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Abstract — Bioassays were carried out with the ‘blue diatom’ Haslea ostrearia Simonsen, which is responsible for oyster greening during
the fattening period of Crassostrea gigas Thunberg in oyster ponds. Samples of seawater were taken from two oyster ponds: one without
oysters and the other with 20 oysters per m_, maximal density allowed by the French AFNOR norm for ‘refinement’. The aims were to clarify
the nutrient requirements of this diatom, also to elucidate the eventual influence of C. gigas at this density on the seawater fertility and to
envisage the mass production of this diatom by pond fertilization. Examination of cell numeric densities at the end of bioassays allows us to
conclude that silicate was the first limiting nutrient, closely followed by phosphate. Chlorophyll a concentrations led to different conclusions:
phosphate was the first limiting factor, but after the seawater storage period in ponds, seawater quality evolved to a deficiency of nitrogen.
Silicate addition increased cell division rate, and silicate depletion increased chl a synthesis for this species. Examination of nutrient
assimilation ratios confirms that H. ostrearia requires a large amount of silicon. From these results, it was possible to prepare a N + P + Si
simplified medium which has been tested in laboratory and field mesocosm conditions. In both conditions, similar results were observed: a
significant increase in H. ostrearia cell concentrations and consequently an evolution up to the greening stage. Applications of this work are
numerous; the principal permits us to envisage the production of this species in 25-m3 ponds, with the aim of allowing constant production
of the greening phenomenon. © 1999 Ifremer/Cnrs/Inra/Ird/Cemagref/Éditions scientifiques et médicales Elsevier SAS
Limiting nutrients / Bacillariophyceae / Haslea ostrearia / bioassay / mesocosm experiment / oyster ponds

Résumé — Facteurs nutritionnels limitants d’Haslea ostrearia dans les eaux des claires ostréicoles de la région de Marennes-Oléron :
applications à la production de masse de la diatomée par des expérimentations en mésocosmes. Des bioessais ont été réalisés avec la
« navicule bleue » Haslea ostrearia Simonsen, qui est responsable du verdissement des huîtres durant la période d’affinage de Crassostrea
gigas Thunberg dans les claires. Des échantillons d’eau de mer ont été prélevés dans deux claires : une sans huîtres et l’autre avec 20 individus
au m_, densité d’affinage maximale autorisée par la norme française Afnor. Les buts étaient de clarifier les besoins nutritionnels de cette
diatomée, de mettre en évidence l’influence de C. gigas sur la fertilité de l’eau des claires, et d’envisager la production de masse de cette
diatomée par fertilisation des bassins. À la fin des bioessais, l’examen des densités numériques en cellules permet de conclure que les silicates
seraient le premier facteur nutritionnel limitant, suivis des phosphates. Les concentrations en chlorophylle-a obtenues conduisent à des
conclusions différentes : les phosphates seraient le premier facteur limitant, cependant après séjour de l’eau dans les claires, la qualité de l’eau
évolue vers un déficit en azote. Pour cette espèce, il semble que l’ajout de silicates augmente le taux de division des cellules, alors que la
déficience en silicates conduit à l’augmentation de la synthèse de chlorophylle a. L’estimation des rapports d’assimilation en nutriments
confirme les besoins importants en silice pour H. ostrearia. De ces résultats, il a été possible d’élaborer un milieu nutritif simplifié N+P+Si
qui a été testé en conditions de laboratoire et de milieu extérieur en mésocosmes. Dans les deux cas, les résultats observés sont similaires,
une augmentation significative des concentrations en cellules d’H. ostrearia et donc une évolution vers le phénomène de verdissement. Les
applications de ce travail sont nombreuses ; la principale étant de permettre la production de masse de cette espèce en bassin de 25 m3 dans
le but de s’affranchir des conditions aléatoires régissant le phénomène de verdissement. © 1999 Ifremer/Cnrs/Inra/Ird/Cemagref/Éditions
scientifiques et médicales Elsevier SAS
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1. INTRODUCTION
The present study was carried out in the large oyster
breeding area, the Marennes-Oléron Bay, located on
the south-west coast of France (figure 1), more exactly
in salt marsh areas. Oyster farmers use a special
culture technique, which consists in immersing oysters
in ponds for ‘refinement’ (fattening). These basins
(400 m_ in area and 0.6 m deep) are used to fatten and
green the oysters [35]. Oyster fattening is achieved
through the great richness in phytoplankton, and oyster
greening is the result of the proliferation of the diatom
Haslea ostrearia which is responsible for the greening
of the gills after secretion by this microalgae of a blue
hydro-soluble pigment called ‘marennine’ [28].
Fattening and greening are the final stages of oyster
rearing, which are a guarantee of the product quality
and represent a large economical importance. But the
proliferation of this diatom in ponds depends on the
combination of many factors poorly understood, which
give to the phenomenon an unpredictable character.
Algal bioassays are an important tool for monitoring
seawater quality and capacity to sustain an algal
biomass. Algal growth potential tests (AGP-tests) have
been widely applied [3, 15, 21, 23, 25, 29]. Nutrientenrichment bioassays have also been applied to marine
systems for experimentally testing nutrient limitation.
This method is characterized by using one or more

Figure 1. The Bay of Marennes-Oléron (France) and location of
experimental oyster ponds near La Tremblade. ■: oyster pond area; ●:
experimental oyster pond location; ----: lowest tide limit.
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nutrients which are added to a volume of seawater to
study the effect on algal growth [13].
Maestrini and Robert [22] and Robert et al. [34]
showed that in the oyster ponds of the Bay of
Bourgneuf (Vendée, France) the first limiting nutrient
was nitrogen for three most abundant diatom species
(H. ostrearia Simonsen, Phaeodactylum tricornutum
Bohlin, Skeletonema costatum Cleve).
The principal aim of this study is to characterize
which nutrient(s) limit the growth potential of H.
ostrearia in this area. Nutrient needs for this species
are estimated from in vitro bioassays and an enrichment mixture with nitrates, phosphates and silicates is
elaborated and tested in laboratory and field conditions. The short-term purpose consists of oyster pond
fertilization with the simplified enriched formula to
further H. ostrearia development in ponds and then
obtain greening phenomenon.

2. MATERIALS AND METHODS
2.1. Bioassays
Seawater samples were collected in two oyster
ponds of the experimental marsh of the Ifremer Laboratory near La Tremblade (figure 1): in the first one, 20
oysters per m_ (maximal density allowed by the
AFNOR norm [1] during oyster fattening) were deployed on the sediment; in the other one, no oysters
were added. The ponds were naturally supplied with
seawater by a small canal from the Marennes-Oléron
Bay, near the Seudre River estuary. The seawater
renewal occurs at spring tides. In 1996, eight sampling
dates were selected according to the tidal cycle: four
during the renewal (t0) and four before the following
renewal after starvation of the seawater in ponds (t+10).
From each pond 25-L of seawater were collected for
bioassays, and filtered on Millipore cellulose–acetate
filters (0.45 µm). Aliquots (80 mL) were stored in
polypropylene bottles for nitrite, nitrate, silicate and
phosphate concentration analyses, which were carried
out with a SKALAR continuous-flow auto-analyser by
using standard methods [40]. For ammonia the manual
method of Solorzano [39] and Koroleff [16] modified
by Grashoff and Johansen [12] was used.
Vessels used for bioassays were sterilized to reduce
bacterial contamination sources; samples of 300 mL of
the filtered seawater were distributed into eight
500-mL Erlenmeyer flasks for each pond. Autoclaving
of seawater was not performed because of both P and
Fe precipitation (Fiala in [21]) and also the NH4
release [21]. Enrichment experiments were carried out
in triplicate and seven different combinations using
nitrates, silicates and phosphates were added to
samples (N, P, Si, N + P, N + Si, P + Si, N + P + Si)
for comparisons with an non-enriched control. As
Maestrini et al. [24] recommended, initial concentrations were assumed to be low enough not to change the
ecophysiological adaptation of test alga and to be high
enough to sustain an algal biomass significantly higher
Aquat. Living Resour. 12 (5) (1999)
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Table I. Means and 95 % confidence interval of initial nutrients concentrations (µM) and ΣN/P, ΣN/Si, Si/P ratios of oyster pond seawater at different
sampling periods.

Seawater supply to oyster ponds (t0)

NH4
NO2
NO3
ΣN
SiO3
PO4
ΣN/P
ΣN/Si
Si/P

Seawater storage in oyster ponds (t+10)

+O

–O

+O

–O

1.30 ± 0.26
0.32 ± 0.02
28.89 ± 4.67
30.51 ± 4.62
20.41 ± 6.64
0.69 ± 0.17
51.1 ± 7.6
1.9 ± 0.4
27.8 ± 2.1

0.82 ± 0.18
0.33 ± 0.02
30.86 ± 4.66
32.01 ± 4.67
19.45 ± 4.95
0.49 ± 0.08
71.0 ± 6.4
1.9 ± 0.2
40.3 ± 5.3

1.39 ± 0.25
0.12 ± 0.02
1.54 ± 0.37
3.04 ± 0.47
8.56 ± 0.99
0.30 ± 0.06
11.9 ± 2.3
0.4 ± 0.1
32.4 ± 5.1

0.83 ± 0.39
0.11 ± 0.02
1.70 ± 0.36
2.64 ± 0.61
11.11 ± 0.99
0.31 ± 0.05
8.9 ± 1.7
0.2 ± 0.1
46.0 ± 13.5

Seawater supply to oyster ponds: at the beginning of tidal cycle; after seawater storage in oyster ponds: the same seawater before its renewal; +O:
oyster pond with C. gigas; –O: oyster pond without C. gigas.

than that sustained in non-enriched controls. The
nutrient concentrations were equal to enriched seawater Provasoli medium diluted 1/3 [32]: 100 µM (NO3),
100 µM (SiO3) and 6.25 µM (PO4).
The test alga H. ostrearia Simonsen (axenic local
strain) was inoculated in sterile conditions at an initial
concentration of 2 000 cells per mL after starvation for
2 d on a nutrient-poor seawater (depleting treatment)
(for details see [4, 24]). The 48 Erlenmeyers sealed
with cotton plugs (eight combinations in triplicate for
each pond), were placed in a culture chamber, at 15 ±
1 °C at 100 µE⋅m–_⋅s–1 under 14 h light and 10 h dark.
The experiment was stopped on the sixth day of
culture.
Algal growth potential was estimated by cell counting on a Nageotte’s haematocymeter and chlorophyll
a concentration estimation. Aliquots (20 mL), from
each Erlenmeyer, were filtered on GF/F Whatman
filters to analyse chlorophyll a content by using the
protocol described by Lorenzen [20].

described previously except for photoperiod: 10 h light
and 14 dark corresponding to the natural field experiments.
At to and t+10 d, seawater samples were collected
both in mesocosm and flask conditions to estimate H.
ostrearia cell concentrations and external marennine
concentrations by using the method described by
Robert and Hallet [33].

2.2. Mesocosm experiments conducted
in oyster pond

Analysis of nutrient concentrations of seawater
samples was carried out before bioassay experiments,
this first classical approach is indirect and only descriptive. Detailed nutrient mean concentrations are
reported in table I. In all cases but ammonia, nutrient
concentrations (NO2, NO3, SiO3 or PO4) decreased
similarly in the two ponds during storing of seawater
in ponds. Indeed, NH4 mean concentrations were
twice or three times greater in the pond containing
oysters. This probably resulted, at least partly, from the
oysters’ excretory products. The most important decrease was observed for nitrate concentrations while
nitrite, silicate and phosphate concentrations showed a
limited decline.
In the beginning of the tidal cycle, comparison of
seawater nutrient concentrations (table I) with the
Redfield ΣN/P ratio [31] shows a potential P-limitation
of seawater samples from the two ponds. ΣN/P mean
ratio (ΣN = NH4 + NO2 + NO3) was between 51.1:1

Mesocosms were PVC transparent cylinders (height
1 m, diameter 0.6 m, volume 170 L); the bottom was
water tight to eliminate sediment influence on seawater quality. To induce a proliferation of H. ostrearia
and the greening of the cultures, eight mesocosms
were immersed in one oyster pond and filled with
170 L of the oyster pond seawater just after the
renewal; in those experiments the seawater was not
filtered and consequently contained its natural phytoplankton and zooplankton communities. Four initial
concentrations of H. ostrearia were tested: 250, 500,
1 000, 2 000 cells per mL and cells were inoculated in
mesocosms in presence or absence of a N + P + Si
supply. Simultaneously for each mesocosm, 500 mL of
seawater sample were collected and incubated at the
laboratory in the culture room in the same conditions
Aquat. Living Resour. 12 (5) (1999)

2.3. Statistical analysis
All statistical analyses (ANOVA and StudentNewman-Keuls a posteriori tests) were carried out
with Sigma Stat 2.0 (Jandel Scientific Software), after
determination of normality and variance homogeneity.
Data were log-transformed when non-normal.

3. RESULTS
3.1. Nutrient concentrations
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Figure 2. Algal growth potential (AGP) expressed with the two selected estimators (cell and chlorophyll a concentrations) of Haslea ostrearia on
the sixth day (beginning of the stationary phase) obtained with seawater samples from oyster ponds studied at the two sampling periods. +O: oyster
pond with 20 oysters per m2; –O: oyster pond without oysters. Data are mean ± 95 % confidence interval (n = 4). Stars indicate statistically significant
differences at P = 0.05 after SNK a posteriori tests between beginning of tidal cycle and end of water storing.

for the pond with immersed oysters and 71.0:1 for the
other pond.
For Si/P ratio the same potential P-limitation was
observed (Si/P > 16). However, silicic acid showed
lower concentrations than ΣN (ΣN/Si > 1:1). After the
neap tide period, approximately 10 d, a notable evolution of the proportions between nutrient concentrations was observed: ΣN/P tended to be lower than the
Redfield ratio of 16:1, especially in oyster ponds
without oysters, indicating a possible N-limitation of
the algal growth potential. ΣN/Si ratio was respectively 0.4:1 and 0.1:2 in the two ponds, which is in
agreement with the N-limitation previously observed.

3.2. Bioassay experiments
The descriptive approach is not sufficient to describe
the potential limitation observed, and therefore differential enrichment experiments are necessary to explain
the role of N, P and Si in limiting growth potential of
H. ostrearia and to specify respective nutrient contribution to this limitation.
Algal growth potential (AGP) of H. ostrearia was
similar for each sampling periods [supply of seawater
(spring tides) and after seawater storage (neap tides)].
Therefore, the four dates from each sampling period
were combined for statistical analysis.

Bioassay results are displayed in figure 2 for the two
AGP estimators chosen. After 6 d of culture, comparisons of the cell concentrations obtained from seawater
at the two sampling stages showed no significant
difference for each nutrient combination, except for
the P + Si enrichment. Moreover, for each pond, and
independently of the seawater origin, two or three
groups were statistically isolated (P < 0.05): 1) [control, N, P, N + P] and [Si, N + Si, P + Si, N + P + Si]
for seawater samples collected after renewal in ponds;
2) [control, N, P, N + P], [Si, N + Si, P + Si] and [N
+ P + Si] for seawater samples collected after storage
in ponds. These results demonstrate that Si supply
significantly increased cell numbers. Therefore, the H.
ostrearia growth potential was Si-limited, both at the
beginning and at the end of the neap tide phase.
However, it should be noted that in all cases, except
the N + P + Si enrichment, cell numbers obtained were
lower following the 10-d seawater storage in ponds.
The results are different if the AGP estimator is
chlorophyll a (figure 2). For the two ponds, bioassays
showed a P-limitation of H. ostrearia AGP obtained at
the spring tide; a N-limitation was observed after
seawater storage in the ponds. Statistical analysis
confirmed those results, which are in agreement with
the above observations on nutrient ratios (table II). No
statistical difference was observed between seawater
Aquat. Living Resour. 12 (5) (1999)
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Table II. Results of two-way ANOVA on cell density of the control
Erlenmeyer flasks.

Factor

df

F

P value

7
1
7

29.35
1.17
1.78

< 0.001 (***)
0.287 (n.s.)
0.126 (n.s.)

Date
Oyster pond
Date versus
oyster pond
Residual

32

Total

47

df: degrees of freedom; F: F-test value; n.s.: non-significant F-test,
*** significant F-test at P = 0.001).

sampled at the spring tide and seawater sampled after
10 d of storage in ponds (during the neap tide) for
enrichments which were complemented with N. Thus,
in relation to cell numbers, we observed that most
Si-enrichment treatment, maximizing cell number,
presented the lowest content in chl a (Si, N + Si, P +
Si, but not N + P + Si). In contrast, the highest content
in chl a was observed with non-Si-enriched nutrient
combinations (N, P, N + P), giving cell numbers
similar to those of the controls.

3.3. Possible oyster impact on seawater fertility
Detailed nutrient mean concentrations are reported
in table I. In all cases, except ammonia, nutrient
concentrations (NO2, NO3, SiO3 or PO4) decreased
similarly in the two ponds during storing of seawater
in ponds. Indeed, NH4 mean concentrations were
twice or three times greater in the pond containing
oysters. This probably resulted, at least partly, from the
oysters’ excretory products. The most important decrease was observed for nitrate concentrations while
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nitrite, silicate and phosphate concentrations showed a
limited decline.
To show the possible influence of oyster presence on
seawater quality and fertility for H. ostrearia, a comparison of the controls after bioassays was carried out
on AGP value (cell concentration). Results of the
two-way ANOVA are detailed in table II. Two factors
of variance were chosen: date and oyster ponds. A
statistically significant difference (P < 0.001) was
observed between sampling dates, but no difference
was established between the two ponds. Interaction
between factor date and oyster ponds was not statistically significant.

3.4. Adjustment of a N + P + Si simplified
medium for mass production
The N + P + Si combination induced high cell
numbers and chl a concentrations. For this specific
enrichment, nutrient quantities (N, P and Si) necessary
to produce 106 cells were calculated, and the assimilation ratios of nutrients during the exponential phase
of culture were estimated. Only sampling dates corresponding to seawater renewal in the oyster pond
without oysters were selected because the aim was the
fertilization of ponds just after renewal; the results are
displayed in table III. Nitrogen and silicon appear to
be used similarly: 2.32 and 2.30 µmol, respectively;
only 0.16 µmol of phosphorus is necessary. Mean
values of nutrient assimilation ratios showed N/P =
15.2:1 and Si/P = 15.5:1. Consequently a N + P + Si
medium was formulated on the basis of 120 µM of
silicic acid as initial concentration used for further
experiments in mesocosms. So the final enrichment
was developed to obtain a culture medium at the
concentrations: 120 µM of Na2SiO3,5H2O; 117.7 µM
of NaNO3 and 7.7 µM of K2HPO4,3H2O.

Table III. Estimated nutrient quantity necessary to produce 106 cells of Haslea ostrearia and nutrient assimilation ratios obtained after 6 d of
cultivation, on seawater samples, from the pond without oysters and at the beginning of tidal cycle (t0).

Sampling date

23 January

21 February

19 March

17 April

Mean

Estimated nutrient quantity necessary
to produce 106cells
N (µmol)
Si (µmol)
P (µmol)

N/P

Si/P

0.97
1.11
1.76
3.30
4.74
3.66
0.39
1.37
1.18
3.05
2.49
3.76

2.33
2.70
2.53
3.26
2.32
1.93
n.e.
1.70
n.e.
1.94
1.67
2.62

0.12
0.14
0.12
0.25
0.22
0.15
0.18
0.17
0.14
0.12
0.10
0.16

8.1
7.9
14.7
13.2
21.5
24.4
2.2
8.1
8.5
25.4
24.9
23.5

19.4
19.3
21.1
13.0
10.5
12.9
n.e.
10.0
n.e.
16.2
16.7
16.4

2.32 ± 0.87

2.30 ± 0.36

0.16 ± 0.03

15.2 ± 5.3

15.5 ± 2.7

Data are means ± 95 % confidence interval, n.e.: non-estimable value.
Aquat. Living Resour. 12 (5) (1999)
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4. DISCUSSION

Figure 3. Cell concentration (A) and Marennine concentration (B)
obtained after 10 d in mesocosms and in laboratory with different
initial concentrations of Haslea ostrearia tested.

3.5. Mesocosm experiments
Comparable results in mesocosms and in the laboratory conditions were observed (figure 3). However,
the highest values were observed in laboratory conditions probably due to the control of photoperiod and
temperature conditions.
The experimental design only allowed a three-way
ANOVA without replication [37]. After 10 d of cultivation in batch conditions in the mesocosms and in
laboratory conditions, the three factors: initial concentration of H. ostrearia, enrichment and site conditions,
showed significant differences (P < 0.05) for the
biomass and the greening estimators. The S.N.K. a
posteriori tests showed a significant difference (P <
0.05) between initial concentrations inoculated. Two
homogeneous groups could be isolated: one at 250 and
500 cell⋅mL–1 and the other at 1 000 and 2 000
cell⋅mL–1. Significant effect of enrichment supply was
observed (P < 0.05), and a significant difference was
observed between mesocosm and laboratory experiments. For future field experiments on greening enhancement, it appears that the initial concentrations of
1 000 or 2 000 cell⋅mL–1 of H. ostrearia and the N +
P + Si supply can be recommended.

Several authors [5, 31] have estimated that phytoplankton nutrient composition corresponds to an
atomic ratio N/Si/P of 16:16:1, and therefore it gives
an estimation of diatom requirements [10, 18]. From
those values the ratio N/Si has been commonly used
[6, 13, 18] to determine potential Si- or N-limitation.
Analysis of nutrient composition of oyster pond
seawaters during this study showed a potential
P-limitation at the beginning of each tidal cycle and a
potential N-limitation after the storage period in the
ponds, in comparison with the Redfield and Brzezinsky ratio. But this descriptive approach is not sufficient
to assert precisely the limiting nutrient(s) for algal
growth of one species, and therefore bioassays were
necessary to investigate limiting nutrients of algal
growth potential test by using the method of differential enrichments.
Statistical comparisons of control cell concentrations did not show any oyster impact on seawater
fertility (P > 0.05) for H. ostrearia with the rearing
density allowed by AFNOR norm (table II). This
rearing density was not sufficient to demonstrate the
role of filter-feeding bivalves, described by several
authors with the stimulation of primary production
through the supply of dissolved inorganic excreted
nutrients [2, 8, 11, 14].
Haslea ostrearia cell concentrations, obtained after
6 d of cultivation on the variously enriched oyster
pond seawaters, demonstrated potential Si-limitation
in all cases (figure 2). However, both chlorophyll a
concentrations and nutrient ratios showed a potential
P-limitation of seawater at spring tides and potential
N-limitation after seawater storage during neap tides.
For Si-non-enriched flasks, intracellular concentrations in chl a were greater than for Si, N + Si and P +
Si enrichment treatments. These results are in agreement with Lombardi and Wangersky [19] who reported an increase in chl a synthesis for a culture of
Chaetoceros gracilis as a consequence of Si-depletion.
In addition, Darley [9] reported that Navicula pelliculosa and Cylindrotheca fusiformis required silicon for
mitosis. The latter species had a specific requirement
for silicon in net synthesis of DNA, which is a
pre-requisite for silicification in diatoms. That could
explain highest cell concentrations and then highest
division rates in Si-enriched flasks.
From algal bioassays, silicon requirements of H.
ostrearia can be considered as more important than
nitrogen or phosphorus, and silicon can be proposed as
the first limiting nutrient for this diatom mass production in these waters. Those results differ from those of
many previous studies in the 1980s which demonstrated for this diatom the role of nitrogen as first
limiting nutrient [22, 34, 35]. Nevertheless, oyster
farmers from the Bay of Marennes-Oléron have long
observed a decrease in the frequency of the greening
phenomenon, which could be explained by the Silimitation observed. This interpretation is also in
Aquat. Living Resour. 12 (5) (1999)
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agreement with several authors who concluded that
Si-limitation has become more frequent [7, 26, 27, 36],
because P and N are recycled faster than Si [17, 29]. N
and P supplies have increased owing to the increase in
anthropogenic activities (industrial, urban, agricultural
developments, etc.), and have modified the nutrient
ratios in coastal waters for at least the past two
decades [38]. Ravail-Legrand [30] emphasized that nitrogen output from Charente River (figure 1) could
represent up to 160 tons per day during autumnal and
spring floods, contributing to the N-fertilization of all
the bay, while Si supplies due to river terrestrial export
have not evolved: Si/N ratios at the mouth of Charente
were between 0.2 and 0.6. Soletchnik et al. [38], in
Marenne-Oléron Bay, demonstrated a significant longterm trend for the nutrient ratios over the last two
decades. By way of example, the Si/N ratio decline
from 0.65 to 0.45 between 1977 and 1995 resulted
from a nitrate concentration increase.
This study has also permitted us to elaborate and test
a simplified medium (N + P + Si) from the experimental estimation of nutrient needs of H. ostrearia by the
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bioassays. The three medium elements are used approximately in the same ratios as those proposed by
Redfield and Brzezinski for diatom requirements:
N/Si/P = 15.2:15.5:1. By using the mesocosms immersed in the oyster ponds and also in laboratory
experiments, different tests of this medium were conducted. A significant bloom of H. ostrearia was
obtained with an initial concentration of 1 000 and
2 000 cell⋅mL–1. Biomass produced after 10 d corresponded to 20 and 15 times the natural cell concentrations observed during the natural greening observed
by Robert [32]. With respect to external marennine
concentrations, a maximum value of 2.4 mg⋅L–1 was
observed, which was lower than for in vitro observations.
Those results are promising for the mass production
in natural conditions of H. ostrearia. Further experiments will be carried out by using 25-m3 mesocosms.
The production in 500-L tanks of H. ostrearia inoculum under glasshouse will be necessary. Mesocosm
fertilization with NPSi media will be carried out with
120 µM (SiO3), 117.7 µM (NO3) and 7.7 µM (PO4).
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