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Abstract

Speciesof the diatom gerus Pssudoenitzsia arecommonin themarine phytoplankionworld-wide. Some species
of this genushave beenproved to be sourceof domoi acid (DA), a powerful toxin causng Amnesc Shelfish
Pasoning (ASP)in humansand probably massmortality in seabirds and mammalsNet plarkton sampesobtained
during several cruisesand season$rom the Pacific coastsof Mexico: westerncoastsof Baja California, Gulf of
Cadlifornia, coass of the tropical Pacific of Mexico (includingthe Gulf of Tehuanépec)wereanalyzedto studythe
speciesof the diatom genus Pseudo-nizschia. Four specieqP. australis, a presumedoxic speciesP. fraudukent,
P.lineola, P. pungeng and oneformerspeciesof the genus Nitzstia americana wererecordedandstudiedby light
andelectronmicroscopy. Themostcommonspecieswas P. pungens widely distributedalongthe Pacific coastof
Mexico. All otherspeciesappearedccagonally andin low relative abundancesT he probablemisidentificationof
P. australis asP. seriaa is discussed, aswell asthe presenceof anotherpotenially toxic species P. ddlicatissima
in the Gulf of California. No ca® of toxicity (ASP) hasbeenfully documentd and thereforerelated to toxic

Pseudo-nizschia speciesn the Gulf of California.

Intr oduction

The diatom gerus Pseudo-nizschia Peragalo wasfor-
mally recentlyreingated (Hade, 1993, 1994)to ac-
comodatdormerNitzsdia specieswhich aremarine
ard planktonic forms, delicate and weally silicified
cells, usually forming chains connectedby the grad
ualy attenuaed apices of the fusform, elongat or
lanceokte valves (Hade, 1994; Hade & Syvertsen,
1996). Therefore,as expresed by Hade (1994),the
main argumentto separatethe genusfrom Nitzsdia
is the combinaion of morphobgic and ecobgical
features.

Specief the genusPseudo-nizschia are distrib-
uted worldwide (Takano & Kuroki, 1977; Rivera,
1985; Hallegraef, 1994; Hadle et a., 1996), some-
times occuring in considerable densities. Very few
species have a more restricteddistribution (e.g P.
serigta Cleve, Hade, 1972).Recentinteres of study-
ing speciesof this genushasgrown, for at leas five

speciesof Pseudo-ntzschia (Lundhom et a., 1994)
are now recognzed to producedomoic acid (DA),
a powerful toxin which caugs the Amnesc Shell-
fish Poisoning (ASP) in humans This toxin hasbeen
foundin clamsand mussels in several placessuch as
Prince Edward Island (SubbaRao et al., 1988),Bay of
Fundy, CanadgMartin etal., 1990),California (Buck
etal., 1992;Langeetal, 1994)andwedern Washing-
ton, U.SA. (Horner& Postel, 1993). Recentreports
show thatpotenially dangerouspecieshave beenalso
found in Europeanwaters (Lundhoim et al., 1994;
Miguezet a., 1996; Vriding et al., 1996a,1996b).
Unofficial reports of poisaning and massmortality of
seabirdsard mammalsn coastsof the Gulf of Califor-
nia are suspected of having beencaugd by bloomsof
domot acid produchg Pseudo-nizschia speciesput
not sufficientevidencehasbeenprovided.
Tradtiona positive idertification at specieslevel

is difficult and requiresin most casescombinedob-
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Figure 1. Map of the Mexican Pacific showing pointswherespeciesof Pseudo-nitachia andNitzstia ameicana werefound.

senations by light and electron microscqy (mainly
TEM). Useful taxonomic characers include: valve
outline, length (proportion) of overlap of cell ends
width of valves, dersity of interstriae and fibu-
lae, and presenceof interspacgHasle& Syvertsen,
1996). However, new molecubr techngues(mainly
usng large-sibunit ribosomal RNA-targeted oligonu-
cleotides)have been recently developed to identify
suspectedoxic Pssudo-nizschia speciesin erviron-
mentl samples (e.g. Scholin et al., 1996; Vrieling
et al., 1996). Thee methodsseemto be promising
for routine and rapid enumeraiton of Pseudo-nizschia
cells.

The purpog of this work is contibute to the
knowledge andto provide a guide of the genusin a
tropical-subtropical region, usng collecion of sam-
plesfrom the Pacific coastof Mexico andtakinginto
accountthe currenttaxonomic criteria in identfying
anddescribingspeciesof Pseudo-nizschia.

M aterial and methods

Material studiedwas colleced by net (24, 50,54 um
med) from several locaionsalong the coads of the
Mexican Pacific: Gulf of California, westerncoasts
of Bagja California and the Gulf of Tehuanépec,dur-
ing variouscruises and differentsea®ns(1984-1989)
(Figurel). In generalthewesterrcoastoff BajaCal-

iforniaare considereda temperateregion (with strang
influence by the California Currert), whereashe Gulf

of Cdlifornia is a subtropical areaand the waters of
the Gulf of Tehuanepecandtheres of the Mexican
Pacificaretropical-sibtropical (with animportart flow
by the Northequaorial Counercurren) (Figurel). All

sampleswerepreservedin formalin 4%.

Observations of Pssudo-ntzschia specieswere
carriedout usingrinsedand cleanedmaterial,by light
(LM) andelectron microscopy (both scanning, SEM,
and transnission, TEM). Fresh or permanentslides
were usedfor LM (OlympusCH, pha® contrag, and
Reiclert Diastay phase contrast, with attacled cam-
era,objetives40X and100X), andconventionalmeth-
ods (alreadydescribedearlier Hern&ndez-Recerril &
Tapia Pefia,1995)were followed for SEM and TEM
(Phillips501,at10-12kv, and JEOL 1200EX, reec-
tively). Specific taxonomic characers were used for
idertification, as mertioned earlier (Hasle& Syvert-
sen, 1996)and specfic terminology was used (Hasle
etal., 1996).Typical measiremens were madeon the
available numberof specmensonthe LM: apicalaxis,
transapicaaxis,densityof striaeandfibulaein 10 um.

Resultsand observations

Four speciesof Pseudo-nizschia were found in the
sanples: P. australis, P. frauduknt, P. lineda and
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Figures2—4. Nitzschia americang TEM. Figure 2. Conplete frustule (two valves). Figure 3. Detail of oneendof the valve, thereare three
rows of poroidsbetweentwo intergriae. Figure 4. Middle part of the valve showing interdriae, poroidsandcoare fibulae (right hand).Scale
bars=5 um (Figure2), =1 um (Figures3, 4).

Table 1. Typical measirementsof the speciesof Pseudo-nitachia and Nitzshia ameicana. The num
bersin braclets are the measirenents given by Hade & Syverden (1996). A = Absent, P=Preent;
Cosmnop= Cosmopolitan; Subt-Termp = Subtropicalto temperate.

Species Lenght Width Central No.nterd/ No.Fib/ Distr.
(um) (um) nodule 10 um 10 um
N.ameicana 18-26 35-4 A 28-30 20-21 Cogmop
P. augralis 68-73(75-144) 5-6(6-8) A 15-16 14-15 Subt-Enp
P.fraudulenta 63-99 3-45 P 14-15 15-17 Cosmop
P. lineola 86-111 2-25 P 24-26 12-14 Cosamop
P. pungens 94-109 3-4 A 10-12 10-11 Cogmop

P. pungens and one until recentlyconsidered true
Pseudo-ntzschia speciesNitzshia americana. Mea-
surementsf thefive speciesaregivenin Table 1.

Sydematic accountanddesriptions

Nitzsthia americana Hasle, Figures2—4
Hasle,1964,p. 41,pl. 1, Figure4, pl. 14,Figures13—
19, pl. 15, Figures7-10.

Synorym: Pseudenitzschia americana(Hade) Fryx-
ell in Hasle.

Hasle, 1993, p. 318; Hallegraef, 1994, p. 407, Fig-
ures8a,b.

Speciesapparently sditary. Thevalvesarelinear with
roundedends 18-26 um lengh, 3.5-4 um width.
Transpical interstriae paralel, 28-30interstriae in

10 um, having three (sometimestwo) rows of poroids
(striae)in betweentwo interstriae.Fibulae are very
congicuous with alower densty thanthatof thein-
terstriae: 20—21fibulaein 10 wm. Central interspace
(cental noduk) abent.

Pseudo-ntzschia audralis Frenguelli,Figuress—7

Frenguelli,1939,p. 217,pl. 2, Figure 13; Villac et dl.,
1993,p. 217,Figures3-5.

Synorym: Nitzschia pseudosriata Hasle.
Hasle,1965,p.11,pl. 4, Figures3, 4, pl. 5, Figuresl—
6, pl. 6, Figurel.

Most speciesof the genusform chains. The valves
are fusiform, with ends curved or slightly rostrate,
one main of the valve (the one having the raphe)
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Figures5-7. Pseudo-nitachia audralis, TEM. Figure 5. A completevalve. Figure 6. Detail of onecurved endof thevalve. Figure 7. Middle
pat of avalve with interstriae, two rows of poroidsin betweentwo inteistriae andfibulae. Scalebars=10 um (Figure5), =2 um (Figures6,

7).

curved, whereasthe opposte is more straight 68—
73 um lengh, 5-6 um width. Density of interstriae
(15-16in 10 um) andfibulae (14—15in 10 um) about
the same. Two rows of poroids (striae)in between
two interdriae.No cental interspace(cental noduk)
present.

This specieshasbeenknown as a domoic acid-
producng diatom in other areas Measiremens
(length and width) given here aredightly lower than
those provided in the literature (esgecially in Hasle&
Syvertsen, 1996)(seeTable 1).

Pseudo-nizschia fraudukenta (Cleve) Hasle,
Figures8-11

Hasle, 1993, p. 318; Hallegraef, 1994, p. 398, Fig-
ures2a—k; Hasle et al, 1996, p. 144, Figures17-19,
57-61.

Synorym: Nitzschia fraudukenta Cleve.

Hasle,1965,p. 15,pl. 1, Figures2, 3, pl. 6, Figuress—
10; Rivera,1985,p. 15, Figures39-51.
Speciesalsoforming chains.Valvesfusiform, weakly
slicified, ends dightly pointed: 63—99 um lenght,
3—-4.5 um width. Densties of interdriae (14-15in
10 um) andfibulae (15-17in 10 wm) are aboutthe
same. Striae conssting of two rows of poroidsin be-
tweentwo interstriae.Certral inters@cewith certral
noduk present.

Pseudo-ntzschia lineola (Cleve) Hasle,
Figuresl2-16

Hasle, 1993, p. 319; Hallegraef, 1994, p. 407, Fig-
ures/a—e.

Synornym: Nitzsdia lineda Cleve.
Simongen,1974,p. 53, pl. 39, Figures4—6.

Cells usually occuing in chains. Valves linear to
lanceolatewith pointedends 86—111um lengh, 2—
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Figures8—11. Pseudo-nitachia fraudulenta Figure 8. One sngle valve, LM. Figure 9. Onevalve till connectedn achain, SEM. Figure 10.
Part of a valve, notethe cental interspace(arrow), TEM. Figure 11. Detail of the middle part of a valve exhibiting two rows of poroidsin
betweentwo interstriae, the cental interspacearowed, TEM. Scalebars=10 um (Figures8, 9), =5 um (Figure10),=1 um (Figure11).
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Figures12—16. Pseudo-nitachia lineola. Figure 12. A completevalve, LM. Figure 13. One valve partially broken, LM. Figure 14. Another
conplete valve, LM. Figure 15. Part of a valve showing the cental interspace(arrow), TEM. Figure 16. Detail of the middle part of avave,
noteonerow of ratherlamge poroids in betweentwo interstriae, the cential interspacearowed, TEM. Scale bars=10 um (Figures12-14),
=2 um (Figuresl5, 16).
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Figures 17—20. Pseudo-nitachia 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. One completefrustule, SEM. Figure 20. Detail of a valve, showing the intergriae, poroids
(two rows in betweentwo interstriae) andfibulae, TEM. Scalebars=10 um (Figures17,19),=5 um (Figure18),=1 um (Figure20).

2.5 um width. Fibulae are coarse, interstriaehaving
striae of onerow of poroidsin betveentwo inters
triae. Dendty of interstriae (24—26in 10 um) nearly
the doubk of thos of thefibulae(12—14in 10 xm). A
centralintergpacewith its centralnoduleis present.

Pseudo-ntzschia pungens(Grunow ex. Cleve) Hasle,

Figuresl7-20

Hade, 1993, p. 319; Hallegraef, 1994, p. 401, Fig-
ures3a—i Hade et al., 1996, p. 138, Figures3-6,
30-37.

Synorym: Nitzschia pungens Grunov ex Cleve
Cupp, 1943,p. 202, Figure156; Rivera, 1985,p. 12,
Figuresl-13.

Cells arrarged in chains, sametimesvery long (13
cells),cellsoverlapin chainscloseto one-thirdof cell
length. Valveslinearto lancedate with pointed ends,
strongly silicified: 94—-109um lengh, 3—4 um width.
Fibulaeandinterdriaeof aboutthesamedensties: 10—
11fibulaein 10 um, 10-12interstriaein 10 um. There
aretwo rows of poroids(striae)in betveentwo inter-
striae. Absenceof cental interspace(cental noduk).
Speciesnon-bxic.

Discussiam

Pseudo-nizschia speciesare rathercommonin the
plankibn of the Mexican Pacffic, althoughjust four
specieswere foundin the sampksobsrved. Only one
species of the encouneredis known to produceDo-
moic Acid: Pseudo-nizschia audralis. This species
may be easily misidentified as P. seriaa, as both
aresuperfcially similar in morphobgy (e.g. Moreno
etal., 1996),athoughdetiled observationsby TEM
show the presence of more thantwo rows of poroids
in betweentwo interstriaein P. seriata, whereasP.
australis hasonly two (Hade etal., 1996).Moreover,
it hasbeenshown thatthe distribution of P. serida is
redrictedto higherlattudesin the North Hemisphere
(Hade, 1972). P. australis was present in very few
sampes (just in coastsoff Baja California) ard low
relative abhundances

The mog widegpread and relatively abundant
speciesvasP. pungens presemin mary sampesalong
the coags of Baja California, the Gulf of California
and the Gulf of Tehuanepec. P. mutiseries a Do-
moic Acid-produchg speces closely related to P.
pungenswas notencoungredin the sampksanayzed,;
it hasbeenrepored the distribution of P. multiseries
in the world (Fryxell et al., 1990), being preentin
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the Pacific Oceanat a higherlatitudethan35°. Other
presumedoxic species P. delicatissima(Cleve) Hei-
den has beenreportd to be preent in the Gulf of
Cdifornia (Morenoetal., 1996).Further surveys may
indicatethe presencef morespecief thegenus.

Other speciesfoundin this study: Nitzsdia amer
icana and Pssudo-nizschia fraudukent may be con-
sidered as rather uncommonforms athough their
distributionis moretropicalsubtropical. P. lineda can
be regarded as casmapolitan. Most of the species
treatechere had measuemernts comparabe with those
of the literature, except P. australis, which is slightly
shorter and narrover in this study (see Table 1), al-
thoughits densty of both interdriae and fibulae is
similar to currentfindings (e.g. Hade & Syvertsen,
1996).

It is not possible to relate the events of poison-
ing and massmortality of seahirds and mammals
in the Gulf of California to the preence of toxic
Pseudo-nizschia species, as no plankton samples
weretaken whenthe eventsoccurred.Very weakev-
idenceshows nearly undammagedardinespossibly
confaining P. australis, indde some dolphins stom-
achsthisspeciesasshavnhere,ispresenin thearea,
althoughcels numbersdat are not available. Mon-
itoring of areaswheretoxic speciesmay potentially
occuris highly reccomended.

Also, asthe samgdesusedin this study werecol-
lectedby netonly, it is reccomendetb countnumbers
of cells,using adequate samping (e.g bottle sampes)
and method (e.g invertedmicroscaqoe), or fitting the
mentonedmolecukr techngues(Scholin etal., 1996;
Vrieling et a., 1996)to idenify and enumerag cels
of paricular speciesbelongingto the genus
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