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ABSTRACT 

Gymnodinium catena tum Graham is an unarmored 
dinoflagellate responsible for episodes of pa ral)'tic shellfish 
poisoning. This species forms a resting C)'St that is unique 
m several ways. The outer swface of the spherical, brown­
ish cyst is micro reticulate and compo ed of hundreds of 1-
3 f.L IIl pol)'gons. In several region , these pol)'gons are 
smaller, more uniform in shape, and oriented in distinct 
bands that define morphological features. These features 
on the C)'St reflect the cingulum, sulcus, flagellar pore 
complex, and acrobase of the motile stage precursor to the 
C)'St. The archeopJle is irregularly but extensively devel­
oped. Its margin is generall)' smooth and extends almost 
complete[)' around the circumference of the C)'S!, though 
not consistent[)' in the plane of the equator. The CJSt wall 
is resistant to acetolJsis and standard palJnological prep­
aration techniques. Gymnodinium catenatum Graham 
is emended to include the details of the C)'Sl stage. 

The significance of this cyst is that it is the first described 
C)'St of a naked dinoflagellate that bears oriented surface 
ornamentation reflecting feature of the motile dinofla­
gellate. Its microreliculate surface ornamentation is unique 
to dznOC)'Sts, naked or armored, living or fossiliz.ed. Re­
sistance of the cyst wall to harsh processing techniques 
suggests the pre ence of sporopollenin-like material com­
monly associated with cysts of armored dinoflagellates. 
From an ecological standpoint, the existence of a G. ca­
tenatum C)'Sl has important implications with respect to 
species bloom dynamics and geographic distribution. In 
addition, the distinct differences between this C)'S! and those 
of the armored saxitoxin-producing gonJaulacoid species 
argues against a proposed e-volutionary linkage. 

Key index words: C)'S!; dinoflagellate; Gymnodinium 
catenatum; microreticulation; paralJlic shellfish poison­
ing; PSP; saxitoxin; toxicity 

The naked dinoflagellate Gymnodinium calenalum 
Graham is the subject of active re earch in several 
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countries because of its recent association with out­
breaks of paralytic shellfish poisoning (PSP). Al­
though the organ ism was first de cribed over forty 
year ago (Graha m 1943), episodes of hellfish tox­
icity have been linked to this species only within the 
last decade. The fir t such outbreak were in 1976 
in Spain (Estrada et al. 1984) and in 1979 in Ma­
zatllin, Mexico, whe re a bloom affected 200 km of 
coastline in the Gulf of California and cau ed three 
human fatalities (Morey-Caines 1982, Mee e t al. 
1 ~86). More recently, she ll fish toxicity co incided 
with C. catenatum blooms in Spain in 1985 and 1986 
(unpubl. data) and in Tasmania (Hallegraeff and 
Sumner 1986). The historical absence of similar tox­
ic events in the e regions has fueled speculation that 
the species may have been introduced via boat traf­
fic, shellfish seeding, or other human activities. 

Analysis of the toxin composition of shellfish from 
these outbreaks revealed the presence of several 
neurotoxins from the saxitoxin famil y (Luthy 1979, 
Morey-Ga ine 1982, Hallegraeff and Sumner 1986, 
Mee et al. 1986, J. Sullivan, per . comm .). Since 
th~ e toxins are ~he same as tho e produced by cer­
tam armored dmoAagellates in the "tamarensis" 
complex (Taylo r 1975), and since C. catenatum forms 
cha ins and has o ther morphological features similar 
to Gonyaulax catenella (= Protogon)'aulax catenella = 
Alexandrium catenella) from thi complex, it has been 
s.uggested that C. catenatum may be evolutionarily 
lmk~d to the armo:ed forms, despite its generic sep­
aration on the ba IS of cell wall type (Morey-Caines 
1982, Steidinger and Baden 1984). 

We describe here the existence of a re ting cyst 
for C. catenatum .. Thi~ report is important not only 
?ecause such a life history stage can have a major 
Influence on the ecology and geographic distribu­
tion of this toxic species, but also becau e it provides 
yet anothe r morphological feature which can be used 
to.evaluate I:'ropo ed evolutionary linkages between 
~h1 naked d.moAagellate and armored species. There 
IS a lso considerable paleontological interest in this 
cyst because it is from a naked dinoflagellate and 
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FIGS. 1-6. Light micrographs of the cyst and motile stages of G)'lmwdinium catenatum. All scale bars = I 0 Jtm. FIG. I . Live cyst within 
brown cyst wall. Note dark (red pigment) spot or accumulation body (arrow). FIG. 2. Cyst protoplast; note accumulation body (arrow) 
and dinokaryotic nucleus (lower left). FIG. 3. Ruptured cyst showing wall reticulations (phase optics). FIG. 4. Excysted germling; note 
characteristically squared-off apex. FIG. 5. Two-cell stage, showing acrobase (a) and girdle displacement. FIG. 6. Four-cell stage. 

has a highly resistant, presumably fossilizable wall 
and a unique morphology which includes a brown 
color, hundreds of small surface reticulations, and 
reflected markings from the unarmored motile stage 
precursor. 

MATERIALS AND METHODS 

C)·stfonnalion. The cysts used in this study were formed during 
laboratory incubation of a plankton sample collected during a G. 
catmatum bloom in Ria de Vigo, Spain. The naturally-occurring 
cells were collected in ovember 1985 and October 1986 in 
plankton net lOWS (42°14' , 8°50' 'vV) which were then diluted 
five-fold with filte red seawater enriched with f/ 2 levels of vita­
mins, metals and EDT A (Guillard and Ryther 1962). The diluted 
samples were incubated for several weeks at 18° C on a 14: I 0 h 
L:D cycle. Cysts formed during th is process were removed with 
other settled material and stored in the dark at4° C until needed. 

C)'s! gtrmination. Subsamples from the stored cyst/ detritus sam­
ple were disaggregated with an ultrasonic probe and sieved to 
retain the 20-80 llm size fraction. Cysts were then isolated by 
micropipette and placed in individual wells of tissue culture plates 
in 150 IlL of k medium (Keller and Guillard 1985) at 20• C on a 
14:10 h L:D cycle (100 llE·m- •·s- '). All measurements of cysts 
and emerging cells were made with a stage micrometer. 

Fixation and scanning l'leclron microscop)'. Fifty to I 00 cysts were 
individually isolated by micropipette, fixed with 2% glutaralde­
hyde for 24 h at 4• C, rinsed with seawater, and postfixed in I% 
OsO. for I h. After ethanol dehydration, cysts were C02 critical 
point-dried, Au-PI sputter coated, and examined with a J EOL 
electron microscope. 

Sample proussing. Cyst/ detritus material was subjected to ace­
tolysis treatment as follows: 15 mL of sample was centrifuged, 
the supernatant removed and the pellet mixed with 6 mL of 
glacial acetic acid and centrifuged again. T his procedure was 
repeated twice. Then 4.5 mL of acetic anhydride and 0.5 mL of 
concentrated H,SO. were added to the pellet and the mixture 
placed in a boiling water bath for 20 min. After several washings 
with acetic acid and finally distilled water, the acetolyzed pellet 
was resuspended in distilled water and examined under the mi­
croscope for resistant cyst walls. 

Plankton and bottom mud samples were also subjected to stan­
dard palynological processing techniques (Barss and Williams 
1973). These rigorous procedures are used to extract fossil di­
noflagellate cysts from sediments and solid rock. Each sample was 
washed to remove salt water, placed in 90 mL of I 0% HCI (to 
remove calcareous material), washed to neutrality, placed in 90 
m L of 52% hydrofluoric acid (to remove siliceous material) and 
again washed to neutrality. The samples were then placed in I 0% 
hot HCl in o rder to remove any calcium fluoride that might have 
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FIGS. 7-12. G)~nnodinium ca/tnatum cyst morphology (SEM). Scale bars = I 0 ~tm unless specified. Fie. 7. Cyst, ventral view. Flagellar 
pore region (boxed) enlarged in Figure 8. ote paracrobase tail (a), parasulcal row of paravesicles (s) and paracingulum (c). FIG. 8. 
Flagellar pore region with tail of paracrobase (a). Scale bar= 5 JLm. FIG. 9. Ruptured cyst revealing smooth in terior surface. Protrusion 
on right side is an artifact. FIG. I 0. Dorsal region of paracingulum. 1ote narrow margin para vesicles (arrow). Scale bar = 5 ~tm. FIG. 
I I. Paracrobase (a) situated on cyst apex. Scale bar = 5 ~tm. FIG. 12 . Cyst wall rupture along paracingulum, showing wall thickness. 
Scale bar = I ~tm. 

formed during the previous steps and washed to neutrality. The 
samples were oxidized in 70% nitric acid, washed to neutrality 
and screened through a 20 ~tm mesh sieve using an ultrasonic 
probe. Permanent slides were made of the > 20 ~tm size fraction 
using Clearcol as a mounting medium. 

RES ULTS 

Cyst description. Incubation of plankton samples 
from two C. calenatum blooms resulted in the for­
mation of numerous spherical cysts approximately 
50 JLm in diameter (Fig. 1 ). Contents were difficult 
to discern through the cyst wall, but with slight pres­
sure on the cover glass the cytoplasm could be forced 
from the outer covering, revealing the typical char­
acteristics of other dinoflagellate cysts-a thin, in­
ner wall, starch grains, lipid bodies, cytoplasm in 
Brownian motion, and a red pigmented accumula­
tion body (Fig. 2). The actual cyst wall or auto­
phragm (Evitt 1985) was pigmented brown, with nu-

merous microreticulations over its entire surface in 
a pattern simi lar to the surface of a canteloupe (Figs. 
3, 1 0). Individual polygons varied in size (from 1-3 
JLm) and shape (3-8 sides), numbering nearly 1000 
per cell (Fig. 7). Closer examination with SEM 
showed that the surface markings do not extend to 
the inside surface of the wall (Fig. 9). The wall thick­
ness is approximately 0.6 JLm (Fig. 12). 

To clarify the following discussion, a complete 
ventral view of the C. catenatum cyst is sketched in 
Figure 13 . A noteworth y characteristic of the sur­
face markings on the cyst is that they reflect certain 
features of the motile cell. Following the terminol­
ogy of Evitt et al. (1977) and Evitt (1985), they will 
hereafter be referred to with the prefix "para." The 
small polygons provisionally can be termed para­
vesicles since they appear to be reflections of the 
cortical vesicles described for the motile stages of 
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F1c. 13. Skelch of venlral surface of G. catmatum cysL Scale 
bar= 10 jlffi. 

numerous unarmored dinoflagellates (Biech e ler 
1952, Chatton 1952, Netzel and Durr 1984). Such 
features have not yet been described for G. calmatum 
motile cells, although smooth mounds of the same 
general size and number have been observed over 
the entire surface of certain SEM preparations of 
cells of this species (T. Rees, G. Hallegraeff, pers. 
comm.). The paracingulum can be readily recog­
nized from the pattern of individual paravesicles 
(Figs. 7, 1 0). The oute1· edges are prominent because 
the paravesicles in those areas are smaller, more 
uniform in shape, and form continuous, straight lines 
rather than being randomly oriented as is the case 
e lsewhere on the general cyst surface. The paracin­
gu lum has a displacement of 1-2 cingulum widths 
(Fig . 7). 

Other reflected features include an 8-10 J.Lm di­
ameter flagellar pore region (Fig. 8), a parasulcus 
marked by a single ordered row of para vesicles ex­
tending into the antapex (Fig. 7), and a loop struc­
ture extending from the flagellar pore area to the 
apical region (Fig. 11 ). Th is Iauer featu re is clearly 
a reflection of the acrobase found on many naked 
dinoflagellates including G. calenalum (Morey-Caines 
1982, Estrada et al. 1984) and hereafter is termed 
the paracrobase . 

T he cyst wall ruptures relatively easily with son­
ication or simple mechanical pressure but is resistant 
to standard acetolysis. A more rigorous palyno­
logical treatment with hydrochloric, hydrofluoric 
and nitric acids did not destroy the cyst wall, al­
though it did change the brown coloration to a n 
amber or ligh t yellow tone. 

No consistent archeopyle is present in germinated 
cysts. Ruptures often follow a paracingular margin 

for some of their d istance, but non-oriented tearing 
of the cyst wall is also common (Figs. 3, 9, 12). Ma­
tsuoka (1985) termed this a "chasmic" archeopyle. 

CJSL germination. When a cyst germinates, a single 
cell emerges that has a morphology notably different 
from the typical G. calenalum vegetative cell. T he 
golden-brown pigme nted germ lings are longer than 
they are wide, averaging 44 x 56 J.Lm , and are easily 
recognized due to a flattened area at the top of the 
epicone and a deep invagination in the sulcal area 
of the hypocone (Fig. 4) . Two longitudinal flagella 
are present, as is the red accumulation body seen in 
the cyst. As a result of the first division, the daughter 
cells become sma ller and less elongate, averaging 
about 40 J.Lm in d iameter (Fig. 5). Subsequent divi­
sions produce long chains of vegetative cells that are 
as wide as they are long, also averaging 40 J.Lm in 
diameter (Fig. 6). 

DISCUSSION 

Morphological examination of motile cells in cul­
tures established from our cysts indicate that the 
specie is G. calenatum Graham as described by Es­
trada et al. (1984) and Fraga and Sanchez (1985). 
The cells have the same excavated cingulu m and 
sulcus, cingular displacement, central nucleus, and 
acrobase in the epicone . These characteristics also 
coincide with the description of this species by Morey­
Caines (1982) but differ from the original descrip­
tion by Graham (1943) in that the cingulum is lon­
gitudinally displaced and chloroplasts are present. 
The latter were probably bleached in Graham's pre­
served material. Our cultures also differ from Bal­
ech's (1964) description with respect to the shape 
of the cells. This is not considered a diagnostic dif­
ference since major changes in cell shape were ob­
ser ved under varying nutrient regimes (Reguera and 
Ye ntsch, unpubl. data). No detailed description of 
the Tasmanian G. catenatum is available at this time, 
but it will likely be shown to be the same species 
since cysts collected from Tasmanian sediments ap­
pear to be identical to those described here (Hal­
legraeff, pers. comm.). 

The cyst of G)'lnnodinium catenatwn is unique in 
severa l ways. First, its surface reticulation is diffe r­
ent from that seen on any living or fossil dinofla­
gellate cyst. Second, these mark ings reflect features 
from the cell wall of the motile stage of this naked 
dinoflagellate. Re fl ected markings are quite com­
mon on dinoflagellate cysts, especially in many fossil 
forms (Evitt 1985), but to our knowledge a reflected 
acrobase, minute vesicles, or other surface features 
common to naked dinoflagellates have not been re­
ported. The fact that the G. catenatum cyst wall with­
stands aceto lysis and standard palynological pro­
cessin g procedures is a lso noteworthy, especially in 
light of Wa ll a nd Dale's (1968) observation that the 
cysts of naked dinoflagellates are seldom very du­
rable or resistant. We thus have an easily identifiable 
cyst that should be preserved in sediments for many 

I 



' l 

GYMNODINIUM CATENA TUM CYST 259 

year and that in all probability cou ld become fos­
silized as wel l. However , this cyst has no t been pre­
viou ly reponed by either neontologists or paleon­
tologists. One possible explanation forth is ob curity 
may be that the only published ob ervat ion of G. 
catenatum motile cell are from four location -
Mexico (Graham 1943, Morey-Gaine 1982, Mee et 
al. 1986), Argentina (Balech 1964), Spain (Estrada 
et al. 1984, Fraga and Sanchez 1985) and Tasmania 
(Hallegraeff and Sumner 1986). We note also that 
a cyst similar to that described here was found in 
Omura Bay, Japan (K. Matsuo ka, pers. comm .), but 
that the motile cells produced upon germination 
were tentatively identified as Gymnodinium sp. A5 

(Japan Fisheries Resource Conservation Association 
1987). That species is now considered to be identical 
to G. calenatum (K. Matsuoka, pers. comm.). The 
known species distribution is clearly rather limited 
on a global basis. Since the motile stage forms long, 
easily-identified chains and produces a potent neu­
rotoxin that accumu lates in shellfish, its presence 
would be noted quickly in other parts of the world 
where phytoplankton are studied or where shellfish 
are consumed. 

One interesting speculation (and an alternative 
explanation for the absence of thi cyst in the fossil 
record) i that G. calenatum is evolutionarily derived 
from saxitoxin-producing species within the genus 
Gonyaulax. The argume nts for this hypothesis were 
first presented by Morey-Gaines (1982) and include 
similarities in size, shape, nuclear orientation, toxin 
production , cingular displacement, wall layer type, 
and te ndency to form chains. Morey-Gaines (1982) 
al o de cribed a possible mooth-walled cyst for G. 
catenalum, but the description was provisional ince 
none of the cyst were germinated to produce an 
identifiable motile stage. We now believe that the 
cyst de cribed by Morey-Gaines belong to a differ­
ent dinoAagellate pecies and i not G. catenatum. 

The proposed evolutionary link between G. cate­
natum and the armored Gonyaulax species wou ld cer­
tain ly have been strengthened if the cysts were sim­
ilar, but they clea rly are not. GonJaulax catenella and 
G. tamarensis cysts are smooth-walled, elongate, clear 
in color, a nd not resistant to acetolysis (Dale 1977, 
Anderson and Wall 1978, Turpin et a l. 1978), 
wherea G. catenatum cysts have surface reticula­
tions, are spherical, brown in color, and resist ace­
toly is. We acknowledge that these difference a re 
not a priori proof that no direct evolutiona ry linkage 
exist between these species (i.e. that G. catenatum 
repre ent a strain of GonJaulax that imply lo t it 
abili ty to form cellulose thecal plates), but the hy­
pothesis now seems less attractive. 

In summary, we describe the resting cyst of G. 
catenatum, a naked dinoAagellate linked to everal 
recent epi ode of paralytic he llfi h poi oning. The 
cyst is strikingly different from those of armored 
saxitoxin-producing dinoAagellates, arguing against 
a close evolutionary relation hip. The cyst is also 

noteworthy becau e it i re i tant to harsh palyno­
logical processing techniques and because its su rface 
markings reflect everal features of the motile 
stage-two characterist ics commonly attributed to 
the cysts of armored species. From an ecological 
standpoint, the existence of a G. calenatum cyst must 
now be recognized in research on the bloom dy­
namics and geographic distribution of this impor­
tant specie . Since the cyst wall i highly resistant 
and easy to recognize, even in fragments, it may be 
pos ible to examine deep sediments from cores in 
areas such a Spain or T asmania to determine 
whether G. catena tum is a recently-introduced species, 
a common inference ba ed on the sudden appear­
ance of shellfish toxicity in tho e regions. 

Systematics 

Division Pyrrhophyta Pa cher 19 14 
Class Dinophyceae Frit ch 1929 

Order Gymnodiniales Lemmermann 19 10 
Family Gymnodiniaceae (Bergh) Lankester 1885 

Genus Gymnodinium Stein 1878 

Gpnnodinium catenatum Graham 1943 e mend . 
(Figs. l - 16) 

Gymnodinium catenatum Graham 1943:259-61. 
Diagnosis. Small chain-forming dinoAagellate in 

which the cytoplasm is continuous throughout. Body 
circu lar to squa ri h in ventra l view and subcircular 
in anterior view, with approximately a 40 ,urn di­
ameter. Color is golden-brown due to numerous 
mall chloroplasts. Hypocone truncated posteriorly 

with a deep notch at sulcu ; epicone broadly round­
ed in anterior cells or bearing a hon apical protru­
sion in subsequent cells by which attachment to the 
cell ahead is made. An open circular to egg-shaped 
ere t or acrobase up to I 0 ,urn in length is located 
on the ventral side o f the epicone near the apex. 
Cell length to transdiameter ratio varies from 0.64-
1.0. The wide g irdle (0.16 transdiameters) i deeply 
impressed, median, and i displaced 0- 1 girdle 
widths, and occur without striae or o ther surface 
markings. The large, cemrally located nucleus is 
moniliform and slightly lunate. 

The encysted stage is characterized by a thin 
walled, spherical cyst covered with an irregular mi­
croreticulum. The apex is marked by a subcircular 
to egg-shaped paracrobase; a short line of oriented 
paravesicle extend posteriorly from the paracro­
ba e. The laevorotatory paracingulum i marked by 
two parallel rows of oriented paravesicles. The 
cha mic archeopyle is irregularly developed. 

C)•Si Description 

Shape. Spherical, unles excy tment has occurred. 
Excy ted specimens may resemble taxodium-type 
pollen in that the cy t plit and gapes open to a 
varying degree subequatoriall y. The halves may or 
may not be attached a long a narrow isthmus of cyst 
wall. 
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FIGS. 14- 16. Gymnodinium catmatum Graham 1943 reference 
cyst. Scale bars = I 0 ~tm. FIG. 14. ote small , oriented para vesicles 
trending subparallel to the upper margin of the archeopyle. Par­
asulcus lies along the left margin of the cyst. Low focus; bright 
fie ld illumination. f iG. 15. ote the shape of the archeopyle 
margin and the line of small oriemed para vesicles that are nearly 
coincident with the lower archeopyle margin. High focus; bright 
field illumination . FIG. 16. Note the shape of the para vesicles on 
the dinocyst surface. High focus: phase contrast illumination. 

Phragma. Autophragm; internally smooth but cov­
ered externally by a dense microreticulum of low 
( < 0.2 J.Lm) rounded ridges. The ridges delineate mi­
nute three to e ight sided para vesicles less than 3 J.Lm 
across. Five and six sided paravesicles are the most 
common. The cyst surface within the paravesicles 
may bear submicron granae (perforations were ob­
served within some paravesicles but may be pres-

ervational artifacts). The paravesicles are random ly 
distributed over the cyst surface, except for oriented 
bands that delimit the paraci ngulum, parasulcus and 
paracrobase. 

Paratabulalion. None evident. 
Pa racingulum. The paracingulum is bordered by 

two parallel bands of aligned para vesicles . Each band 
consists of two or more rows of oriented, primarily 
fi ve or six sided paravesicles, although in some lo­
cations this pattern app ears less distinct and the 
para vesicles more random (Fig. I 0). These areas are 
approximately the same size, whereas those forming 
the general microreticulum vary in shape and range 
greatly in size. T he adequatorial row of each band 
generally consists of five or six sided, often gabled 
paravesicles, the gables of which point toward the 
equator. The opposite side of each gabled paraves­
icle is flat or nearly so. The alignment of these flat 
sides emphasizes the straightness of the oriented row 
of para vesicles. The other row of each parallel band, 
the adpolar row, often consists of narrow para vesi­
cles that are elongate parallel to the cyst equator 
(Fig. I 0). Sometimes the small para vesicles of the 
adpolar row are elongate transverse to the cyst equa­
tor (Fig. 7). Most paravesicles are four to six sided, 
and one of the ir long sides is shared with the flat 
side of a gabled paravesicle area. There is consid­
erable range in the shape of the para vesicles in both 
rows, but the adpolar row is composed of smaller 
paravesicles than is the adequatorial row. 

Parasulcus. The parasulcus is marked by a longi­
tudinal line of approximately 15 oriented para ves­
icles wh ich begin at the lower margin of the flagellar 
pore region and extend approximately I 5 J.Lm to­
ward the antapical pole. The reflected flagellar pore 
region is marked by a "whorled " pattern of para­
vesicles that seems to have two central foci (Fig. 8). 
The region is oblong and approximately I 0 x 8 J.Lm 
in size. 

Paracrobase. T he circular to egg-shaped paracro­
base is approximately l 0 J.Lm long and almost sur­
rounded by two parallel rows of minute, e longated 
polygonal paravesicle areas. The small, elongate 
polygons merge with larger para vesicles towards the 
adcingular margin of the acrobase. The paravesicles 
within the acrobase margin are as large or larger 
tha n those outside t he margin . These paravesicles 
are more or less circu larly arranged around the in­
nermost para vesicles of the acrobase. A short ( I 0-
15 J.Lm) row of small, four to six sided oriented para­
vesicles extends posteriorly from the acrobase. This 
row of paravesicles, or tail , is reminiscent of those 
bordering the paracingulum, though it is simpler 
and shorter. The tai l points toward the flagellar pore 
region and the break in the track of the paracin­
gulum. The posterior terminus of the tail is bent at 
an angle of 20-40° to the right as it reaches the 
flagellar pore region . At this point the tail is opposite 
the anterior margin of the paracingulum. 

Archeopyle. The cyst splits rough ly in half. The 
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archeopyle margin often coincides with one edge of 
the paracingulum, but in many instances the tear 
occurs randomly. It has the characteristics of a 
chasmic archeopyle (Matsuoka 1985 ). A step-like 
feature is often evident along one part of the ar­
cheopyle margin. The significance of this is un­
known and the feature does not seem to be consis­
tently related to other surface characteristics of the 
cyst. 

Dimensions. Diameter: 38-60 1-Lm (mean 49 1-Lm); 
wall thickness: 0.6-1 1-Lm; polygonal areas, longest 
dimension: 3 1-Lm. Twenty specimens were measured. 

Reference cyst. The cyst reference specimen (Figs. 
14-16) was formed in an incubated plankton sample 
collected from a bloom off Ria de Vi go, Spain. Slide 
5, specimen coordinates on Zeiss Universal Micro­
scope No. 038295, with a rotating stage, are: 1 02.9X 
22.7. (Alternatively, the specimen location is 7.1 mm 
right of and 0.1 mm below the upper left hand cor­
ner of the cover glass.) The slide containing the 
reference cyst resides, temporarily, in the slide col­
lection of J. H. Wrenn. 

Comments. This species diagnosis is emended to 
include, for the motile form, the presence of an 
acrobase on the ventral side of the epicone and gold­
en-brown chloroplasts scattered throughout the cy­
toplasm. In addition, this form includes a resistant, 
microreticulate cyst which bears morphologic fea­
tures comparable to those on the motile stage. The 
microreticulum is clearly seen through a compound 
microscope at a magnification of x 400 or more (Fig. 
3), though some of the details of the oriented rows 
of para vesicles are best seen with a scanning electron 
microscope. For example, the narrow rows of elon­
gate para vesicles bordering the acrobase are evident 
on SEM photomicrographs but look like dark lines 
or shadows through the compound light micro­
scope. The paravesicles bordering the paracingu­
lum, which are also evident on SEM photomicro­
graphs, look like sewing-machine stitching or postage 
stamp perforations under phase illumination. 

Cyst color changed from brown or grey-brown to 
amber or light yellow during palynological process­
ing in HCl and HF acids, but before oxidation with 
nitric acid. Folding and/or fracturing of the cysts 
commonly occurred during sample processing. Pro­
toplasm was noted within some cysts, both before 
and after processing. Accumulation bodies were 
present in some open cysts after processing, com­
monly remaining associated with cysts even if they 
were broken in half, as if they were in some way 
attached to the cyst wall. These were similar to brown 
accumulation bodies noted in the literature treating 
fossil dinoflagellate cysts. 

Comparisons. The cysts are reminiscent of the 
round-brown cysts of protoperidiniacean taxa such 
as Brigantedinium, Diplopsalis, Diplopsalopsis, and 
Zygabikodinium. However, G. catenatum differs from 
those taxa by having a microreticulate surface, an 
irregular archeopyle, and bands composed of two 

or more rows of oriented paravesicles that reflect 
morphological features of the motile stage including 
a tail-bearing acrobase. 

Known stratigraphic range. Holocene. 

We gratefully acknowledge the technical assistance and com­
ments of B. Keafer, J. Commeau, J. C. Lawson, P. Silva and B. 
Reguerra, and the cooperation of the crew of the jose Maria 
Navaz. This work was supported by the United States/Spain joint 
Committee for Scientific and Technological Cooperation, by the 
Office of Sea Grant, National Oceanic and Atmospheric Admin­
istration through grant NA86AA-D-SG090 (R/B 76) to the Woods 
Hole Oceanographic Institution, and by National Science Foun­
dation grant OCE84-00292. J. H. Wrenn thanks AMOCO Pro­
duction Company for permission to publish these research results. 
Contribution No. 6474 from the Woods Hole Oceanographic 
Institution. 

Anderson, D. M. & Wall, D. 1978. The potential importance of 
benthic cysts of Gonyaulax tamarensis and Gonyaulax excavata 
in initiating toxic dinoflagellate blooms.]. Phycol. 14:224-
34. 

Balech, E. 1964. El plancton de Mar del Plata durante el periodo 
1961-1962. Bol. Inst. Biologfa Marina, U. Nat. Buenos Aires, 
Mar del Plata 4:1-49. 

Barss, M. S. & Williams, G. L. 1973. Palynology and Nannofossil 
Processing Techniques. Geol. Survey Canada Paper 73-26. Ot­
tawa, 25 pp. 

Biecheler, B. 1952. Recherches sur les Peridiniens. Bull. Biol. 
Fr. Belg., Suppl. 36:1-147. 

Chatton, E. 1952. Classe des dinoflagelles ou peridiniens. In 
Grasse, P. P. [Ed.) Traite de Zoologie, Vol. I, FASC I. Masm, 
Paris, pp. 209-406. 

Dale, B. 1977. Cysts of the toxic red-tide dinoflagellate Gonyaulax 
excavata Balech from Oslofjorden, Norway. Sarsia 63:29-34. 

Estrada, M., Sanchez, F. J. & Fraga, S. 1984. Gymnodinium cate­
natum (Graham) en las rias gallegas (NO de Espana). Inv. 
Pesq. 48:31-40. 

Evitt, W. R. 1985. Sporopollenin Dinoflagellate Cysts: Their Mor­
phology and Interpretation. Amer. Assoc. Stratigr. Palynol. 
Found., Dallas, 333 pp. 

Evitt, W. R., Lentin, J. K., Millioud, M. E., Stover, L. E., & 
Williams, G. L. 1977. Dinoflagellate cyst terminology. Geol. 
Survey Canada Paper 76-24. Ottawa, pp. 1-11. 

Fraga, S. & Sanchez, F. J. 1985. Toxic and potentially toxic 
dinoflagellates found in Galician rias (NW Spain). In Ander­
son, D. M., White, A. W. & Baden, D. G. [Eds.] Toxic Dino­
flagellates. Elsevier, New York, pp. 51-4. 

Graham, H. W. 1943. Gymnodinium catenatum, a new dinofla­
gellate from the Gulf of California. Trans. Am. Microsc. Soc. 
62:259-61. 

Guillard, R. R. L. & Ryther,]. H. 1962. Studies of marine plank­
tonic diatoms. I. Cyclotella nana Hustedt and Detonula confer­
vacea (Cleve) Gran. Can.]. Microbial. 8:229-39. 

Hallegraeff, G. & Sumner, C. 1986. Toxic plankton blooms af­
fect shellfish farms. Aust. Fisheries 45:15-8. 

Japan Fisheries Resource Conservation Association. 1987. A Guide 
for Studies of Red Tide Organisms. Shuwa, Tokyo, p. 442. 

Keller, M. D. & Guillard, R. R. L. 1985. Factors significant to 
marine dinoflagellate culture. In Anderson, D. M., White, 
A. W. & Baden, D. G. [Eds.) Toxic Dinoflagellates. Elsevier, 
New York, pp. 113-6. 

Luthy, J. 1979. Epidemic paralytic shellfish poisoning in West­
ern Europe, 1976. In Taylor, D. L. & Seliger, H. H. [Eds.J 
Toxic Dinoflagellate Blooms, Elsevier, New York, pp. 15-22. 

Matsuoka, K. 1985. Archeopyle structure in modern Gymno­
dinialean dinoflagellate cysts. Rev. Palaeobot. Palynol. 44:217-
31. 

Mee, L. D., Espinosa, M. & Diaz, G. 1986. Paralytic shellfish 
poisoning with a Gymnodinium catenatum red tide on the Pa­
cific coast of Mexico. Mar. Environ. Res. 19:77-92. 



262 DONALD M. ANDERSON ET AL. 

Morey-Gaines, G. 1982. Gymnodinium catenatum Graham (Di­
nophyceae): morphology and affinities with armoured forms. 
Phycologia 21:154-63. 

Netzel, H. & Durr, G. 1984. The dinoflagellate cell cortex. In 
Spector, D. L. [Ed.] Dinoflagellates. Academic Press, Orlando, 
pp. 43-105. 

Steidinger, K. A. & Baden, D. G. 1984. Toxic marine dinofla­
gellates. In Spector, D. L. [Ed.] Dinoflagellates. Academic Press, 
Orlando, pp. 201-61. 

Taylor, F. J. R. 1975. Taxonomic difficulties in red tide and 
paralytic shellfish poison studies: the "tamarensis complex" 
of Gonyaulax. Environ. Lett. 9:103-19. 

Turpin, D. H., Dobel, P. E. R. & Taylor, F.J. R. 1978. Sexuality 
and cyst formation in Pacific strains of the toxic dinoflagellate 
Gonyaulax tamarensis. J. Phycol. 14:235-8. 

Wall, D. & Dale, B. 1968. Modern dinoflagellate cysts and evo­
lution of the Peridiniales. Micropaleontology 14:265-304. 


	

