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Les efflorescences

Prolifération massive d'organismes
phytoplanctoniques lorsque les conditions

environnementales leur sont favorables...
(Smayda, 1997)



Cette prolifération peut aboutir a des phénomenes d'eaux rouges

Photo Vag 1% < ﬁ‘-..-(“*. A

Fed Tide in Kat O, Hong Kong (January 2001)
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— " —___Alexandritum-spp.
— —

Toxines Carbhamate Toxines N-Sulfocarbamoyle  Toxines Décarbamoyle (dc)

Poids QA NHSO. pgids Poids
moléculaire moléculaire —CFH  moléculaire

301,31 Bi 380,36 258,28
396,36 c1 475 41 353 33
396,36 c2 475 41 353,33
317,31 B2(GTX6) 396,36 274,28
412,36 c3 491 41 369,33
412,36 c4 491 41 369,33
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Expansion géographique ) il Etude biogéographique:

des événements PSP Alexandrium catenella/tamarense

Greece



Présentateur
Commentaires de présentation
A. catenella was first observed in spanish waters between Baleares Islands and the catalan coast in 1983 by Margalef and Estada. Then this species expanded on the other coasts of the West Mediterranean sea: it was observed in Tunisia in Bizerte lagoon, in Sardinia, in the Olbia harbour, in 1998 in the French coast and more exactely in the Thau lagoon.

in Algeria in the Annaba bay


16E+06 ¢ e iR

B A. catenella

Phénomene récurrent
Bloom printanier et

automnal

Intoxication PSP

Cellule végétative
d'dlexandrium catenella

10pm
Position du pore ventral
(p.v.) d'A. tamarense

Chaine de 8 cellules

Absence de pore ventral
sur la theque A. catenella
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chez Crassostrea gigas

les kystes pelliculaires
se liberent de leurs theques
et donnent des cellules
végétatives viables qui se

- divisent




I Survie des algues toxiques au transit stomacal chez Crassostrea gigas

o o 0 oA R
| Risque d'émergence dans Thau de nouvelles espéces -

(A. tamarense, Dinophysis sp., Pseudo-nitzschia sp....)
Intoxications ASP, DSP.....




Effet des facteurs environnementaux sur la croissance d'A. catenella

Cell yield

[EEN
SN
|

[uny
N
I

=
o
|

[ee]
I

Maximum cell density
*103 cells.mi"L)

Cette espece est:

Euryhaline | .

. roissance
Eurytherme —

Lumiére saturante a partir de
90 ymol.m-2 s-!

Growth rate (div day'l)

Température facteur important

Optimum de croissance
se situe autour de 20 °C

18 21

Temperature (°C)

Fig. 4. Influence of salinity and temperature on (a) the final concentration and
(b) the growth rate of A. catenella, in the 48 combined of salinity and temperature.
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Contribution of known and unknown nitrogen sources to PN-based
growth of A. carenella during blooms

N source % total H growth % total T growth

Nitrate 0.1-3
Nitrite 0.1-1

Principales
sources d'azote

N organique ?

. . . . , i ie ?
Range of values from six series of measurements over 3 years. In the H Mixotrophie :

series with full enrichment, the contribution of NH, corresponds to

20 wmol N 17" and other N sources at in situ concentrations. In the T
series without any enrichment, the contributions of all known N
sources correspond to in situ concentrations.

Différences entre les souches
pour l|'utilisation de |'azote
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Role du kyste dormant dans l'initiation, le maintien et la récurrence des
efflorescences d'A. catenella

B coars de la phace de  aoiscaace -~ -
ri el ; fsgad & celbales en chusie _hatne cellulaire

Fusion des gameétes

Cellule Division 7 _ R Planozygote
vEgétative oI 2

Celbale mobile, lEgéramert phis
grosce et fomcée (chargée de
TéceTwe )

Perte de mobilité et cédimerdation
Division Y

Expulsion
de la théque

Planoméiocyte

aat =, B Le  loeste  de
Shcerce de théque ; phis hf. ¥ B i Sy 1:ési5r.an-:e £ extrait
long que large  =a hage — ; A s amregmdepcgz
abypiquae J ' W L MOING

= N secotdes. T est

Jermination

La celbale s®extrait
i Lyste 4 trawrers
o operoile

Pré-germination Ewste de resistance Ewste de résistance
tnature immature

La foome de la fithme celhale
e descine

Eclarcissermert du optoplaane: des Dionible paroi wisihle , Cetoplase
waooles se rensert da fait de la forvcée et rermpliz de grame de
coneorranation des graite de récerwes TégeIwve

a1 cours de la période de dommace
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Distribution & abondance ?
Temps de survie ?

Germination & ensemencement ?

Photo Genovesi
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Distribution d'A. catenella

Mise en évidence de foyers
de kystes de résistance

Corrélation avec les
caracteristiques
du sediment
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Distribution et Biologie du kyste dormant

Répartition verticale Biologie du kyste

(fenétre de germination)

800¢ 923Q dIgVVv1 4aH
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A. catenella non infecté jusqu'a présent..

Prorocentrum sp. Scrippsiella sp.

3

A. catenella

Possible adaptation des parasites
a A. catenella (espéece invasive)
1Qdire d'années....

Continuer le suivi /n situ




Etat écologique
Trésbon @

l o
@
Mauvais @

RSL 2006

Autres taxons ?
Autres sites ?

Dinoflagellates and eutrophication

Efflorescences toxiques et Diversité algale

1000 3

100

Median TN, uM

10 b=,

Alexandrium
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Heterocapsa T L
v
GE
Prorvocentrum ®
BA 0 v
- L ME
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\‘Ilv Ev\
D py
o % .
g1 BV B4 o‘ c
s "N PO
Bl2m

., GR
o AVe @
LP IS

0.1

1 10
Median TP, uyM

Phytoplancton lagunaire :
diversité vs biomasse ?

Quels déterminants pour les HABs ?
- Diversité génétique inter et intraspécifique ?
- Contrbles environnementaux ?
- Controéles biologiques ?

100


Présentateur
Commentaires de présentation
Dinophysis partout : Leucate Ayrolle Gruissan Thau Ingril Prévost

Alexandrium Leucate Thau Ingril


Median TN, uM
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Dinoflagellés et eutrophisation
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Relations entre groupes phytoplanctoniques, salinité

et eutrophisation

400 4
Eutrophisation + Cyanobactéries E
i Diatomées
Chlorophytes .
B :
2 :
- :
2 ‘
> '
T Pimmim s e e i e e e e e e e e
Lo 1
= '
o '
" et 1
& Cryptophytes :
‘ Dinoflagellés
Eutrophisation - E
: -
0 Salinité (Psu) 60

G. Le Moal, Master2, 2007

22 lagunes du RSL Campagne 2006


Présentateur
Commentaires de présentation
Ce schéma synthétise à la fois les résultats obtenus par l’ACP, l’analyse des salinités moyennes, ainsi que les résultats du suivi de l’eutrophisation du RSL. Les diatomées et les dinoflagellés seraient associés à des milieux plutôt de type marin, tandis que les cyanobactéries, les chlorophytes et les cryptophytes seraient associés à des milieux plus doux. Les cyanobactéries et les chlorophytes dominent dans des milieux eutrophisé, de même que les diatomées, tandis que les cryptophytes et les dinoflagellés semblent caractériser des milieux peu eutrophisés.

22lagunes été 2006 – ACP à partir de la matrice de corrélation de Spearman; SAL ; NITRI ; NITRA ; AMMO ; PO4 ;Chl a

Chlorophylle b (Chlorophytes) ; Péridinine (Dinoflagellés); Fucoxanthine (Diatomées); Alloxanthine (Cryptophytes  -Dinophysis);Zéaxanthine (Cyanobactéries)

 




D83715 Syn elong Toray
Ioeobacter PCC7421
AB154318 unculbact
= PS723 AF216955 lake Riwa, Japan
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2BGNE

P5838 AF448068
Q AY172837 Cyanobium PC North Sea
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0%5326503 AJ639899
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PSGSO AF21 951 PC Lake Biwa, Japan
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_:£7920 AF216948 PC Pond, Tolsa, Finland

9% 100 Merismopedia tenuissima AJ639891 BubaMo basin, Italy V
. 0.1 subst/site

Diversité génétique de Synechococcus et diversité lagunaire

Halotolerant
Synechococcus-PC
/ &“"W_GR
PG # Ayrolle: |, lla, 1l
<‘,i:.;" r Bages-Sigean: |
lla F
( i Salses-Leucate: lla
Marine *’% =
Synechococcus-PE ,,i
(sub-cluster 5.1) ”ﬁ & A S N

-Tres large diversité d’écotypes:
mer -> eau douce
- Forte structuration des populations
- Importance : communications avec la

mer: salinité, canaux, bassin versant,
statut trophique

I\ Synechococcus from Freshwater

PC-PE

Synechococcus from Freshwater-PC




Divers

Diversité et structure des populations d’Alexandrium catenella

ité phylogénétique du genre Alexandrium
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£J005050
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Q178867
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RIB21734
/317945
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— 10
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o8 AF 145224 A cobortioulz
3 AF08242 A fratercuis

GICA2GIARE genes
AYE31406

AYE31407
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ABO06AT3 FK-TBEA gene
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AJ272120
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A. tamarense NA

AF374226
AF374224
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THXA1, Japan

-2, Japan

CF¥102, Japan
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AJa51289, 4, tamarense, taly

ko-3. Japan
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AY3AT308, Korea

AJGE2912, Mediterranean, Spain

AJ380325, Mediterranean, Spain
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AJIEEEE0, Mediterranean, France, Thau Lagoon
DQ176662, A, tamarense, China

DQ173658, China .
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AJIERGEI, Mediterranean, Spain

AJSE2911, Mediterranean, Spain

AJ508264, Mediterrangan, France, Thau Lagoon
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A. catenella TA

Structure génétique des populations francaise et

japonaise
Souches Japonaises
2 O Vegetative cells 200:
A 0 Cysts 2004
15 B @ Cysts 2002
. 0 Vegetative cell 2003
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A A A A Uchinoumi 2002
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ULUTTOTS (f .
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L'opéron ribosomal ne peut pas élucider la variabilité
intraspécifique parmi les populations d’A. catenella du clade
géographique Asie Tempérée

DAT7863Y, A tamarense, China

01 lAJ%BEMMeditenaneanﬁpam
— AJSED3NT, Mediterrangan, [taly

Mise en évidence de trois lignées distinctes au
sein de I'espéce A.catenella grace aux marqueurs
microsatellites




Mise en place de la souchothéque
au sein dETDA-ECOLAG

e "“"w:ws--«--u.. T Qusweyas
X . e e ]
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- Isolement de plusieurs centaines de souches
monoclonales

—. - Culture de cellules issues de kystes
de résistance

_ - A terme constituer une souchothéque
"W’ de référence des microalgues toxiques
. apparaissant en Méditerranée

— aad

Les souches seront utilisées
dans les études génétiques,
toxiniques et écophysiologiques



- Allelopathic effects of Zostera marina and Zostera noltii on the

growth of the toxic dinoflagellate .f{fﬁ}i :
Alexandrium catenella Y ga'} 5
Mohamed Laabir*, Micheline Grignon-Dubois?, Bernadette Rezzonico?, Philippe Cecchil, Manuel Rouquette! and Estelle Masseret! »

1UMR 5119 UM2-CNRS-IFREMER-IRD Ecosystemes Lagunaires, Université Montpellier 2, Place Eugéene Bataillon, 34095 Montpellier Cedex 05, France.
2Phytochimie et Valorisation de la Biomasse (PhyValBio), Université Bordeaux |, 351, cours de la Libération, 33405 Talence cedex, France.

*Mohamed.laabir@univ-montp2.fr ECOLAGUNES Project
Introduction

In the Thau lagoon (a French Mediterranean coastal lagoon), a bloom (85000 cellules.It) of Alexandrium catenella occurred for the first time in November
1998. Later similar episodes appeared regularly in spring and autumn reaching high cell concentrations (5*108 cells.|") that induced the closing of shellfish
farms. Allelopathy is a process implying secondary metabolites excreted by plants and micro-organisms which affects the competitive efficiency of the
coexistent organisms. Zostera marina and Zostera noltii produice bioactive molecules as zosteric acid, a sulphated natural product able to prevent
settlement of some marine bacteria, algae, barnacles and tube worms at non-toxic concentrations. These seagrass species contain also rosmarinic acid
which have been reported to have a number of biological activities in vitro, such as antiviral, including human immunodificiency virus 1, antibacterial,
antioxydant, anti-inflammatory and anticarcinogenic. Water-soluble extract of Z. marina leaves inhibited the growth of micro-algae and many marine
bacteria.

Thau Lagoon

Preparation.of the tested
extracts

Methanolic extract

hanolic extract | L : ! The present study investigates non-nutrient relationship between two dominant

Hydromethanolic 1 1 : { 7 [C seagrass species and A. catenella a toxic dinoflagellate blooming worldwide

extract f P § which is often responsible of paralytic shellfish poisoning events. Aqueous and

1 f : methanolic crude extracts were prepared from two seagrasses, Z. marina and

Z. noltii which were collected on the beaches of Arcachon lagoon. The potential

allelopathic effects of different concentrations of these extracts have been

tested on the growth of A. catenella (strain collected in Thau in 2003) by using
bio-essays.

A. catenella was grown in batch cultures using ESAW medium
(Harrison et al. 1980) under appropriate light (100 pmoles.m-
2.s1) and temperature (20 1 C) conditions. To test allelopathic
effect of Zostera species, target species was cultivated in
culture medium with different concentrations of the extracts.
Nutrients were added at (t0) in order to control the nutrient
concentrations in the different tested treatments, including
controls.

Methanolic extract Aqueous extract

BR-2173.1.5

Detritus of the sea grasses Z. noltii and
Z. marina collected on the beaches of
Arcachon Lagoon over a 3-year period
contain , a natural sulphated

phenolic acid and a
phenolic acid an economically |mportant
metabolite. (Achamlale et al. 2009a, b)

Cellsim!

_l - Extracts from Zostera noltii BLalalleli(e]aNe) WAWNeE1(=1a[=1 | FY grOWth
I
|
‘Biological test

Our observations using photonic microscope showed that cells which ,
stopped to divide in the presence of very low concentrations of the
tested extracts presented morphological anomalies and lysis.

BR-2098

BR-2097.1.5

Inhibition of photosynthetic activity

Recent results (no shown here) clearly indicate that methanolic
extract (BR.2173.1.S) of Z. Noltii have also a significant negative

effect on the photosynthetic activity of A. Catenella (Phytopam
fluorescence measurements during microcosm’s experiments).

Time
inhours

These results highlighted the strong inhibition effect exerted by natural extracts of Zostera sp. on the growth of A. catenella, even at very low
concentrations. Extracts from leaves of Zostera species originated from Thau lagoon will be tested. Additional experiments will be dedicated to test
the effect of continuous release of allelochemicals from the fresh seagrass tissues on the growth and the physiological activity of A. catenella.
Because of the severe economic and public health caused by harmful microalgae, the allelopathic substances from Zostera detritus may be
considered as potential candidates to mitigate the effects of harmful algal blooms on shellfish aquaculture in lagoons.

Achamlale S., Rezzonico B., Grignon-Dubois M. 2009a. Evaluation of Zostera detritus as a potential new source .of zosteric acid. J. App. Phy. 21:347-352.

Achamlale S., Rezzonico B., Grignon-Dubois M. 2009b. Rosmarinic acid from beach waste: Isolation and HPLC quantification in Zostera detritus from Arcachon lagoon. Food .Chem. 113:878-883.
Buchsbaum R.N., Short F.T., Cheney D.P. 1990. Phenolic-nitrogen interactions in eelgrass Zostera marina L.: possible implications for disease resistance, Aquat. Bot. 37: 291-297.

Collos Y., Gagne C., Laabir M., Vaquer A., Cecchi P., Souchu P., 2004. Nitrogenous nutrition of Alexandrium catenella (Dinophycea) in cultures and in Thau lagoon, southern France. J. Phycology., 40 : 96-103.
Harrison P.G., Chan A.T. 1980. Inhibition of the Growth of Micro-Algae and Bacteria by Extracts of Eelgrass (Zostera marina) Leaves. Marine Biology 61: 21-26.

Harrison P.G. 1982. Control of Microbial Growth and of Amphipod Grazing by Water-Soluble Compounds from Leaves of Zostera marina. Marine Biology 67: 225-230.

Todd J.S., Zimmerman R.C., Crews P, Alberte R.S. 1993. The antifouling activity of natural and synthetic phenol acid sulphate esters. Phytochem. 34: 401-
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