphologicalDescription:

Cellsaresymmetricandlinear-lanceolatein

boththevalveandgirdleviews.Thereisnocen-

tralinterspace.Apicalaxesareat76�89μm

andtransapicalaxisat2.9�5.6μm.Three（Fig.

20c）anduptosix（notinphoto）rowsof

poroidsarefoundinastriaewithabout5�6

poroidsinevery1μm（Fig.20c）.Interstriaein

10μmareabout11�16,fibulaeabout12�16in

10μm.

OccurrenceinTokyoBay:

ThisspecieswasobservedinApril,May,

June,July,AugustandSeptemberattempera-

turesof14.5�27.5℃ andsalinityat31�34.

Remarks:

P.multiserieswasformerly calledasP.

pungensf.multiseries（HASLE,1965）.Thisis

nowconsideredasaseparatespeciesfrom P.

pungensbasedonmorphological,physiological

andgeneticdata（HASLE,1995）.Morphological

characteristicsthatseparateP.multiseries

from P.pungensarethedifferentnumberof

rowsofporoids（HASLE,1965）.P.multiseries

hasthreeandasmanyassixrowsofporoids

especiallyneartheborderbetweenvalveface

andmantle.P.pungenshasthreetofour

poroidsin1μmwhileP.multiserieshasfourto

sixporoidsin1μm.

TypelocalityofthisspeciesisinDr�bak,

Oslofjord,Norway.Reportsofitsdistribution

aremainlyintemperatewaters（HASLE,1965;

SKOV etal.,1999;TAKANO andKUROKI,1977;

KOTAKIetal.,1996;ORLOVAetal.,2008）.

Pseudo-nitzschia pungens（GRUNOW ex

CLEVE）HASLE

Figs.11,21

HASLEetal.,1996,pp.138�140,Figs.3�6,30�37,

Table1�3.

SKOV etal.,1999,pp.17�19,Figs.11C-F,H.

STEHR,etal.,2002,pp.57�58,Figs.2AandB.

CUSACKetal.,2004,pp.58�63,Pl.1,Figs.a-j,

Table2.LARSENandNGUYEN,2004,pp.43�45,

Pl.VIII,Figs.1�3.

CHEPURNOVetal.,2005,pp.382�383,Figs.3,4�
6,Table2.KACZMARSKAetal.,2005,p.16,Figs.

48�52.

Synonym:NitzschiapungensGrunowexP.T.

CLEVE1897b

HASLE,1965,pp.12�14,Pl.1,Figs.4�5,Pl.5,

Figs.7�9,Pl.6,Fig.3,Pl.7,Figs.1�8.

MorphologicalDescription:

Cellsaresymmetricandlineartolanceolate

inboththevalveandgirdleviews.Apicalaxis

isaround70�92μmandtransapicalaxisat2.9�

Lamer48,201010
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5μm.Nocentralinterspacecanbeobserved.

Tworowsofporoidsarepresent（Fig.21c）and

about3�5poroidsinevery1μm arecounted

（fig.21b）undertheTEM.Interstriaein10μ

mareabout11�17;fibulaeat12�17.Overlapof

chainsiswithin1/3�1/4ofthecell・slength.

OccurrenceinTokyoBay:

ThisspecieswasobservedinMarch,April,

May,June,July,AugustandSeptemberat

temperaturesof12.3�27.5℃ andsalinityat31�
34.

Remarks:

P.pungenshaslargerporesandisthemost

heavilysilicifiedbasedonsharpnessofTEM

micrographs among all Pseudo-nitzschia

speciesinthisstudy.Theinterstriaeofthis

speciesarewidelyspacedasanotherspecies,P.

multiseries.This,plustheresemblancewith

sizeandshapemadethesetwospeciesappear

similar.Thenumberofrowsofporoidsdistin-

guishesP.pungensfrom P.multiseries（Figs.

20c,21c）.P.pungenshastworowsofporoids

thatconsistedoflargerporoidswhileP.multi-

serieshasthreeormore.

TypelocalityofthisspeciesisinYeddoBay

（TokyoBay）,Japan（HASLE,1965）.HASLEand

FRYXELLin1995reportedthistobeacosmo-

politanspecies.Thiswasfurthersupportedby

CASTELEYN etal.（2008）whoreportedglobal

distributionofonestrainofP.pungens.

Pseudo - nitzschia pseudodelicatissima

（HASLE）HASLE

Fig.22

11

Fig.22.TEM micrographofavalvesectionofP.
pseudodelicatissima showing poresandinner
porefeaturedividedintotwo.Scalebar=1μm.

Fig.23.LM micrographofP.americana（shownby
arrows）epiphytictoChaetocerosaffinis.Scale
bar=20μm.

Fig.24.TEM micrographofP.multistriata（a）
regularstriationsofinterstriae,（b）irregular
striationsofinterstriae.Scalebar=1μm.



LUNDHOLM etal.,2003,p.801.Figs.1A-G,Ta-

ble2.nonHASLEetal.,1996,pp.149�150,Figs.

26�29,76�81,Tables1,2,8.nonSKOV etal.,

1999,pp.13�15,Figs.10A-G.nonCUSACKetal.,

2004,pp.58�63,Pl.VI,Figs.a-f.nonPHLIPSet

al.,2004,pp.41�42,Fig.2.nonFEHLINGetal.,

2006,pp.95�97,Fig.C.KACZMARSKA etal.,

2005,pp.12�16,Figs.non35�38vix39non10�
47.

Synonym:NitzschiapseudodelicatissimaG.R.

HASLE1976

TAKANOandKUROKI,1977,p.44,vixFigs.21�
25.

NitzschiadelicatulaHASLE1965

HASLE,1965,pp.37�40,Pl.4,Figs.4�5,Pl.16,

Figs.8�18,Pl.17Figs.1�16non14�16.

MorphologicalDescription:

Therewasonlyonebrokenvalveofthiscell

observedduringthesamplingperiod.Itislin-

earinshap.Acentralinterspaceispresentfor

this species（not found in micrograph）.

Transapicalaxiswasat4.8μm.Apicalaxis

wasnotmeasuredsinceanintactvalvewasnot

observed.Asinglerowofporoidswasfoundin

striaeandporoidsin1μm isabout4�4.8,di-

videdbyamembraneinto2sectorsofinner

poroids.Interstriaein10μmwerecalculatedto

about30andfibulaein10μmat16.

OccurrenceinTokyoBay:

ThisspecieswasobservedonJuly,2009at

temperatureof24.5℃ andsalinityat31.

Remarks:

P.pseudodelicatissimaisrecentlyemended

byLUNDHOLM etal.（2003）.Thisspecieswas

splitinthree;P.pseudodelicatissima,P.cacian-

thaandP.callianthabasedoninnerporoid

featuresamongothers.Thispublicationdistin-

guishedthesethreespeciesmainlybysectors

dividing each poroid wherein 7�10 in P.

calliantha,2inP.pseudodelicatissimaand4�5

or2�6（AMATO etal.,2007）inP.caciantha

withnocentralperforatedarea.ItwasonlyP.

callianthawhichhadacentralperforatedarea

surroundedbysimilarsizedsectorsinsideits

poroid.P.pseudodelicatissimaat50�140μmin

length,1.5�3.4μm inwidth,30�46interstriae

and14�26fibulaeper10μm（HASLE,1965）was

emendedbyLUNDHOLM etal.（2003）to54�87

μmlength,0.9�1.6μmwidth,36�42and20�25

in10μmrespectively.

IdentificationofP.pseudodelicatissimacom-

plexbeforeandevenafterLUNDHOLM etal.,

2003needtoberestudiedtoascertainproper

identificationofspecies.Forexample,Figs.1�
16inHASLE（1965）identificationsinHASLEet

al.（1996）,SKOVetal.（1999）andPHLIPSetal.

（2004）based on innerporoid featuresare

clearlyP.calliantha.Figuresin,FEHLINGetal.

（2006）CUSACKetal.（2004）andKACZMARSKA

etal.（2005）havefoursectorsandthuscouldbe

P.caciantha or P.mannii（AMATO and

MONTRESOR,2008）.Innerporoidfeaturesof

figuresinTAKANOandKUROKI（1977）arenot

visible.

TypelocalityforthisgenusisinDenmark

Strait.Otherreportsofitoccurrencearenear

IcelandoffCostaNova,PortugalandNapoli,

Italy（LUNDHOLM etal.,2003）.

Discussion

DuringthesurveyconductedinApril2008

August2009inTokyoBay,11speciesof

Pseudo-nitzschiawhichwerecriticallyidenti-

fiedusingTEM areyielded.Thisreportof11

speciesfoundinonebayishighercomparedto

reportsinotherbayse.g.eight,inIrishwaters

（CUSACK et al., 2004） and Argentina

（ALMANDOZetal.,2007）andseveninBayof

Fundy,Canada（KAKZMARSKA etal.,2005）.

FurtherstudiesofPseudo-nitzschiain this

area,e.g..ecologicalinnatureshouldprove

productive.Speciespreviouslyreportedtopro-

duce domoic Acid are the following:P.

calliantha（LUNDHOLM etal.,2003;BESIKTEPE

etal.,2008）,P.delicatissima（SMITH etal.,

1991）,P.fraudulenta（RHODESetal.,1998）,P.

galaxiae（CERINOetal.,2005）,P.multistriata

（SARNO andDAHLMAN,2000;AMATO etal.,

2010）,P.multiseries（BATESetal.,1989;KOTAKI

etal.,1996）,P.pungens（RHODESetal.,1996;

TRAINERetal.,1998）.MostoftoxicP.pseudo-

delicatissimahavebeenfoundtobeP.cal-

lianthabuttherearestillsomeunresolved

toxicreportsthatattributetothisspecies（e.g.

KACZMARSKAetal.,2005）.

Fivespeciesarereportedforthefirsttime

here.Thesearethefollowing:P.americana,P.

Lamer48,201012
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brasiliana,P.caciantha,P.callianthaandP.

galaxiae.Morphometriccharacterizationsof

localpopulationsandbaselinedataarepro-

videdhereinforfutureinvestigationsoftoxic

ornewlydiscoveredtaxa.Methodsarecur-

rentlydevisedtoaidspeciesenumerationby

LM tofurtherecologicalstudiesofPseudo-

nitzschiainthearea.
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