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ABSTRACT - A a.nqn:f-:um has produced green-water events along the Atlantic and
Englith Channel coasts of France sinct 1982, It differs marphologically frem each of the
12 faxa or to of green pymnaodinicid dincflagellates Et'-'rtrl-l!i.'-' known. As some mor
logical dietails, a3 well a5 their variability, remain to be ascertained, this organism is ilhas-
wated and described here under the provisional designation of Gymacdinium “sp. 1582%
The presence of chlorophyll & has been confirmed by HPLC analysis but it could notl be
ascertained whether troe chloroplasis are present, or symbeonts. The distribution & coastal
and erwarine. The number and intensity of the outbreake may be related to river runoll
and to the amount of preceding rainfall. An encysted stage i3 described. Some naxios,
pecsismakbly indirect, effects have been reposied

RESUME - Un dinafla du genre Gymnodinium mats d¢ coloration verbe prolifére sur
les cotes francaines de IAtlantique ot de s Manche depuis 1982, principalement en été. 1
differe morphologiquement des quelque 12 espéoes de dinoflageilds gymnodeniowdes “verls®
connus A ©e jour mais, cerfains délails morphologiques aimsi que la variabilite
intraspecifiques restant & préciser, ool organsme esl icl déngne Er-:rmmrmm comme
Gymmodinium “3p. 1982°. La présence de chlorophylle & & £t conflirmée par une ana

en HPLC maks la nature des chloroplasies (dventucllement symbsoliques) n's pu
priciste. La distribution est typiquement cotiere et bes proliférations semblenl corrébees
aux apports flusiadles 1 & la pluviomeétrie des mois précédents. Un stade enkyid el
décrit, ot qui constitue b second <38 comnu d'un lel stade dans ke vasie genre
Gymeodinium, Quelques offets pocifs sur la faune marine ontl été signabés et sont
considéres comme (mdirects (anoxie).
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INTRODUCTION

The biology, ecology and harmful effects of marine plankton algae on
the coasts of France were recently reviewed in a mult-authored hook (Sournia
ef al., 1991). This document was completed by the maddle of 1990 angd consid-
ered 4 algae of major concern, e the dinollagellates (Dinophyceae) Alexan-
drivm minunwn Halim emend. Balech, Miropkysic Ehrenberg spp. and Gprmmodi-
niwn of. magasakiense Takayvama ot Adachi together with the prymnesiophyte
genus Phaeocystis Lagerbeim, Three other microalgae were presented separately
because they have been found in France only recently, and can only be said hy-
pothetically or potentially toxic in this country; these are the dinoflagellates,
Cymnodinfen spirale (Bergh) Kofoid & Swezy and Provocenirum mirnmun (Pa-
villard) Scliller, and the silicoflagellate (Dictyochophyceae) genus, Mictyocha
Lhrenberg.

Events during the last two summers of 1990 and 1991 have drawn atlen-
uton again te a small dinoflagellate, green i eolour, belongmg 1o the
GyrmodinaenfGyrodiniumr complex and a peculiarity of which 12 o be green.
This organism may have occurred in France for the first time in 1982 {Lassus,
1958}, since when its general abundance as well as the exient, the duration and
the miensily of s blooms appear to have been increasing.  Recently, some
harmiul effects have been altnbuled to this dinoflagellate.  Another stimulus to
the present study was the recent work of Walanabe ¢f af. (1987, 1990) which
called attention, for the firsl me, to the exislence of green, symbionl-conlaining
gymnodimonds.

MATERIAL AND METHODS

several bloom events will be reported in this paper. They correspond to
different datn sets collected independently by various werkers (Table 1. The
technigues used, and particularly their degree of sophistication, thus vary, Only
special procedures will be described hereunder.

Fluorescence microscapy: cells fixed with 3 %5 plutaraldebyde and $lained
with DAPI (5 pgfml solution in distilled water) were observed with a Zeiss®
Lab 16 microscope equipped for epifluorescence. Two filter combinations were
used: (LV) BF 365-11fFT 395/LP 397 and (blee) BP 450-490/FT 510/LP 520.

Electron microscopy: cells fixed with 3 %6 glutaraldehyde in sodium caco-
dylate buller were nnsed and poulfixed with 1 ®*s osmium tetroxyde, then dehy-
drated and embedded in Epon lellowing conventional methods.

Pigment analysis: extraction was made in 5 ml of 90 % acclone by
crushing and stirring the lilers with a glass rod, Vials were then stored for 2
hours in the dark at 4°C helore analysis. The HrLC syslem consisied of two
s {Km!rﬂn@. miacel dld), an njeclzon vialve {,-"ﬂll:;;'!:'mnd:'l 210k a
Muorcscence detector (Rontron® spectrofluorometer SPM 25, excitation at 430
nm, emission at 563 nm) and a spectrophotometer (Kontron® Uvikon 72210,
detection at 440 nm) The gradient control and data aoquasition were performed
by a HPLC computer (Kontron™ model 4530), The column (100 x 4.6 mm) was
filled up wath 3 pm QDS Hyperssl. Chlorophyll and carolenoid pigments were
ilwl}'.'l-ud by reverse-phate pon-painng iIPLC I.Ellrlt: the method of H,ni!ht .
Mamtowra (1985). The flow rate was 1.8 ml foun and the solvent program wis
the followng: start from 100 % A (BR:10:10; methanol: water: on-paning rea-
gent) to 100 %% B (60: 40, methanol: acetone) in 5 min, and hold i 100 % B for
3 min, Chloropigments were quantified with solutions of purified pigments; chil.
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a and b were purchased from Sipma®-Chimie, chl. ¢ was isolated from a cul
ture of the diatom Phaeodactylion tricorsulus Bohbn. Carotenoids were identa-
ficd by comparison of ther retention tme with those of pigments of well docu-
mienbed ::pr:-l;il::. {P‘ tracdrmuiurm and e thh_:-mph:.'-ul.-an Meralielfa ferfcofecia
Butcher).

THE ORGANISM

The general shape is subglobular (Figs 1: A-F) to (occasionally) elliptical
(Fig. 1: G). The hypoltheca is equal to or shlightly longer than the epitheca.
Length 20-24 pm (excepionally 3 g, to be confiemed); width 1216 pum. The
antapex 15 deeply indented by the sulcus (Figs 1: D-G). The cingulum is in a
median or very sligthly anterior posilion; it i displaced by about its own width,
e, 1f8 the cell length (Fags 12 D-G) The suleus s deeply impressed and ex-
tends from the apex 1o the antapex with an overall sigmoid path (Fig. 1:0)
Chioroplasts are gencrally green, occasionally vellow-green. cther rounded or
elliptecal, and more or less radially disposed in the cell; there is one pyrencid per
chloreplast. The nuecleus i spherical and central (Fig. 1: H), its diameter being
1f3-1[2 of cell width, Numerous mucocysis and trichocysts are present. o slig-
ma was observed.

HPLC analysis revealed the presence of a relatively large amount of
chlorophyll & a molecular ratio of chl. afchl. & of 2.2 was found. Chlorophyll £
WES l.'iﬂunll:,' absend [ < 0.01 n_!:ﬂ}. Traces of chboro I1'_|.'Ili|:l i and p-lrl':uphl':ll'h-'l-l.l |
were also noted. As :I'EE-‘.I.I‘I‘J.". carolemond [:'|En||:|'|l.1|i1 ~carotene, lutein and violax-
anihin were present, no Frridilﬁn was found and enly traces of fucoxanthin were
naled.

Cyats were observed i feesh samples as well a3 in formalin- and in glu-
taraldehyde-preserved samples (in the latter cnse, fixation may have mduced ex-
ira cncyvstment), They are spherical. have a hyvaline, double membrane and the
din:;l-i:.ur_:.':;l-n refraians visthle imside “'i;. l: I]-. a1 HI.'I11'III1I|‘IL'iI:|I'I of Chsls Wwas ah-
servied lll,ln'n.ﬁ a 3-month laboratlory incubalion.

Negabve of doubilul characiers include the following. Body scales were
shown by ransmission electron microscopy (o be absend in all the material ex-
amined. A “peduncle” (Watanabe of al. 1987) or “cvtoplasmic projection” (Wa-
tanabe er al.. 1990) at the crossing of the cingulum and the sulcus was nol ob-
servied, o apii;ql Eroove wias seen but detailed obhiervation of the ﬂp'n-tlﬂ iy o | l.'ljl
scanning electron microscopy could not be undertaken. Ulrastructural studies
failed 1o ascertain whellier the pigment-containang bodies are troe chloroplasts,
symbionts of symbiotic remnants. Observation by epifluorescence showed over-
lapping of contguous chloroplasis (Fig. 1: 1) reminiscent of the reticulated chlo-
roplast of Lepidodiniem Watanabe of af. (see below). Fig. 1: | may just reflect
the relatively poor resolution of epiflucrescence microscopy, however.  Lasdy,
observations al Les-Sables-d Olonne in 1990 suggest that two size growps occur
along the French coasts, one cell type boing (wice smaller (femgth 12 pm, width
9-10 gm) than the odher in near dimensions.

From the above characters, this organism differs [rom all the previously
described species of Gymuadinium or Gyrodirfum that could be considered akin
at first glance. For each of the species considered, two or several (and nol: a sin-
gle one) features were found to differ. The following “green” dinoflagellates were
considered (hereunder alphabsetically
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= Gymnodinium halophiium Biecheler is variable but always different in
shape, the epitheca being generally longer and wider than the hypotheca., 1t has

a peculiar “languelie” (longue, sirip) which recalls the peduncle of Lepidodiniem.
The chloroplasts are said 1o be yellow-brown in the criginal description (Bie-
cheler, 1952) but yellow-green in Borcakli (1981), hence the mention of this spe-
cies here. According to both Biecheler and Borcakli, this species blooms in the
open water and may also accumulate as deposits on the shore,

- (ymaodinium kerbacewn Kofoid in Kofoid et Swezy is longer and
oveid with a striated hypotheca. Its nucleus is smaller and located posteriorly.

= Gymnodinium imcernem E.C. Herdman, a sand-dwelling species, has a
short hypoltheca, hence a posteriorly located cingulum, and i3 sulcus reaches
neither the apex nor the aniapex.

- rymnodintem mapuelonenre Biecheler s twice as long. The sulcus is
straight, the chloreplasis lamellar and the nucleus clliptical.

« Gymmodinium pyrenoidosum Horiguchi el Chihara has a rounded anta-
pex, a slightly displaced cingulum, a swlews restricted to the hypotheca and a
single choloroplast.

- Gymnodinium varians Naskell s a poorly Known species in which the
angulum is not displaced.

- Crymnodinium vietde Penard (non G, viride Schitt nec G, viride Lebour),
a freshwater species, longer and ellipsoidal in shape, posstesses an anlerior nu-
Cleus,

Gyrrodimium wridescens Kofoid: the cngulum is not displaced and
enly a few chloroplasts are present.

- “Gpmnpdinien sp, (Midorishio) (anonymous species)” in Fukuye of al.
(1990), A red-tide organism in which the sulcus s straight and described as
“somelmes reaching the center of the hy porcone” although it appears to reach
the antapex (sce Fukuyo ef al., 1990, p. 56, fig. DE). The chloroplasis are dis-
tributed radially and peripherally.

« The several new species of green Gymrodinfen described by Yan Meel
(1969 from brackish or coastal walers of Belgium are too poorly described to
allow any comparison (o be made,

- Gepradinium folfaceum Koloid et Swery i3 longer, the angulum 13 much
more displaced, the sulcus 15 siraight and the nucleus s posterior.

Figure 1. Cymacdinium “sp. 19827 (rom dilferent localies. [A-G) Living oells:
(A, ©, E-F) Boy of Vilaine af Assérac, length 32:.15 pm (photogr. by M. Har-
douil). (B) Les Sables d'Olonne, length 10 um [Fﬁﬁlﬂ.l‘. by Ch Hillsrd) (D) La
Bréche d'Hermanville, interference lsght, length 17- m (photogr, by L Fres.
nel). (G) Les Sables d'Olonne, interference light, length 22 um (phatogr. by Ch
Billard). (H) La Briche d'Hermanviile, epifleorescence mucrocopy (LY excila-
1on) after DAPI staining. showing the nucleas (photogr. by H. Micalef). (1) La
Bréche d'Hermanville, epifluorescence micioscopy (blee excuation) sthowing the

autoflucrescence of chloroplans (photogr, by H. Mecalef). (1) Living cysts from
La Briche d Hermanwille in a laboratory cullure, inlerference Llight, méled 19-
21 gm [photogr. by Ch. Bilkard]
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Among the common (nen green) and bloom-forming dinoflagellaies, G-
rocdinium guregafum Hulburl deserves mention here because some early reports
of the present organism have referred to this species,  Although its name has
been widely used, . gwreoflumt remains an enigmatical organism, in the sensc
that all asthors afler |lulburt have obviously been dealing with a different or
with several dilferent organisms (Partensky & Sowrnia, [1986; Partensky er al.,
1988 Partensky in Sournia ef af., 1991). Only the original description is of con-
cern here because of some morphological similarites with the present organism.
These are not more than similarities, however, a5 G. awreolion “ensu stncloe”, in
addition to being a yellow -brown dineflagellate, has a steaight sulcus.

Another green and morphologically resembling dinoflagellate is the re-
cently described genus Lepidodinien.  Sceveral disunguishing features are obvi-
ows, however. First, the body scales, which are given as generic characteristics
by Watanabe et af. (1990), are lacking in our material, as is the ventral pedun-
cle. Then, Watanabe ef al. (1987, 1990) describe Lepidodinium viride, the only
species of the genus thus far, as beng 22.5-32.5 pm oin length, and 18.9-35.3 in
width, Its cingulum appears less displaced. as far as this may be objectively
mecasured, and its sulcus is straight. The antapex s almost round unlike the
French green dinofagellate, Last, L. viride has been shown o possess symbionits
rather than chloroplasts (Watanabe e af., 19%90) but the question i lefh open for
our material, Furthermore, Lepadodiminm’s chloroplast-like organelles are iso-
Lated 1o reticulated, thus forming in the latter case a single organclle.

The green Gymmodinium from the French coastal waters is thus clearly
different from all previously described taxa, However, we are reluctant to add
another species 1o the some 200 previously described ones of the genus (Sour-
mia, 1986, 1990} Since the present desoriplion lacks a few details and morpho-
logical variabalifty in our material remains 1o be investigated, thiz organism is
given here the provisional designotionGymodinfure “sp. 19827, as il appears to
hive been seen for the frst time in 1982, This designation i3 not intended as a
specific name sccording 1o the rules of nomenclature (Greuter, 1988),

THE GREEN WATERS

The cases of green water caused by Gymnodicer “sp. 19827 are listed in
Table 1 and their locations are shown on Fig. 2. In a dozen cases, identification
i lentative since no microscopical examination was possible (Table 1) the in-
terpolation in space and time is legitimate, however, All the cases ocourred in
summer, excepl wo. These ook place in October and December, an unusual
time of tw vear for mass occurrence of phytoplankten in the northern hemi-
sphere.

In their totality, these green waters ocoureed in nearshore or coastal wa-
ters, occasionally in harbours, Al the alfected arcas are exposed to significant
freshwater inputs. The northern arca shown in Fig. 2 is under the influence of
river Scine. The apper part of the southern area is subject both to river Vilaine,
a relatively small river, and to the northward flowing plume of the river Loire.
In the southern area, there is no major rver near la Rochelle bul a number of
small ones.

A majority of green-water phetromena were noticed during 1988 in the
Vilaine-Loire area. This may be correled with the previous, unusually rainy
winter. From a graph produced by Maggi ef al. (in press: data from Station
Meteorologique de Mantes), one may calculate that during the six menths Janu-

Canren MRS Pang



A GREEXN DINOFLAGELLATE ON THE COASTS OF FRANCE T

..’!l;.;é-.l., A
| English [

| Chreanel gl Stinn
-3Eﬂuyc

Figure 3. Location of the green walers
on the French coasts, 1982 to 1991,
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ary 1o June 1988, the Vilaine-Loire region received ncarly twice as much rain
(625 mm) than during the corresponding period averaged for 1951-1980 (360
mm) July alone received 56 mm in 1988 but only 48 mm on average in
1951-1980. Aupgust, however, was very dry in 1988 (13 mm) compared with the
preceding 30 years (mean: 537 mm). Similarly, the events of 1988 on the coasts
of Vendée and Charente may be related to an unusual amount of rain during
the preceding spring (Soulard, 1990 and unpubl. data).

Cymeodingem “sp. 19827 has not been reported s0 far on the Mediterra-
nean coast of France,

As is generally the case with “discoloured waler®, the surface of the sea
is primarily concerned because it is readily observed. Vertical sampling in the
Ray of Vilaine, however, has revealed heavy concenlralions near the boltom
during daylight (Maggi er al., in press) During the course of a 24-hour study in
the harbour of Antifer ("A" on Fig. 1), the highest concentration of Gpmnoed-
miurn “sp. 1982 ° were found in the 0-1 m layer between 200 h and 5 h, while
during the remaining part of the 24-hour cycle, the dinellagellate occupied the
whole 0-5 m layer (Lassus er al.. 1991). On the other hand, positive reactions to
light were observed in the cullure vessels in the laboratory. Phototaxie is thus
questicned in this erganism.

(ther mentions of green waters produced by a dinoflagellate in Euro-
pean walters refer 1o the German Bight in the summer of 1990 (Elbrachter er al.,
1991; Lenz et al., 1991) and the Adriatic during the mid 1980's {G. Honsell in
Elbrachter er af., 1991; G. Hensell, pers. comm.). In both regions, the erganism
responsible was “very similar or identical” to Lepidodinium vieide,

MUTSANCES AMD POTEMNTIAL TOXICITY

Mortalities of marine organisms followed some of the Grmnodinim “sp.
1982° outbursts, Most of them occurred in August-September 1988 ofT southern
Brittany and between Saint-lean-de-Monts and Les-Sables-d Olonne ("W" on
Fig. 2). A few olvers were mentioned in the summer of 1991 o southern Britta-
ny and at Les Sables-d'Olonne "V on Fig. 21 Minor damages were tentatively
attributed to the dinoflagellate in Normandy i 1990 ("B-E” on Fig. 2). On the
whole, mortalities alfected mussels, oysters, some smaller molluscs, shrimps,
crabs, and smaller crustaceans, depending on places. A lowering of the oxygen
content due o decomposition was offered as an explanation.

The green walers are often reported as juicy, mucous or slimy. .
plankion deposits may accumulate on various substrates at low tide (Fig. 3. bot-
tom).

Tourists and swimmers complained aboul the appearance and consis-
tence of the seawater (Fig. 3) and some of them may have suflered (rom skin er-
ritatien. Tests for culancous allergy proved to be negative, however. No toxicily
nor human inox.cation of any kind has so lar been reported.

CONCLUSIONS AMD FUTURE WORK

The reporied ocuthreaks of Gymnodiairs “sp. 1982° add another organ-
ism o the already long list of bloom-forming phytoplankiers which had both re-
mained unknown or unneticed wntil recently and for which the distrbution has
extended in space and time during the course of the Last ten years. This supports
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Figure 3, Top: green waber at Assersc, pesr Pen-HBeé (Rriatany, France), September 1958
Hottom: mucous embedding on a rope a1 low lide, same plece and daie. [Phoio-
graphs by M. Catherine)
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the hypothesis that such events are increasing in extent and frequency (Ander-
son, 1989; Smayda, 19 Sournia ef al., 1991

The present dinollagellate is green, a peculiarity which is notl unigue
among the class Dinophyceae, however, as it 15 shared by at least a dozen other
gvmnodinioid species of the genera Gymnodinium, Gyrodiciwm and Lepidodi-
miwrt. [ remains o be established whether the photosynthetic pigments of G-
nodinium “sp. 19827 are borne by true chloroplasts or by symbionts. The latter
hypothesis is suggested by the presence of chlorophyll & and the lack of both
chl. ¢ and peridinin. In any case, the pigment content of Gperrodinfion “sp.
19827 is totally atvpical for & member of the class Dinophyceae and, rather, it
remninds closely that of the Chloropliyecae.

Table | - Qocurrence of green walers in Franoe, 19&82-1991. Indications are as precise as
fepariod i the arpginal, moitly wnpublished records.  Relerences 1o published ne.

ports [of lmaed dinribution) are given when avallable,  Letters refer 1o ndi-
calpoms on the map (Fig. 2

A green Gywemodimiem dentified from microscopical observation

[982 September 19 (== T} Beiween La Rochelle and le de Ré ANer seversl days of
heasy rain. 124 10* cellfl. Cells only 10 x 7.6 um ? {A spectes dalferent from that
deicribed here T)

1982 Sept. 30 (= ) In the harbouwr of Le Crofsic. Alier bexvy rans

1983 Augusl 5 and the days before (= YY) Xorth and South of ke de Ré along iwo,
A0-Eometer |l!ll'|ill|'l-lll=h-'!'l.

1985 MBEI[ 9-22 (= Y-Z) Off La Rochelle, South and North of Ik de Reé. 1.5 - 3.6 10%

oellf

1955 August 28 (== FA) Bassin de Marenne-Olkroa. 2.6 107 cellfl.

1986 September 30 (= ZA) Arourd [k d Olérom. 7 10% celifl,

1986 Oxtober 14 (— L) Bay of La Turballe. During rainy weather. 3 10%* celifl.

1957 end of July (= 5) La Guerinitre,

1987 July-August (- I} Bay of Vilaine. 5 1.2 10% celifl.

1988 Jume (— ZL O La Hochelle,

1988 July 30 {= X) O La Baule, atong a 10-kilometer bong patch 24 10% celifl Gymmo-
dtnfm plus 0.5 10* cellfl Proroceniruom micant.

1988 August 7-9 (= L} Bay of La Turballe. 0.5 10* cell/L

1988 Augusl 10 and 18 (== I} lle d'1louat. 50.50 107 cellfl.

I98R  August 11-17 [— O) Saint-Mazaire. 24-20 10° lifl.

1988 August 13 (== ¥} Les Sables d'Olonme, 18.4 1h* cellfl.

1988 August 16 (= 1) Bay of Vilaine. 0.3 10% eellfL

V988 August 16-17 [—= M) Batz-sor-Mer and Le Crobsic. < 32 10% cellfl.

1988 August 18 (= G) Le Tour du Parc and Golfe du Morbiban, 4.4 108 celifl.

1968 mid-Auguit 1o beginning of October (-= UL A large portion of the coasts of Yendde
and Charente between lle d Yeu and lke d Oléron. 5 300 10% cellfL

1988 September 5 (— H) Bay of Vilaine. 24 10% ceflfL

L9858 Sﬂ}wmm 12 (—= 1} Hay of Vilaine. 7.3 10% cellfl.

1989 July 17-August 16 (= H} Bay of Vilame, intermittently, 3-8 10% celiji,

1989 July 31-Asgust | (— ZA) Ean of lle d'O%ron. 0.2-42 10% L

P98 Fuly 28-Aupust 16 (= L) Mear 1a Turballe, inlermittently. 10% cellfL

1989 Auvgust 1-38 [= F) {4F Camaret (wesiern Braiiany), infermatienily, 0.7-37 104 ol .

1989 August T-8 (— T} Ie d"Yeu 0.7 10° celljL

198% September 13 (= C) OF Cabourg. 130 celifl.

1990 August ¥2-Seplember 5§ (== [-E) An intermillent or conlinuous, 3- kilometer I.:m;
patch near the mouth of river Orme. 50600 10* cell fL

M0 August I3 (- C}El'.'u}urq;

1990 August 34 (= E) Luc-sur-Mer
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1990 August 27 (- B) Villers-sus-Mer,
1990 August 28 (- D) Francevile.

1990 Aupust 29-30 (- E) Luc-sur-Mer,

1990 August 31 (- D) La Brecke d'Hermanwvlle,

1990 August 29-31 (== A) Antifer harbowr. > B0 cellfl. [Lasius & al., 1991}

1991 July 10 (== ¥} Les Sabdes d'Clonne.

1991 Sepiember 4-13 (= W) Belween Saant-Jean-de-Monts and Les Sables-d Olonpe.
1991 Seplcmber 9-12 (- M) Bay of Le Crolsic. 4.3-5.2 10% celflfL

Mo microscopical identification

1987 August 28 (— L) Bay of La Turballe.

1988 August | and 10-11 (- N) Near La Baule or near Pornichet.
1988 August 9 (= (}) Prefailles (near Sait-Crildas),

1988 August 10 (= Q) Between Chemoulin and Prefailles,

988 August 12 (= R) From La Baule to lle d"Yeu.

1988 August 13 (= W) OIF Saint-Jean-de-Monts.

1958 August 15 (— MXN) Batz-sur-Mer and along the shore of Le Crodsic.
1988 August 15 {(— K-1) lle & Hownst, Belle-lle, Piriac.

1988 August 24-25 (- L) Asserac (near Pen-Bc).

1988 Seprember 6-11 (== L) Asserac,

1958 September 6-7 (== L) From Le Croisic to Assérac.

19588 September 8 (= P) From Prefailles to Saant-Brévin.

1988 October 23 (== L) Asscrac.

1988 December 11 (= L) Asserac.

1991 August 13-22 (- L) Bay of La Turballe.

Some morphological characters require a more carelul examinalion.
These include: (1) the existence or non-existence of a ventral peduncle; (2) the
extension of the sulcus onto the epitheca and the presence or absence of an
acrobase and an apical groove: and (3) the shape, number and distribution of
the chloroplasts or chloroplast-like bodies, with due consideration given 1o Lepi-
dodiriuem in which a reticulated, single plastid may be found. Until this s done,
the French green Geevmodiniumt will be provisionally called Gyrtaadirium “sp.
1982°.

Morphological variability should also be the subject of future invest-
gations, in order 1o ascertain whether a single or several species are present on
the French coasts, A specific question is: do the two apparenl size-groups repre-
senl growth strategies of a single specics, as was established by Partensky er al.
(1988) for Gymmodiniue of, nagasakiense [ = Gprodiniwm el auréslm), or 1wo
different species 7

The distribution of Gymmodimiuer “sp. 19827 is coastal and appears
linked 1o freshew ster runell. The precise (direct) couses of the occurrences re-
main totally unknown, however. Data on any fulure outbreaks should mcude,
as a first step, the following variables: the weather for the preceding months, sa-
linity, nutrient content, turbidity, and an index of stratification,

The presesd work seems to represent only the second dr.sm'!‘pﬂm of a
cvil siage in the lirge genus Gpmnodiniem, the first case being that of Gymmodi-
nfwn catenatum Graham as described by Bravo (1986). Both cysts are morpho-
logically similar but those of G. catenatum are fnely reticulated {Anderson er
al., 1988), a property which has nol been looked for in Gymmodinium “sp. 19827,
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A third species, G. sanguineurt Hirasaka, has been observed (o germinate dur-
ing scdiment incubation, bul the cysts themselves have not been observed (Vol-
lolina & Robinson, 1984).

Lastly, should further harmful effects occur, their cause will have 1o be
closely investigated, in particular to determine whether they result only from
lowered oxygen concenlration as a consequence of bloom decomposition, or
whether Gymrodintem “sp. 19827 is directly noxious in some way, or even toxic.
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