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The ability of Zostera spp. to produce allelochemicals has been tested in la boratory using 
bioassays. Aqueous or methanolic extracts from leave s of Zostera marina and Z. noltii were 

assayed to determine their allelopathic effects on A. catenella.

Preparation Preparation 
of the of the 
extractsextracts

Allelopathy is a biological phenomenon by which an organ ism produces one or more biochemicals that influence th e growth, 
survival, and reproduction of other organisms. These substances are known as allelochemicals and can have b eneficial (positive allelopathy) 
or detrimental (negative allelopathy) effects on the t arget organisms. Aquatic macrophytes have long been s uspected of suppressing 
phytoplankton growth through the production and exc retion of chemical substances. 

Alexandrium catenella is a widespread PSP toxin-producing dinoflagellate s pecies. Since 1998, recurrent A. catenella blooms have 
been observed in the Thau lagoon (French Mediterrane an coast), leading to the closing of shellfish farm s (Collos et al., 2007), but never in 
Arcachon lagoon (French Atllantic coast). Analyses of  REPHY and REBENT monitoring network database showe d a low occurrence of
Alexandrium blooms in the vicinity of extensive Zostera beds. This led us to investigate the non-nutrient r elationship between Zostera species
and A. catenella .

Red tide in Thau lagoon

• Zostera marina (eelgrass) is found on both coasts of North America, as well as in Europe. 
• Zostera noltii (dwarf eelgrass) occurs along the Atlantic European and  northen African coasts and the Mediterranean

sea. It s distinguished from Z. marina by its smaller size, and by the colour and shape of the  leaves. 
• The two species produce bioactive phenolics among whi ch zosteric acid, rosmarinic acid and flavonoids

(Achamlale et al., 2009)         

RosmarinicRosmarinic acidacid

Z. marina: 2 sousZ. marina: 2 sous --espesp èècesces
Z. noltiiZ. noltii

36Zm Th-F-MMeOH refluxFresh leaves

45Zm A-F-MMeOH refluxFresh leaves

92.2Zm A-D-MMeOH reflux

239.5Zm A-D-WWater, rtdetrital leaves
Z. marina

39.6Zn Th-F-MMeOH refluxFresh leaves 

36.1Zn A-F-MMeOH refluxFresh leaves

79.8Zn A-D-MMeOH reflux

199.7Zn A-D-WWater, rtdetrital leaves

Z. noltii

IC50 (mg.L -1)Extract code*Extraction MethodPlant materialSpeciesExtracts obtained from detrital and fresh leaves of Z. marina and Z. noltii strongly inhibited the 
growth of A. catenella at very low concentration whatever the extracts. Alexandrium cells showed 
severe morphological anomalies when exposed to the extracts. Significant reduction of their 
photosynthetic activity was systematically observed  after 4h of exposure, which became more marked 
as time went on. 

A long-term inhibition was observed without the nee d of continuous addition of extracts, 
suggesting that the allelochemicals produced by Zostera are stable in the medium. The significant 
amounts of phenolics contained in the extracts could  be responsible of the inhibition effects observed.

This is the first report of the allelopathic potenti al of Zostera species against a dinoflagellate. 
Considering the deleterious impacts of HAB on publi c health and economic resources, the 
allelochemicals from Zostera detritus may be considered as potential candidates to mitigate the effects 
of Alexandrium blooms on aquaculture.
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Materials and Methods
A. catenella was grown in batch cultures using ESAW medium  unde r appropriate light (µmol photons.m -2 s-1) 

and temperature (20±1°C) conditions. 
Methanolic and aqueous extracts were prepared with Zostera leaves from the Bay of Arcachon and the Thau

lagoon. They were analyzed for both the identity and  quantity of phenolics present.
To test allelopathic affect of Zostera species , target species was cultivated in culture medium w ith different

concentrations of the extracts. The inhibition test s were conducted in 6-well sterile plates (72 h). T he nutritive 
medium was brought entirely at T0 time. A. catenella was added to each well (inoculation concentration o f 800-
1000 cells.ml -1) and the growth was monitored by direct microscopi c counts of cells. The effect of the crude The effect of the crude 
extracts on the rate of photosynthesis II (PS II) i n extracts on the rate of photosynthesis II (PS II) i n A. A. catenellacatenella was assessed by sensitive was assessed by sensitive fluorimetricfluorimetric
measurement of chlorophyll fluorescence of measurement of chlorophyll fluorescence of photosystemphotosystem II (PS II) using II (PS II) using PhytoPhyto --Pam. Pam. 0.70
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Chemical analyses showed that ZosteraZostera leaves contain large amounts of leaves contain large amounts of 
phenolicsphenolics . Rosmarinic acid (RA; 75-105.36 mg.g -1 dry weight) and flavonoids
(Fl;  7.02-82.87 mg.g -1 dry weight) presented the higher concentrations, wh ile 
Zosteric acid (ZA; 0.17-1.3 mg.g -1 dry weight) was always the minor phenolic
acid. Z. noltii contains the higher amounts of phenolics (65.51-188. 59 mg.g -1

dry wt).  Z. marina was less rich in phenolic acids,  with a maximum of 58.52 
mg.g -1 dry weight for fresh leaves sampled in Arguin (Arcac hon).

Phenolic content of the extract (mg,g -1 dry wt)
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Photos showing heavy morphological 
anomalies affecting A. catenella cells 
exposed to increasing amounts (0.03-
0.27%) of Zostera extracts.



Micheline GrignonMicheline Grignon --DuboisDubois
Directrice de Recherche au CNRSDirectrice de Recherche au CNRS

m.grignonm.grignon --dubois@phyvalbio.udubois@phyvalbio.u --bordeaux1.frbordeaux1.fr

Les substances Les substances allalléélopathiqueslopathiques
chez chez ZosteraZostera marinamarina
et et ZosteraZostera noltiinoltii



ZosteraZosteraZostera dans les mers du globedans les mers du globedans les mers du globe

Z. Z. noltiinoltii
espesp èècece essentiellementessentiellement EuropEurop ééenneenne :  :  AtlantiqueAtlantique , , 
Iles Iles britaniquesbritaniques , , MerMer BaltiqueBaltique , , MMééditerrannditerrann ééee, , MerMer

Noire, Noire, MerMer CaspienneCaspienne , , MerMer dd’’AralAral ..
Petit Petit peuplementpeuplement au au MarocMaroc et en et en MauritanieMauritanie

ZosteraZostera marinamarina
sur la plupart des rivages europsur la plupart des rivages europ ééens, la mer Noire ens, la mer Noire 

et une partie des rivages asiatiques. Peuple et une partie des rivages asiatiques. Peuple 
éégalement toutes les côtes dgalement toutes les côtes d ’’AmAm éérique du Nord.  rique du Nord.  

2 sous2 sous --espesp èèces: ces: Z. marinaZ. marina LinnaeusLinnaeus et et Z. Z. 
angustifoliaangustifolia ((HornemHornem .).)

Z. Z. noltiinoltii

Z. marinaZ. marina

Espèces ingenieurs peuplant les zones côtières : 
contribuent à la structure physique des milieux litt oraux (filtrent la colonne d’eau, stabilisent les s édiments, créent 

une zone tampon le long de la côte.
formations végétales clés:  niveau de production pr imaire et biodiversité très élevé,es ce qui les class e parmi les 

écosystèmes les plus productifs de la planète.

Les herbiers constituent des écosystèmes remarquabl es, qui présentent un fort intérêt 
écologique, patrimonial et économique.



Les composés allélopathiques sont libérés dans 
l’air ou le sol (plante terrestre), l’eau  ou le sé diment (plante aquatique).

Allélopathie en milieu marin : peu étudiée

deux types de substances allélochimiques : 

�les allomones, qui procurent un avantage 
à l’organisme qui les émet (substances 

défensives) 
�et les kairomones, qui procurent un 

avantage à l’organisme qui les perçoit. 

AllAll éélopathielopathie (allelon du grec "mutuel" ou "réciproque" et pathos "souffrance " 

Interaction entre organismes par l’intermédiaire de  molécule chimiques, 
généralement des métabolites secondaires, capables d’affecter la croissance, la 
santé, la biologie ou le comportement d’une autre e spèce. Ces signaux peuvent 

être inhibiteurs ou stimulants. 



Potentiel allélopathique de Zostera marina
(données relatives à Z. marina d’Amérique du Nord)

Potentiel Potentiel allall éélopathiquelopathique de de ZosteraZostera marina
(données relatives à Z. marina d’Amérique du Nord)

Extrait aqueux de feuilles :
Inhibition de la croissance de micro-algues et de b actéries:

�P. G. Harrison, A. T. Chan, Marine Biology 61, 21-26  (1980)

Contrôle de la croissance microbienne et de la cons ommation par les amphipodes:
�P.G. Harrison, Marine Biology 67, 225-230 (1982).

<0>

Rôle possible des phénoliques dans la résistance à Labyrinthula zosterae, agent 
pathogène primaire de la « wasting disease ». 

�R. N. Buchsbaum, F. T. Short, D. P. Cheney, Aquat. Bot. 37, 291 (1990).
�L. H. T. Vergeer, A. Develi, Aquat. Bot. 58, 65 (19 97).

<0>

Caractérisation de l’acide Zostèrique (acide phénolique sulfaté) ayant des propriétés
antifongiques et antibactériennes.

� J.S. Todd, R.C. Zimmerman, P. Crews, R.S. Alberte, P hytochem. 34,401 (1993). 
�Applications : agrochimie, antifouling 



Un constatUn constat : pas de bloom d: pas de bloom d ’’AlexandriumAlexandrium dans les zones abritant des dans les zones abritant des 
herbiers herbiers àà ZostZost èère denses : Bassin dre denses : Bassin d ’’ArcachonArcachon

HypothHypoth èèse de travailse de travail : les Zost: les Zost èères sres s éécrcr èètent dans le milieu tent dans le milieu 
des substances  des substances  allall éélopathiquelopathique capables dcapables d ’’ inhiber le dinhiber le d ééveloppement veloppement 

dd’’AlexandriumAlexandrium catenellacatenella

Bloom: 
division 

exponentielle

Stratégie :
Extraire et identifier ces substancessubstances
Evaluer leur potentiel allélochimique

Communication chimique interCommunication chimique inter --espesp èèce ce -- stratstrat éégie de dgie de d ééfensefense



extraction / isolation 
processes

Phenolics

Phenolics

sugars

n-BuOH

AcOEt

MeOH/H2O

Seagrasses

Methanolic extractMeOH

Aqueous methanolic
extract

Continuous
extraction



Coll. G. Coll. G. ArzulArzul , Ifremer, Ifremer

Inhibition de la croissance dInhibition de la croissance d ’’espesp èèces ces microphytoplanctoniquesmicrophytoplanctoniques
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Tous les extraits montrent un fort pouvoir 
inhibiteur à faible concentration, y compris ceux 
préparés à partir des détritus. 
Corrélation inverse significative entre  
concentration en polyphénols et IC 50, ce qui 
confirme leur rôle dans l’activité inhibitrice 

observée

Coll. E. Coll. E. masseretmasseret & M. & M. LaabirLaabir (UM2)(UM2)



Les substances phLes substances ph éénoliques chez noliques chez ZosteraZostera

Acide Rosmarinique
flavonoïdes sulfatés

Acide Zostérique

(antifongique, 
antibactérien, 
antisalissure)

Objectifs : caractériser les polyphénols responsable s de l’activité inhibitrice ( Z. noltii et Z. marina )
Variation interspécifique

Variation saisonnière de leur production
Sont-ils tous identiques quel que soit l’herbier : varaiabilité géographique?

Sont-ils exsudés dans le milieu marin? : Zostère vi vante & échouages (laisses de mer)
Impact des facteurs anthropiques sur leur productio n

ccaractaract éérisation chimique : mise en risation chimique : mise en éévidence de substances vidence de substances biobio --activesactives

anti-oxydant puissant, antiviral 
anti-asthénique, anti-inflammatoire, 

antimutagène, antibactérien

Chez les plantes terrestres, les composChez les plantes terrestres, les compos éés phs ph éénoliques jouent un rôle majeur dans l'interaction d es noliques jouent un rôle majeur dans l'interaction d es 
plantes avec leur environnement. Ils peuvent être s oumis plantes avec leur environnement. Ils peuvent être s oumis àà dd’’ importantes fluctuations face aux importantes fluctuations face aux 

agressions du milieu et ont de ce fait une grande i mportance en agressions du milieu et ont de ce fait une grande i mportance en éécophysiologie.cophysiologie.



Teneurs importantes en Teneurs importantes en 
polyphpolyph éénolsnols tout au long tout au long 

de lde l ’’annann éée : e : 
1600016000--46000 ppm/46000 ppm/ psps

Pics saisonniers : hiver et Pics saisonniers : hiver et 
parfois automneparfois automne

Production des Production des polyphpolyph éénolsnols : variation saisonni: variation saisonni èère chez re chez 
Z. Z. noltiinoltii (Bassin d(Bassin d ’’Arcachon) Arcachon) 
--Suivi mensuel dSuivi mensuel d ’’un herbier pendant 3 ans (2007un herbier pendant 3 ans (2007 --2010): 44 collectes, 76 extraits pr2010): 44 collectes, 76 extraits pr ééparpar éés et s et 
analysanalys éés (RMN, HPLC)  s (RMN, HPLC)  

HiverHiver

PrintempsPrintemps
AutomneAutomne

EtEtéé

HiverHiver AutomneAutomne
HiverHiver

Extraits MeOH : ppm de subtance/plante sèche
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Extraits MeOH : ppm de subtance/plante sèche
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Ac zostérique( ZA): faible 
teneur  par rapport à RA et Z2S, 

mais relativement constante 
: 300-400 ppm

Ac. rosmarinique (RA) très variable 
selon saison: 2500-24000 ppm (pic 

hivernal)

fortes teneurs de diosmétine
sulfaté (Z2S) tout au long de 

l’année : 
7500-21000 ppm

Production de biomasse : 30000 Production de biomasse : 30000 –– 44000 T/an (44000 T/an (psps ))
PolyphenolsPolyphenols :  10000:  10000--40000 ppm/40000 ppm/ psps soit 300 soit 300 –– 1700 T/an1700 T/an



VariabilitVariabilit éé ggééographique chez ographique chez Z. Z. noltiinoltii

Golfe du MorbihanGolfe du Morbihan
(56)(56)

Ria Formosa (Pt)Ria Formosa (Pt)

Bassin Bassin 
dd’’Arcachon Arcachon 

(33)(33)

Baie de Cadiz (Es)Baie de Cadiz (Es)

Etangs Etangs 
MMééditerranditerran ééens:ens:

Salses Leucate (69)Salses Leucate (69)
Thau (34)Thau (34)
Berre (13)Berre (13)

Iles BalIles Bal ééares (Es)ares (Es)



Z. Marina : 2 sousZ. Marina : 2 sous --espesp èècesces
Z. marinaZ. marina LinnaeusLinnaeus et et Z. Z. angustifoliaangustifolia ((HornemHornem .).)

Z. Z. noltiinoltii

Z. Z. angustifoliaangustifolia ((HornemHornem .) domine en Mer Baltique, tandis que .) domine en Mer Baltique, tandis que Z. marinaZ. marina LinnaeusLinnaeus domine sur la fadomine sur la fa ççade Atlantiqueade Atlantique

 Zone géographique Z. noltii Z. marina 
Bassin d’Arcachon x x 
Golfe du Morbihan x x 

Etang de Thau x x 
Etang de Salses 

Leucate 
x x 

 
 

France 

Etang de Berre 
 

x  

Delta de l’Ebre x  
Cadiz x  

 
Espagne 

Baléares 
 

x  

Portugal Ria Formosa 
 

x  

Danemark (Baltique) x Mer 
Baltique Pologne (Baltique) 

 
x 

Californie (côte ouest) x USA 
Massachuset (côte est)  x 

VariabilitVariabilit éé ggééographique ographique 
chez chez Z. marina?Z. marina?



�� Herbiers marins: particuliHerbiers marins: particuli èèrement rement 
fragiles et sensibles fragiles et sensibles àà la dla d ééttéérioration de la rioration de la 

qualitqualit éé des eaux et des eaux et àà la concentration la concentration 
d'activitd'activit éés humainess humaines

�� 60 % de la population mondiale vit sur le 60 % de la population mondiale vit sur le 
littoral. Si rien ne change : 80% attendu en littoral. Si rien ne change : 80% attendu en 

2030 2030 

�� Le littoral est le rLe littoral est le r ééceptacle de toutes les ceptacle de toutes les 
pollutions dpollutions d ’’origine continentale.origine continentale.

RRéégression des herbiers gression des herbiers 
marins           perturbation marins           perturbation 

de lde l ’’ensemble de  ensemble de  
ll ’é’écosystcosyst èème côtierme côtier



Régression des herbiers 



La Directive Cadre sur la Stratégie pour 
le Milieu Marin (DCSMM ; 2008/56/CE) établit une 
politique communautaire visant à atteindre ou 
maintenir un « bon état écologique » du milieu 
marin au plus tard en 2020. 

Deux types de descripteurs sont utilisés 
pour qualifier les herbiers marins: leur superficie  et 
les caractéristiques démographiques et 
biométriques des populations. Ils permettent de 
mettre en évidence l’évolution des milieux, mais 
pas d’anticiper les destructions d’habitats, alors 
qu’il serait primordial d’agir à un stade précoce. 

En matière de dysfonctionnement, le 
lien causes-effets est difficilement identifiable à
l’échelle macroscopique.

Parallèlement à ces descripteurs, nous 
proposons d’utiliser un outil « bio-marqueur 
capable de décrire l’état de la plante à l’échelle 
moléculaire.

L’objectif est de pouvoir détecter au 
niveau du métabolisme, les signes avant-coureurs 
de la régression pour permettre une gestion 
préventive de ses effets dévastateurs.

RRéégression des herbiers gression des herbiers 
marins                  perte de marins                  perte de 

biodiversitbiodiversit éé

La biodiversité augmente la capacité
des écosystèmes à réaliser différentes 

fonctions écologiques, qui sont à
l’origine des services écosystémiques

(bénéfices directs ou indirects 
l’homme). 

Herbier : environ 150 espHerbier : environ 150 esp èèces       ces       SSéédiment nu diment nu ∼∼∼∼∼∼∼∼ 2020



algues vertes opportunistes, halophytes envahissantes :
les poisons des lagunes

Quelques exemples de stress 
subi par les herbiers



ComparaisonComparaison GermananGermanan/Taussat/Taussat

-- ééchantillonschantillons du 28/05/09du 28/05/09

Apparition de zones deApparition de zones de
«« ddééppéérissementrissement »» ::

Vert, devient noirâtre, puis rougeâtreVert, devient noirâtre, puis rougeâtre
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DDééppéérissement : perte des rissement : perte des polyphpolyph éénolsnols
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Impact dImpact d ’’algues nitrophiles (algues nitrophiles ( CladophoraCladophora
agaegropilaagaegropila et et EnteromorphaEnteromorpha intestinalisintestinalis ) ) 
sur les herbiers sur les herbiers àà Z. Z. noltiinoltii (site (site 
dd’’Arcachon): Arcachon): 
LL’’accumulation daccumulation d ’’algues vertes sur algues vertes sur 
ll ’’herbier conduit herbier conduit àà la diminution du la diminution du 
contenu phcontenu ph éénolique des feuilles de nolique des feuilles de 
ZostZost èère.re.
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L'apport excessif de nutriments (azote, phosphore) est directemeL'apport excessif de nutriments (azote, phosphore) est directeme nt nt 
toxique pour les herbiers, mais plus grave, il stim ule la croisstoxique pour les herbiers, mais plus grave, il stim ule la croiss ance ance 
des des éépiphytespiphytes et des algues flottantes macroscopiques et et des algues flottantes macroscopiques et 
microscopiques. Cela se traduit par une diminution de la quantitmicroscopiques. Cela se traduit par une diminution de la quantit éé de de 
lumilumi èère solaire pouvant atteindre les feuilles des plant es, ce qui re solaire pouvant atteindre les feuilles des plant es, ce qui 
rrééduit leur photosynthduit leur photosynth èèse et donc leur se et donc leur production primaireproduction primaire . . 

Les épiphytes (du grec έπί

«sur», φυτόν «végétal»; 
littéralement «à la surface 

d'un végétal») sont des 
plantes qui poussent en se 

servant d'autres plantes 
comme support. 

QuantitQuantit éé dd’é’épiphytes sur les feuilles: 6>>3>2=5>>7piphytes sur les feuilles: 6>>3>2=5>>7

Impact des facteurs anthropiques sur la production des  Impact des facteurs anthropiques sur la production des  polyphpolyph éénolsnols
((ZosteraZostera noltiinoltii , , éétang de Salsestang de Salses --LeucateLeucate ))
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Gestion environnementale des zones 
lagunaires à vocation aquacole- Eco-lagunes

2009-2011 : 
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Les objectifs: Les objectifs: 
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ddééveloppement dveloppement d ’’une activitune activit éé ééconomique durableconomique durable
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One of the most interesting and fast developing fie lds in phytochemistry is chemical taxonomy, also cal led biochemical systematic. Some of the 
most useful chemical markers are the secondary meta bolites. They have been demonstrated to play an ecol ogical role, being involved in (pathogenic) 
interactions between plants and microorganisms or i n communication with a symbiont. In the interaction  of a plant with its abiotic and biotic 
environment, secondary metabolites provide protecti on against abiotic stress (such as ozone, UV light, cold, drought, heavy metals, or nutrient 
deficiency) or selective defense against herbivory an d pathogen infection. 

Phenolics are of a great importance in seagrass-envi ronment relationships due to their involvement in t he response of the plant to stress. Only a 
few studies have investigated the concentration of phenolics in Zostera noltii, aside from our papers related to rosmarinic and zo steric acid. Our 
ongoing studies have shown that the phenolics contai ned in Z. noltii from the bay of Arcachon and Thau lagoon (France) sig nificantly inhibited the 
growth of microphytoplancton spp. like Chaetoceros gracilis and Alexandrium catenella (1,2). 

Documenting the presence of phenolics in living tiss ues of Z. noltii, and how these compounds vary in abundance between  seagrass meadows 
across large geographical scales and growing in dif ferent habitats conditions is crucial to understand ing the landscape-level adaptability of the plant 
to environmental factors..

1. M. Grignon-Dubois, G. Arzul, Results to be publishe d.
2. M. Laabir, M. Grignon-Dubois, P. Cecchi, B. Rezz onico, F. Rieuvilleneuve, E. Masseret, in :  Proceeding of the 4th mediterranan symposium 
on marine vegetation. El Asmi, S., Langar, H., Belgacem, Tunis, 251 pp. 2 010, 187-188.
3. S. Achamlale, B. Rezzonico, M. Grignon-Dubois, Food Chem. 113, 878-883 (2009).
4. S. Achamlale, B. Rezzonico, M. Grignon-Dubois , J. Applied Phyc., 21, 347-352 (2009)..
5. M. Grignon-Dubois, B. Rezzonico, T. Alcoverro, E stuarine, Coastal and Shelf Science, under press.

Chemical analyses showed the sampled seagrasses leav es 
contain  flavonoids and phenolic acids including rosm arinic acid 
(RA), and zosteric acid (ZA) (3-5). RA and ZA were f ound at all the 
locations. The concentration of RA is seasonally de pendent (2.75-
105.36 mg.g -1 dry weight), while the variations in the ZA remains  
low (300-400 µµµµg.g-1 dry weight).
The three types of phenolics are present in methanol ic extracts, 
while water allows selective extraction of flavonoid s and ZA.

Z. noltii leaves were collected from eight seagrass beds 
representative of three types of coastal ecosystems :
� four mesotidal bays on the Atlantic coast (France, 
Portugal, Spain), 
� three Mediterranean coastal lagoons (France), 
� an open-sea Mediterranean Zostera bed (Spain).

Methanolic and aqueous extracts were prepared from t he 
plant material, and analyzed for both the identity and 
quantity of phenolics present using NMR and HPLC. 
These techniques has been proven to be method of ch oice 
for secondary metabolites profiling of  plant material . They
are non-destructive and can be performed at micro- scale
on samples of 10-50 µg. 

Phenolic fingerprints of Zostera noltii
from Atlantic and Mediterranean coasts

Micheline Grignon-Dubois and Bernadette Rezzonico
UMR 5805, EPOC, Université Bordeaux 1, 351, cours de la Libération, 33405 Talence cedex, France

High performance liquid chromatography (HPLC) combi ned with diode array detection (DAD) was used for b oth 
qualitative and quantitative analyses of the extrac t composition. As expected on the basis of NMR data , the HPLC 
flavonoid profiles were largely dominated by a singl e product, which was respectively eluted at 31.6 mi n (λmax, 336 
nm; Cadiz, Faro) and 33.0 min ( λmax, 347 nm; all the other sites). Minor flavonoids were also found and identified 
to luteolin-7-glucose ( λmax, 349 nm), and luteoline-7 sulphate ( λmax, 349 nm). In addition, small amounts of 
apigenin-7-glucose ( λmax, 335 nm) were detected in the samples from Cadi z. All the UV absorptions are in 
agreement with the literature. These assignments we re supported by HPLC comparison with standards and LC-ESI-
MS analysis in positive mode. In particular, the ma ss spectra clearly show for all the flavonoids detec ted, the [M+1] 
molecular peak and the characteristic ion peak at [ M+1-80] for sulphated flavonoids or [M+1-162] for gl uco-
flavonoids.
Our results were confirmed by acid hydrolysis of th e crude extracts, which led to apigenin (Cadiz, Ria F ormosa) or 

diosmetin (all the other sites). In addition, authen tic samples of the 7-sulphated-flavonoids were synt hesized by 
sulfation of luteolin, apigenin and diosmetin with TBA HS. Comparison of the NMR, MS and UV spectra and HP LC 
retention time allows unambiguous identification of  the sulphated flavonoid content of Z. noltii from the different 
seagrass beds.
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ChemotypeChemotype = a chemically distinct entity in a 
plant or microorganism with differences in the 

composition of the secondary metabolites. 
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Z. Z. noltiinoltii distributiondistribution

ZosteraZostera noltiinoltii HornemHornem .. (Zosteraceae, common name dwarf eelgrass, synonym 
Zostera nana (Roth) is an important species of eelgrass occurring  along European 
and North African coasts.

Identifying features
•Leaves grass green in colour.
•Leaf tips blunt and emarginate (notched), becoming inden ted in older leaves. 
•Leaves 6 -30 cm long, 0.5-1.8 cm wide with 3 irregular ly spaced veins. 
•Leaf sheath short, 0.54 cm, and open with two membranou s flaps. 
•Reproductive shoots lateral. Seeds, 1.5-2 mm long ( excluding style), white, and smooth. 
•Rhizome 0.5-2 mm thick with 1-4 roots per node; fibre bundles in the innermost layers of the outer cortex.

Like most of Zostera sp. this species may exhibit morphological variation dep ending on location, 
tidal zone and age of plant (Phillips & Menez, 1988) .

Classification: 
Empire Eukaryota
Kingdom Plantae
Subkingdom Viridaeplantae
Phylum Magnoliophyta
Class Monocots
Order Potamogetonales
Family Zosteraceae
Genus Zostera

Z. noltii bed seasons collections
Bay of Arcachon W, Sp, Su, Au 24
Gulf of Morbihan Su, Au 2

Thau lagoon W, Sp, Su, Au 4
Salses Leucate Su 2

France

Berre Su 1

Ebro Su 1
Cadiz Sp, Su 2Spain

Balearic island Su 1

Portugal Ria Formosa Su 1

W = winter, Sp = spring, Su = summer, Au = autumn

Flavonoids content of Z, noltii (mg.g-1 dry wt, cal culated as diosmetin equivalent): comparison Cadiz/ Arcachon

total Lu- Api- Lu- ApiS DiosS Lu Api Dios

0.89±±±±0.02- 13.41±±±±0
.32

0.30±±±±0.01 -16.78 0.61±±±±0.01 tr 1.57±±±±0.08

-

11.32 0.47±±±±0.02 tr 1.63±±±±0.09 - 8.43±±±±0.
15

0.51±±±±0.01 - 0.28±±±±0.01

0.18±±±±0.01 -

9.26 0.15±±±±0.01 0.89±±±±0.01 0.44±±±±0.01 6.85±±±±0.
12

0.64±±±±0.01 0.48±±±±0.01 0.21±±±±0.01

7-Gluco 7-sulfated unsubstituted

8.41 0.17±±±±0.01 0.56±±±±0.01 1.15±±±±0.07 5.08±±±±0.
15

0.64±±±±0.01 0.63±±±±0.01

Rosmarinic acid
flavonoïds

Zosteric acid

antifongic,antibacteriantifongic,antibacteri
alal , , antifoulingantifouling

antioxidantantioxidant , anti, anti --
inflammatoryinflammatory , antiviral, , antiviral, 

antimicrobialantimicrobial

Apigenin sulphate had never been reported for Z. noltii before. Based on these data, our results showed tha t Z. noltii grown in the Bay 
of Cadiz and in Ria Formosa are chemically distinct from specimen grown in the other sites. This is the  first report of a possible 
chemotype for a marine magnophytes. Understanding the  geographic variation of Z. noltii sulphated flavonoid content and its possible 
link with ecological factors is now under progress.  
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Seagrass meadows are susceptible to coastal environm ental impacts and can serve as early warning system s of ecosystem degradation. Zostera
noltii Hornemann is an important species of eelgrass occurr ing along European, North Africa, Mediterranean, Bl ack Sea and Azov Sea coasts. The 
coastal habitats favoured by Z. noltii are under increasing threat from coastal developmen t, pollution and other forms of human disturbance. The role 
of excess epiphyte, macroalgae or phytoplankton grow th in shading of seagrass leaves and negatively affe cting seagrass health is generally agreed 
to be a prevalent mechanism in seagrass decline worl dwide.

Plants are provided with a large arsenal of chemica ls that are utilised as defensive mechanisms. It is  of interest to develop and validate 
biomarkers based on these chemical defences for mon itoring conservation status and ecotoxicological imp act in seagrass meadows. In this context, 
phenolic compounds constitute good candidates for pr oviding insights into water quality. Our previous w ork have decrypted the phenolic-
fingerprints of Zostera spp. and highlighted the potential of polyphenols as  indicators of the coastal lagoon environmental qua lity. Documenting the 
presence of those compounds in living tissues, and how they vary in abundance in presence of environmen tal stress would be helpful to understand 
how human activities influence marine communities

The study was conducted in the Bay of Arcachon (Fren ch Atlantic coast) and at Salses-Leucate (French Med iterranean coastal lagoon).
Leaves of Z. noltii were collected in the seagrass be ds.  Methanolic and aqueous extracts were prepared f rom the plant material, and analyzed for 
both the identity and quantity of phenolics present using NMR and HPLC. 

Effect of environmental stress on the phenolic conte nt of 
Zostera noltii

Micheline Grignon-Dubois and Bernadette Rezzonico
UMR 5805, EPOC, Université Bordeaux 1, 351, cours de la Libération, 33405 Talence cedex, France

Z. Z. noltiinoltii distributiondistribution
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Little attention has been directed towards understa nding the effects of 
environmental variables on the phenolic content of Z. noltii. 

In this study, we have compared the phenolic content  of healthy green 
leaf tissue of Z. noltii to specimens under the pressure of environmental 
stress:
� the accumulation of opportunistic macro-algae, 
� the excessive development of epiphytes, 
� the recurrent apparition of withered patches in Z. noltii beds.

The effects of macroalgae
accumulations and withering 

were investigated in Arcachon
bay (French Atlantic coast). 

Bay of Arcachon : effects of invasive species and bloo ms of opportunistic macroalgae
(mostly Enteromorpha and Cladophora spp.)

Invasive species: S. anglica has rapidly expended displacing native species like  Z. noltii

Zostera noltii bed, which represents the 
richest habitat with regard to productivity
and biodiversity, is being drastically
reduced in the inner part of the bay

Algal mats induce highly
unfavourable conditions

Loss of seagrass bare sediments

Seagrasses of the genus Zostera are widespread around the world. In 
Europe, there are two representatives, Zostera noltii Hornem and Z. marina. 
Both are present in Arcachon Lagoon, France, especially Z. noltii which 
constitutes 95% of the largest Zostera bed in Europe. 
Extensive meadows of Z. noltii are found in the intertidal zone, covering about  
40% of the lagoon

ZosteraZostera noltiinoltii in the in the BayBay of Arcachonof Arcachon

StudyStudy sitessites

BayBay of of 
ArcachonArcachon

SalsesSalses --LeucateLeucate

In all cases studied, the phenolic content of impact ed specimens was found 
significantly lower than for the healthy ones. 

These results show that these environmental stresse s negatively affect the 
metabolism of Zostera noltii, and that polyphenols are good indicators of Zostera

health conditions.
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Samples were collected on August 29th 2009 at 7 sta tions (S1-S7) 
providing a large gradient of physico-chemical and environmental 
parameters. After collection, the seagrass material was sorted and 
divided into all green leaves (green bars) without visible epiphytes and 
leaves still loaded with epiphytes and macroalgae (y ellow bars). 

Phenolic content in “green”
specimen is always higher than in 
epiphyted (yellow), showing the 
negative effect of epiphytes. The 
highest values were found at S7 
(northern part of the lagoon), 
which is less eutrophicated than 
S3 and -6 (Ifremer, 2010).
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the year leading to algal mats,  which induce highly
unfavourable conditions for Zostera noltii

detrimental effects of 
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SamplingSampling sitessites

Mediterranean lagoons are highly productive areas r epresenting more than 50% of the coastline in Langu edoc-
Roussillon (South of France). Many of them suffer f rom eutrophication and concomitant deterioration of water quality. 
Seagrass meadows are susceptible to coastal environm ental impacts and can serve as early indicators of system-wide 
degradation. It is of interest to develop and valid ate chemical biomarkers for monitoring conservation  status and 
ecotoxicological impact in Zostera meadows. In this context, phenolic compounds constit ute good candidates, which may 
provide insights into water quality. They play seve ral important functions in plants, and they are comm on in marine 
ecosystems. Documenting the presence of those compo unds in alive tissues, and how they vary in abundanc e becomes 
crucial to understand how human activities influenc e marine communities. To do this we analyzed the ab undance of 
specific phenolic compounds (rosmarinic (RA), caffeic (CAF), zosteric acids (ZA) and flavonoids (F)) of Zostera spp. from 
different sites located across the Salses Leucate lag oon (Achamlale et al., 2009a, b).
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Spatial variability in the phenolic content of Zostera spp from  Salses-Leucate lagoon

M. Grignon-Duboisa, B. Rezzonicoa and L. Fonbonneb

a.UMR Environnements et Paléoenvironnements Océaniqu es (EPOC), Univ. Bordeaux 1, PhyValBio, F 33405 Tal ence Cedex 
b. RIVAGE Salses-Leucate, Mairie de Leucate, rue du  Dr Sidras, F 11370 Leucate

Materials and Methods
Samples were collected at Salses-Leucate

lagoon (42.8°N 3.0°E, France) on August 29th 2009 a t 
7 stations (S1-S7) providing a large gradient of 
physico-chemical and environmental parameters. 
After collection, the seagrass material was sorted 
and divided into all green leaves (A) without visib le 
epiphytes and leaves still loaded with epiphytes an d 
macroalgae (B). This led to 11 samples of Z. noltii
and 5 samples of  Z. marina var. angustifolia (Table 
1). Methanolic extracts were prepared from the plant  
material, and analyzed for both the identity and 
quantity of phenolics present using NMR and HPLC 
(Table 1, data are expressed in mg (gdw-1) of dry 
matter of Zostera).

Z. Noltii (Zn) Z. marina var. angustifolia
(Za)

The Salses-Leucate lagoon 
(42.8°N 3.0°E, France)

Mediterranean sea



5.92111975-A-ZaS5

6.80412943-B-Za

9.17313923-A-ZaS3

2.42010991-B-Za

6.02011981-A- ZaS1Z. marina 
var angustifolia

16.202120777-A- Zn

41.571139597-A- ZnS7

2.761515796-B- Zn

24.861231666-A- ZnS6

16.45137885-B- Zn

25.541315815-A-ZnS5

27.831142564-A- ZnS4

8.742123943-B-Zn

21.98119893-A-ZnS3

15.35214932-B-Zn

19.84119882-A-ZnS2Z. noltii

CAFFZARAF

Total
mg.g -1

dw

Phenolic proportions (% of the 
total)

Extract
codes

Sites Species

RA
The phenolic profile was largely dominated by flavon oids whatever the species, but the concentration mea n 

values are greater in Z. noltii (20 mg.g-1) than in Z. marina var. angustifolia (6 mg.g-1 dw). The proportions remain 
constant with Z. marina var. angustifolia, for which only traces of RA, ZA and CAFF were found.  In contrast, important 
variations of the amount of RA were observed with s pecimen (A) of Z. noltii : 42, 31 and 39% respectively at S4, -6 and -7, 
but only 9% at S2 and -3. 

Concentrations in specimen A are always higher than  in B, showing the negative effect of macroalgae and  
epiphytes, which were particularly abundant at S3 a nd S6. Interestingly, the lowest values were found for the specimen B 
from these two stations. The highest values were fo und at S7 (northern part of the lagoon), which is l ess eutrophicated
than S5 and -6 (Ifremer, 2010). The lowest content with  Z.  marina var. angustifolia was found at S1,  an artificial channel 
affected by pollution and physical disturbance  due  to the passage of boats. Understanding the specifi c functional role of 
each of these compounds is now in progress. 

This preliminary study highlights the 
potential of polyphenols as indicators of the 

coastal lagoon environmental quality
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