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Abstract

Speciesof thediatom genusPseudo-nitzschia arecommonin themarinephytoplanktonworld-wide.Somespecies
of this genushave beenproved to be sourceof domoic acid (DA), a powerful toxin causing Amnesic Shellfish
Poisoning (ASP)in humansand probably massmortality in seabirdsand mammals.Netplanktonsamplesobtained
duringseveralcruisesand seasonsfrom thePacific coastsof Mexico: westerncoastsof Baja California, Gulf of
California,coastsof thetropicalPacific of Mexico(includingtheGulf of Tehuantepec),wereanalyzedto studythe
speciesof thediatom genusPseudo-nitzschia. Fourspecies(P. australis, a presumedtoxic species,P. fraudulenta,
P. lineola, P. pungens) andoneformerspeciesof thegenus, Nitzschia americanawererecordedandstudiedby light
andelectronmicroscopy. Themostcommonspecieswas P. pungens, widely distributedalongthePacificcoastsof
Mexico.All otherspeciesappearedoccasionally andin low relativeabundances. Theprobablemisidentificationof
P. australis asP. seriata is discussed, aswell asthe presenceof anotherpotentially toxic species, P. delicatissima,
in the Gulf of California. No case of toxicity (ASP) hasbeenfully documented and thereforerelated to toxic
Pseudo-nitzschia speciesin theGulf of California.

Intr oduction

Thediatom genusPseudo-nitzschiaPeragallo wasfor-
mally recentlyreinstated(Hasle, 1993, 1994) to ac-
comodateformerNitzschia species,which aremarine
and planktonic forms, delicateand weakly silicified
cells, usually forming chains connectedby the grad-
ually attenuated apicesof the fusiform, elongate or
lanceolate valves (Hasle, 1994; Hasle & Syvertsen,
1996).Therefore,as expressed by Hasle (1994), the
main argumentto separatethe genusfrom Nitzschia
is the combination of morphologic and ecological
features.

Speciesof thegenusPseudo-nitzschia aredistrib-
uted worldwide (Takano & Kuroki, 1977; Rivera,
1985; Hallegraeff, 1994; Hasle et al., 1996), some-
times occurring in considerable densities. Very few
species have a more restricteddistribution (e.g. P.
seriata Cleve, Hasle, 1972).Recentinterest of study-
ing speciesof this genushasgrown, for at least five

speciesof Pseudo-nitzschia (Lundholm et al., 1994)
are now recognized to producedomoic acid (DA),
a powerful toxin which causes the Amnesic Shell-
fish Poisoning (ASP) in humans. This toxin hasbeen
found in clamsand mussels in several placessuch as
PrinceEdward Island(SubbaRao et al., 1988),Bayof
Fundy, Canada(Martin et al., 1990),California (Buck
et al., 1992;Langeet al, 1994)andwestern Washing-
ton, U.S.A. (Horner& Postel, 1993).Recentreports
show thatpotentially dangerousspecieshavebeenalso
found in Europeanwaters (Lundholm et al., 1994;
Míguezet al., 1996; Vrieling et al., 1996a,1996b).
Unofficial reports of poisoning and massmortality of
seabirdsandmammalsin coastsof theGulf of Califor-
nia are suspectedof havingbeencaused by bloomsof
domoic acid producing Pseudo-nitzschia species,but
notsufficientevidencehasbeenprovided.

Traditional positive identification at specieslevel
is difficult and requiresin most casescombinedob-
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Figure1. Map of theMexicanPacific showing pointswherespeciesof Pseudo-nitzschia andNitzschia americana werefound.

servations by light and electron microscopy (mainly
TEM). Useful taxonomic characters include: valve
outline, length (proportion)of overlap of cell ends,
width of valves, density of interstriae and fibu-
lae, and presenceof interspace(Hasle& Syvertsen,
1996). However, new molecular techniques(mainly
using large-subunit ribosomalRNA-targetedoligonu-
cleotides)have been recently developed to identify
suspectedtoxic Pseudo-nitzschia speciesin environ-
mental samples (e.g. Scholin et al., 1996; Vrieling
et al., 1996). These methodsseemto be promising
for routineandrapid enumeration of Pseudo-nitzschia
cells.

The purpose of this work is contribute to the
knowledgeand to provide a guide of the genusin a
tropical-subtropical region, using collection of sam-
plesfrom thePacific coastsof Mexico andtakinginto
accountthe current taxonomic criteria in identifying
anddescribingspeciesof Pseudo-nitzschia.

Material and methods

Material studiedwas collectedby net (24, 50, 54 µm
mesh) from several locationsalong the coasts of the
Mexican Pacific: Gulf of California, westerncoasts
of Baja California and the Gulf of Tehuantepec,dur-
ing variouscruisesanddifferentseasons(1984–1989)
(Figure1). In general,thewesterncoastsoff BajaCal-

iforniaare considereda temperateregion (with strong
influenceby theCaliforniaCurrent), whereastheGulf
of California is a subtropical areaand the waters of
the Gulf of Tehuantepecandthe rest of the Mexican
Pacificaretropical-subtropical(with animportant flow
by theNorthequatorialCountercurrent) (Figure1). All
sampleswerepreservedin formalin4%.

Observations of Pseudo-nitzschia specieswere
carriedoutusingrinsedandcleanedmaterial,by light
(LM) andelectron microscopy (both scanning, SEM,
and transmission, TEM). Fresh or permanentslides
were usedfor LM (OlympusCH, phase contrast, and
Reichert Diastar, phasecontrast, with attached cam-
era,objetives40X and100X), andconventionalmeth-
ods(alreadydescribedearlier, Hernández-Becerril&
Tapia Peña,1995)were followed for SEM and TEM
(Phillips501,at10–12kv, andJEOL 1200EX, respec-
tively). Specific taxonomic characterswere used for
identification, asmentioned earlier (Hasle& Syvert-
sen, 1996)andspecific terminology was used (Hasle
et al., 1996).Typicalmeasurementswere madeon the
availablenumberof specimensontheLM: apicalaxis,
transapicalaxis,densityof striaeandfibulaein 10µm.

Resultsand observations

Four speciesof Pseudo-nitzschia were found in the
samples: P. australis, P. fraudulenta, P. lineola and
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Figures2–4. Nitzschia americana, TEM. Figure 2. Complete frustule (two valves). Figure 3. Detail of oneendof the valve, thereare three
rows of poroidsbetweentwo interstriae.Figure 4. Middle part of thevalve showing interstriae, poroidsandcoarse fibulae(right hand).Scale
bars= 5 µm (Figure2), = 1 µm (Figures3, 4).

Table 1. Typical measurementsof the speciesof Pseudo-nitzschia andNitzschia americana. Thenum-
bers in brackets are the measurements given by Hasle & Syversten (1996). A = Absent, P=Present;
Cosmop= Cosmopolitan;Subt-Temp=Subtropicalto temperate.

Species Lenght Width Central No.Interst/ No. Fib./ Distr.

(µm) (µm) nodule 10 µm 10 µm

N. americana 18–26 3.5–4 A 28–30 20–21 Cosmop

P. australis 68–73(75–144) 5–6(6–8) A 15–16 14–15 Subt–Temp

P. fraudulenta 63–99 3–4.5 P 14–15 15–17 Cosmop

P. lineola 86–111 2–2.5 P 24–26 12–14 Cosmop

P. pungens 94–109 3–4 A 10–12 10–11 Cosmop

P. pungens, and oneuntil recentlyconsidereda true
Pseudo-nitzschia species:Nitzschia americana. Mea-
surementsof thefivespeciesaregivenin Table1.

Systematic accountanddescriptions

Nitzschia americana Hasle,Figures2–4
Hasle,1964,p. 41,pl. 1, Figure4, pl. 14,Figures13–
19,pl. 15,Figures7-10.
Synonym: Pseudo-nitzschia americana(Hasle) Fryx-
ell in Hasle.
Hasle, 1993,p. 318; Hallegraeff, 1994,p. 407, Fig-
ures8a,b.
Speciesapparently solitary. Thevalvesarelinear, with
roundedends: 18–26µm length, 3.5–4 µm width.
Transapical interstriae parallel, 28–30 interstriae in

10µm, having three(sometimestwo) rowsof poroids
(striae) in betweentwo interstriae.Fibulae are very
conspicuous, with a lower density thanthatof the in-
terstriae: 20–21fibulaein 10 µm. Central interspace
(central nodule)absent.

Pseudo-nitzschia australis Frenguelli,Figures5–7

Frenguelli,1939,p. 217,pl. 2, Figure13;Villac et al.,
1993,p. 217,Figures3–5.
Synonym: Nitzschia pseudoseriata Hasle.
Hasle,1965,p. 11,pl. 4, Figures3,4, pl. 5, Figures1–
6, pl. 6, Figure1.
Most speciesof the genusform chains.The valves
are fusiform, with ends curved or slightly rostrate,
one margin of the valve (the one having the raphe)
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Figures5–7. Pseudo-nitzschia australis, TEM. Figure 5. A completevalve. Figure 6. Detail of onecurvedendof thevalve. Figure 7. Middle
part of a valve with interstriae, two rows of poroids in betweentwo interstriaeandfibulae.Scalebars= 10 µm (Figure5), = 2 µm (Figures6,
7).

curved, whereasthe opposite is more straight: 68–
73 µm length, 5–6 µm width. Density of interstriae
(15–16in 10µm) andfibulae(14–15in 10µm) about
the same. Two rows of poroids (striae) in between
two interstriae.No central interspace(central nodule)
present.

This specieshasbeenknown as a domoic acid-
producing diatom in other areas. Measurements
(length and width) givenhere areslightly lower than
those provided in the literature (especially in Hasle&
Syvertsen,1996)(seeTable1).

Pseudo-nitzschia fraudulenta (Cleve) Hasle,
Figures8–11
Hasle, 1993,p. 318; Hallegraeff, 1994,p. 398, Fig-
ures2a–k;Hasle et al, 1996,p. 144, Figures17–19,
57–61.
Synonym: Nitzschia fraudulenta Cleve.

Hasle,1965,p. 15,pl. 1, Figures2,3, pl. 6, Figures5–
10;Rivera,1985,p. 15,Figures39–51.
Speciesalsoforming chains.Valvesfusiform,weakly
silicified, ends slightly pointed: 63–99 µm length,
3–4.5 µm width. Densities of interstriae (14–15 in
10 µm) andfibulae (15–17in 10 µm) areabout the
same.Striae consisting of two rows of poroidsin be-
tweentwo interstriae.Central interspacewith central
nodulepresent.

Pseudo-nitzschia lineola (Cleve) Hasle,
Figures12–16
Hasle, 1993,p. 319; Hallegraeff, 1994,p. 407, Fig-
ures7a–e.
Synonym: Nitzschia lineola Cleve.
Simonsen,1974,p. 53,pl. 39,Figures4–6.
Cells usually occuring in chains. Valves linear to
lanceolate,with pointedends: 86–111µm length, 2–
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Figures8–11. Pseudo-nitzschia fraudulenta. Figure 8. One single valve, LM. Figure 9. Onevalve still connectedin a chain,SEM. Figure 10.
Part of a valve, notethe central interspace(arrow), TEM. Figure 11. Detail of the middle part of a valve exhibiting two rows of poroidsin
betweentwo interstriae,thecentral interspacearrowed, TEM. Scalebars=10µm (Figures8, 9), =5 µm (Figure10),=1 µm (Figure11).

Figures12–16. Pseudo-nitzschia lineola. Figure 12. A completevalve, LM. Figure 13. One valve partially broken, LM. Figure 14. Another
completevalve, LM. Figure 15. Part of a valve showing thecentral interspace(arrow), TEM. Figure 16. Detail of themiddle part of a valve,
noteonerow of ratherlarge poroids in betweentwo interstriae, the central interspacearrowed, TEM. Scalebars=10 µm (Figures12–14),
= 2 µm (Figures15,16).
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Figures17–20. Pseudo-nitzschia pungens. Figure 17. Part of a chain with the overlap (aboutone-thirdof the lengthof cells) of cells, LM.
Figure 18. Part of a linear valve, LM. Figure 19. Onecompletefrustule, SEM. Figure 20. Detail of a valve, showing the interstriae, poroids
(two rows in betweentwo interstriae)andfibulae,TEM. Scalebars= 10µm (Figures17,19),=5 µm (Figure18),= 1 µm (Figure20).

2.5 µm width. Fibulaearecoarse, interstriaehaving
striae of one row of poroids in betweentwo inters-
triae.Density of interstriae (24–26in 10 µm) nearly
thedoubleof thoseof thefibulae(12–14in 10µm). A
centralinterspacewith its centralnoduleispresent.

Pseudo-nitzschia pungens(Grunow ex. Cleve)Hasle,
Figures17–20
Hasle, 1993,p. 319; Hallegraeff, 1994,p. 401, Fig-
ures3a–i; Hasle et al., 1996, p. 138, Figures3–6,
30–37.
Synonym: Nitzschia pungens Grunow ex. Cleve
Cupp,1943,p. 202,Figure156; Rivera, 1985,p. 12,
Figures1–13.
Cells arranged in chains, sometimesvery long (13
cells),cellsoverlap in chainscloseto one-thirdof cell
length. Valveslinearto lanceolatewith pointedends,
stronglysilicified: 94–109µm length, 3–4µm width.
Fibulaeandinterstriaeof aboutthesamedensities: 10–
11fibulaein 10µm,10–12interstriaein 10µm.There
aretwo rows of poroids(striae)in betweentwo inter-
striae.Absenceof central interspace(central nodule).
Speciesnon-toxic.

Discussion

Pseudo-nitzschia speciesare rather common in the
plankton of the Mexican Pacific, althoughjust four
specieswerefoundin thesamplesobserved.Only one
speciesof the encounteredis known to produceDo-
moic Acid: Pseudo-nitzschia australis. This species
may be easily misidentified as P. seriata, as both
aresuperficially similar in morphology (e.g.Moreno
et al., 1996),althoughdetailed observationsby TEM
show the presenceof more thantwo rows of poroids
in between two interstriaein P. seriata, whereasP.
australis hasonly two (Hasle et al., 1996).Moreover,
it hasbeenshown that thedistribution of P. seriata is
restrictedto higherlatitudesin theNorth Hemisphere
(Hasle, 1972). P. australis was present in very few
samples (just in coastsoff Baja California) and low
relativeabundances.

The most widespread and relatively abundant
specieswasP. pungens, present in many samplesalong
the coasts of Baja California, the Gulf of California
and the Gulf of Tehuantepec. P. multiseries, a Do-
moic Acid-producing species, closely related to P.
pungenswasnotencounteredin thesamplesanalyzed;
it hasbeenreported the distribution of P. multiseries
in the world (Fryxell et al., 1990), being present in
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thePacific Ocean,at a higherlatitudethan35◦. Other
presumedtoxic species,P. delicatissima(Cleve) Hei-
den has beenreported to be present in the Gulf of
California (Morenoetal., 1996).Furthersurveysmay
indicatethepresenceof morespeciesof thegenus.

Other speciesfoundin this study: Nitzschia amer-
icana andPseudo-nitzschia fraudulenta may be con-
sidered as rather uncommonforms, although their
distribution ismoretropical-subtropical. P. lineola can
be regarded as cosmopolitan. Most of the species
treatedherehad measurementscomparable with those
of the literature, except P. australis, which is slightly
shorter and narrower in this study (see Table 1), al-
though its density of both interstriae and fibulae is
similar to current findings (e.g. Hasle & Syvertsen,
1996).

It is not possible to relate the events of poison-
ing and massmortality of seabirds and mammals
in the Gulf of California to the presence of toxic
Pseudo-nitzschia species, as no plankton samples
weretaken whenthe eventsoccurred.Very weakev-
idenceshows nearly undammagedsardinespossibly
containing P. australis, inside some dolphins’ stom-
achs;thisspecies,asshownhere,ispresentin thearea,
althoughcells numbersdata arenot available. Mon-
itoring of areaswheretoxic speciesmay potentially
occurishighly reccomended.

Also, asthe samplesused in this study werecol-
lectedby netonly, it is reccomendedto countnumbers
of cells,using adequatesampling (e.g. bottle samples)
and method (e.g. invertedmicroscope), or fitting the
mentionedmolecular techniques(Scholin etal., 1996;
Vrieling et al., 1996)to identify and enumerate cells
of particularspeciesbelongingto thegenus.
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