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Abstract

Dimethylsulfoniopropionate (DMSP) concentrations were observed from October 1999 to September 2000 in a
Mediterranean ecosystem (Little Bay of Toulon) submitted to eutrophication. DMSP was measured in the particulate material
(DMSP,,), and more specifically in the >90, 5-90 and 0.2-5 um fractions. DMSP was first converted into dimethylsulfide
(DMS) by a cold alkali treatment. DMS was then analysed by gas chromatography equipped with a flame photometric detector
(FPD). DMSP, concentrations were relatively high, showing a strong temporal variability with maxima in February—March
(58.8 nM). The most elevated values were recorded in the 5-90 pm size class, and represented between 60% and 100% of the
total DMSP,,. This fraction was mostly composed of Dinoflagellates whose biomass was significantly correlated with DMSP,
concentrations. These concentrations showed better correlations with Ceratium furca, Dinophysis acuminata, Prorocentrum
arcuatum and also Alexandrium minutum. The intracellular contents of DMSP were much higher in Dinoflagellates (124.9+5.7
mM) than in Diatoms (25.1+£1.1 mM). A. minutum produced the strongest intracellular concentrations (3387.6+121.9 mM).
High DMSP contents were also found in D. acuminata (477.4+64.3 mM) and P. arcuatum (442.24+22.9 mM). The >90 um
size class had a minor importance in DMSP production, generally below 20% of the total DMSP,,. However, DMSP in the >90
pum fraction was well correlated with cladoceran abundance. Plankton cells between 0.2 and 5 um contained a low part of the
DMSP;, pool, lower than 20%. Besides, no correlation was found between their algal abundances and DMSP in the 0.2-5 um
size class. Temperature and photoperiod could have influenced the Dinoflagellate development, and consequently, the DMSP,,
concentrations. The strong autumnal rains affected the composition of the phytoplankton community and the production of
sulfur compounds. These particular climatic conditions have induced an increase in nutrient concentrations and a drop in
salinity, which may explain the low autumnal DMSP,, concentrations.
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1. Introduction

Dimethylsulfide (DMS) is the most abundant form
of volatile sulfur in the ocean. Since the 1970s, DMS
has generated much interest because of its possible
role in the biological regulation of the climate (CLAW
hypothesis) (Lovelock et al., 1972; Charlson et al.,
1987; Andreae, 1990). DMS is produced by the
enzymatic cleavage of B-dimethylsulfoniopropionate
(DMSP), which is an abundant compound in phyto-
plankton (Challenger, 1951; Ackman et al., 1966). It
is widely accepted that DMSP is an osmolyte and a
cryoprotectant for marine algae (Vairavamurthy et al.,
1985; Dickson and Kirst, 1987; Kirst et al., 1991,
Karsten et al., 1992). It has been demonstrated that
DMSP could be a source of methyl groups in
transmethylation reactions (Kiene et al., 1996). Recent
studies also showed that DMSP and its degradation
products (DMS, DMSO) could have antioxidant
properties for marine phytoplankton (Steinke et al.,
2002; Sunda et al., 2002; Van Rijssel and Buma,
2002).

The objective of the present study was to inves-
tigate the planktonic origin of particulate DMSP
(DMSP,) in a coastal Mediterranean system perturbed
by anthropogenic inputs, the Little Bay of Toulon
(NW Mediterranean Sea). This ecosystem is charac-
terized by a much higher productivity than outside of
the Bay (Jamet et al., 2001; Jean, 2002). In recent
decades, the Mediterranean Sea has become increas-
ingly affected by anthropogenic activities that rise its
productivity (Bethoux and Copin-Montegut, 1988).
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Marine coastal areas located near cities are subjected
to excessive enrichment in nutrients, resulting in
eutrophication (Lacaze, 1993). This process is
enhanced in enclosed or semi-enclosed bays such as
Toulon Bay where nutrient dispersion is reduced
(Menesguen in Barth and Fegan, 1990). In Toulon
Bay, temporal evolution of DMSP,, concentrations
was studied during a year, in relation with plankton
communities, and with some abiotic parameters such
as temperature, salinity, photoperiod and nutrients
concentrations.

2. Materials and methods
2.1. Study site

Toulon (central point: Latitude 43°05 N and
Longitude 6°00" E) is located on the French NW
Mediterranean coast (Fig. 1). Its seaport handles a
major military, commercial and tourist traffic.
Toulon Bay is composed of two areas separated
by a breakwater: the western basin, also called
Little Bay is semi-enclosed, and the eastern basin
called Large Bay is open to the sea. According to
IFREMER, Little Bay is contaminated by chemical
pollutants such as organic compounds (PCB, anti-
fouling paints), heavy metals (Hg, Zn, Pb and Cu)
and, occasionally, by toxic plankton species such
as Alexandrium minutum and Dinophysis spp.
(Milano et al., 1990; Belin et al., 1995; IFREMER,
1997).

Mediterranean Sea
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Fig. 1. Map of the Toulon area showing the sampling station (S1) in Little Bay.



2.2. Field sampling

The sampling was carried out in Little Bay (S1;
depth=13 m), from October 1999 to September 2000,
between 9:00 and 11:00 a.m. Water samples were
systematically taken from a depth of 2 m, using a
Niskin 10-1 sampling bottle. DMSP analysis was
performed on a 4-1 aliquot. Ten-liter samples were
taken to study the phytoplankton community but also
for protein and chlorophyll ¢ determinations. Bacte-
rial counts were made using a 50-ml subsample.
Zooplankton samples were collected with a net (0.5 m
mouth diameter, 2.5 m long, 90 pum mesh) equipped
with a flowmeter.

2.3. DMSP analysis

The 4-1 water sample was successively filtered
through polyamide membranes (Nytrel-TI, UGB)
with 90, 5 and 0.2 um pores to fractionate the
particulate DMSP into size classes. Gravity filtration
was applied over the 90 um membranes, a gentle
pressure being used to separate the 5-90 and the
0.2-5 um fractions. The filters were stored at —80
°C in 15-ml hermetic polyethylene flasks. Prelimi-
nary controls indeed showed that freezing at —80 °C
had no significant effect on DMSP contents (Jean,
2002).

Before DMSP analysis, filters were first resus-
pended in 250 ml cold distilled water. Then, DMSP,,
was converted into DMS by the cold alkali treatment
method (Dacey and Blough, 1987; Turner et al.,
1988). For this purpose, NaOH (10 M) was added to
set the pH to ~13 (White, 1982; Stefels and Van
Boekel, 1993). The obtained solution was transferred
to a silanized glass bottle with septum and no
headspace. To achieve the full transformation of
DMSP into DMS, the sample was left to react in the
dark at 2 °C for 24 h. Then, the newly formed DMS
was analysed following a modified method based on a
cryo-trapping gas chromatographic technique (Simo
et al., 1993; Simo, 1998). The gas chromatograph
(DELSI 330) is equipped with a flame photometric
detector (FPD) and a 1/8 in. PTFE column filled with
Chromosil 330 (Supelco). Subsample volume of 5 ml
was taken from the alkaline solution with a poly-
ethylene needle. DMS was stripped by sparging the
solution with Helium (99.9996% quality) at a flow

rate of 100 ml min~'. Then DMS was trapped onto
Tenax T.A. packed at —40 °C using magnesium
perchlorate as dryer (Despiau et al., 2002). The Tenax
was heated at 180 °C and DMS was injected in the
column. The flame photometric detector was supplied
with a flow of air (F,=150 ml min~") and hydrogen
(Frea=75 ml min™"; F oxy=7 ml min~"). Calibration
was made with a DMS solution, using linear
interpolation: In(Peak area)—In(DMS mass). Detec-
tion limit was 2 ng and average precision of DMS
concentrations was 13% (n=9). The DMSP measure-
ments were carried out in triplicates. The average
DMSP values with their standard deviations are
presented.

2.4. Phytoplankton

2.4.1. Enumeration

Immediately after collection, phytoplankton of a
10-1 sample was concentrated by inverse filtration, so
as to obtain a final volume of 100 ml. Then, algal cells
were preserved and stored with Lugol’s until further
examination. Phytoplankton >5 pum was identified and
counted under an inverted Nikon Diaphot microscope
according to the Utermohl’s method (1958) modified
by Legendre and Watt (1971-1972) (total magnifica-
tion x400). Then cell biovolumes and biomasses were
estimated in accordance with the Lohman’s (1908)
calculation technique.

2.4.2. Isolation of algal cells

Monospecific phytoplankton samples were pre-
pared from 5-1 water aliquots. Phytoplankton was
first preconcentrated by inverse filtration, and then
collected on 5 pum pore filters. These filters were
rinsed with a 38%o0 NaCl solution. Phytoplankton
was isolated under an inverted microscope (total
magnification x400) using an Eppendorf pipette
adjusted to 0.6 pl. A total of 73 Dinoflagellate cells
and 177 Diatom cells were first isolated. Mono-
specific samples were also prepared, consisted
respectively of: Dinophysis acuminata (74 cells),
Ceratium furca (74 cells), Prorocentrum arcuatum
(74 cells), Protoperidinium pellucidum (74 cells) and
A. minutum (61 cells). The algal cells picked out,
were resuspended in 20 ml of NaCl (38%0) and
stored at —80 °C in polyethylene vials until intra-
cellular DMSP analysis.
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Fig. 2. Temporal changes in total DMSP,, concentrations.

2.4.3. Chlorophyll a

The chlorophyll a sample was collected on glass
fibre filters (Whatman GF/C) and extracted with 90%
acetone. Then its determination was carried out
according to the spectrophotometric method described
by Lorenzen (1967).

2.5. Zooplankton

Zooplankton samples collected with the net were
stored in seawater-buffered 5% formol. Aliquots for
counts were taken with a Hensen pipette from the total
sample adjusted to 250 ml.

2.6. Bacteria

Bacteria were counted by epifluorescence micro-
scopy as described in Porter and Feig (1980). The
water sample was filtered onto a black polycarbon-
ate isopore Nuclepore filter (mesh size 0.2 pm; 25
mm diameter). After filtration, this membrane is
covered with 1 ml of DAPI solution (50 pg ml™")
and left to stain in the dark. Then, the filter was
observed in a dark room under an epifluorescence
microscope (total magnification X 1000) with immer-
sion oil.

2.7. Protein analysis

Ten-liter samples were successively filtered
through polyamide membranes (Nytrel-TI, UGB)

with pore sizes of 90, 5 and 0.2 pm to separate
the particulate material into size fractions. Proteins
collected on the filters were stored at —80 °C in
15-ml polyethylene bottle until analysis. After
resuspension in distilled water, the proteins of
each fraction were analysed with Folin phenol
reagent (Lowry et al., 1951). Bovine serum albumin
(BSA) was used as a standard. The protein measure-
ments were carried out in triplicates. The average
protein values are presented with the standard
deviations.

2.8. Abiotic parameters

Daily precipitation values were obtained from
Meétéo-France for the whole year. The temperature
and the salinity of seawater were measured with a
WTW LF 197 electronic multi-parametric sensor at 2
m depth. Orthophosphates concentrations were meas-
ured according to the Murphy and Riley’s method
(1962) and nitrates according to Wood et al. (1967)
modified by Le Poupon (1994).

3. Results
3.1. Temporal evolution of DMSP,, concentrations

The total DMSP,, contents ranged from 2.1 nM in
October to 58.8 nM in March (Fig. 2). The temporal
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Fig. 3. Temporal changes in DMSP concentrations in the >90, 5-90
and 0.2-5 um size classes.
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Fig. 4. Temporal changes in the protein concentrations in the >90,
5-90 and 0.2-5 um size classes.

variations showed a marked seasonal influence with
high levels in February—March.

DMSP was also analysed in the >90, 5-90 and
0.2-5 pum fractions (Fig. 3). The highest concentra-
tions (40 nM in March) were recorded for the 5-90
um fraction. The contribution of this size class ranged
between 60% and 100%, except in October and
December when it did not exceed 40%. In the three
size classes, DMSP contents followed the same trend,
with peaks in February—March. Moreover, high levels
existed in August and September for the 5-90 um
fraction.
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Fig. 5. Temporal changes in the DMSP/protein ratio in the >90,
5-90 and 0.2-5 pm size classes.
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Fig. 6. Temporal variations of chlorophyll @ concentrations.
3.2. Relationships with biotic parameters
3.2.1. Proteins

The 5-90 um fraction, collecting the main part of
DMSP pool, also contained the highest protein
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Dinoflagellates (A) and Diatoms (B).



contents (Fig. 4). They ranged from 64.0 to 370.5 pg
"', whereas they were between 9.0 and 94.5 pg 1!
in the other fractions. Like DMSP, protein concen-
trations of the 5-90 pm fraction increased from
January and peaked in February. Then, they
decreased until July, when the lowest levels were
recorded.

For the >90 um size class, the highest protein
concentrations were found in April-May, and between
March and May for the smallest 0.2—5 pm size class.
The DMSP/protein ratio was also calculated (Fig. 5).
For the three fractions, it showed a similar temporal
variability, with peaks in March, June and September
and comparable levels.
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Table 1

Intracellular concentrations of DMSP in Dinoflagellates and

Diatoms

Dinoflagellates 14.240.6 pmol cell !
124.94+5.7 mM

Diatoms 2.740.1 pmol cell ™'
25.1+1.1 mM

3.2.2. Chlorophyll a

The chlorophyll a concentrations followed a
marked seasonal trend, with high levels in
February (Fig. 6). This biotic parameter is thus
related to the DMSP concentrations in the 5-90 um
class.
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Fig. 8. Relationships between the DMSP 5-90 pm and the Dinoflagellate biomasses (D. acuminata (&), P. arcuatum (), C. furca (), A.

minutum (€) and Proto. pellucidum (®)).



Table 2
Intracellular concentrations of DMSP in five Dinoflagellates

14.7+1.9 pmol cell ™!
477.4+64.3 mM

D. acuminata

C. furca 9.8+0.6 pmol cell !
37.5+£2.1 mM
A. minutum 14.240.5 pmol cell !
3387.6+£121.9 mM
P. arcuatum 13.540.7 pmol cell ™'

442.2+22.9 mM
14.7+1.5 pmol cell ™!
133.5+13.5 mM

P, pellucidum

3.2.3. Phytoplankton community

The 5-90 um fraction was principally composed of
Dinoflagellates and Diatoms (Fig. 7). Dinoflagellates
(4.9-165.2 pg 17'; 98-7605 cells 17") were always
predominant in comparison to Diatoms (0.1-6.8 ng
I"'; 5-597 cells 17"). Dinoflagellate biomass and
abundance peaked in March and April, whereas
Diatom biomass and abundance developed from
October to December. A significant correlation
existed between Dinoflagellate biomass and DMSP
concentration of the 5-90 pm size class (Spearman
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Fig. 10. Temporal variations of the bacterial abundance.

test: #=0.699; p=0.011) (Fig. 8). Correlations were
also found with the biomass of specific algae such
as C. furca (r=0.560; p=0.052); D. acuminata
(r=0.555; p=0.055); P. arcuatum (r=0.545;
p=0.059), whereas a relation (0.05<p<0.1) was
noticed with A. minutum.

In order to specify the contribution of these species
to DMSP production, DMSP has been analysed on
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Fig. 11. Daily variations in rainfall in the Toulon area (X: sampling dates).

isolated cells. Table 1 shows that a Dinoflagellate cell
hold about five times more DMSP (14.2+0.6 pmol
cell ") than a Diatom cell (2.7+0.1 pmol cell ). The
intracellular DMSP contents per unit of cell biovo-
lume were always five times higher in Dinoflagellates
(124.94+5.7 mM) than in Diatoms (25.1+1.1 mM).
Among Dinoflagellates, the amounts of DMSP per
cell were markedly similar, reaching between 10 and
15 pmol cell ! (Table 2). However, the intracellular
DMSP concentrations expressed per unit of cell
volume were much more contrastive. The highest
contents were encountered in 4. minutum (3387.6+
121.9 mM) and in D. acuminata (477.4+64.3 mM)
and the lowest in C. furca.

35 T 600
—a— N-NO3 -
30+ --0--
Q

P-PO4 3- 4 500

r 400

r 300

P-PO4 3- (nM)

r 200

r 100

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1999 2000
Months

Fig. 12. Temporal variations of nitrate and orthophosphate
concentrations.

3.2.4. Zooplankton community

The >90 pm fraction was mainly consisted of
zooplankton organisms (Fig. 9). Copepods were
numerically dominant (from 78% to 97%), especially
in June (1.3e+5 ind m ). But no correlation existed
with the DMSP concentration in the >90 fraction. In
return, a significant correlation was noticed with
cladoceran abundance (=0.587; p=0.042). Cladocer-
ans were a minority in Toulon Bay and were observed
in February (1000 ind m ) and June (600 ind m™>).

3.2.5. Bacterial abundance
The bacterial abundance remained low during
the major part of the year, except in April, May
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Fig. 13. Annual variations of temperature and salinity.
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and June, with a maxima around 8e+5 ind ml !
(Fig. 10). No significant correlation was observed
with the particulate DMSP of the 0.2-5 pum size
class.

3.3. Relationships with abiotic parameters

The rainfall pattern in Toulon area was character-
ized by a high temporal variability (Fig. 11). In
autumn, precipitations occurred in the form of strong
showers (105 mm on 19 October 1999). These rains
greatly affected the nutrient concentrations (Fig. 12),
which were highly increased in October (up to 30.3
UM for nitrates and to 348 nM for orthophosphates),
but also the salinity which dropped to 29%o (Fig. 13).
This period was characterized by high Diatom
abundances and low DMSP, concentrations. From
February to September, salinity gradually stabilized at
around 38%o. Photoperiod started to increase from
December (Fig. 14). Seawater temperature increased
later, in February (Fig. 13). In the same time, DMSP
concentrations and Dinoflagellate abundances began
to rise.

4. Discussion

Since CLAW hypothesis has been expressed, many
oceanographic missions have been dedicated to the
sulphur cycle (DMS, DMSP) in global oceans (Kettle,
1999). However, only few works have been carried

out in shallow and coastal ecosystems. Influence of
anthropogenic inputs on these specific areas has rarely
been studied. This work was performed in the Little
Bay of Toulon, in order to analyse the variations of
DMSP,, in relation with plankton communities and
environmental parameters.

For this purpose, DMSP, was measured in
different plankton size classes. Bates et al. (1994)
mentioned that the DMSP,, concentrations may be
underestimated when the filtering pressure results in
cell rupture. Ideally, only gravity filtration would
prevent the loss of DMSP,. In this study, gravity
filtration was applied over the 90 um membranes,
whereas a gentle pressure should be used to separate
the 5-90 and 0.2-5 pm fractions. Some authors
pointed out the reproducible character of the losses
of DMSP,, by filtration, and recommended the use of
correction factors (Stefels and Van Boekel, 1993). To
estimate the losses due to filtration, we carried out
experiments with the 5-90 pm fraction. These losses
were estimated at 37.3+7.9% (n=4), meaning that
the DMSP, data presented here were probably
underestimated.

The DMSP,, concentrations are generally more
elevated in coastal waters than in open sea (Kiene and
Linn, 2000). It is also the case in Toulon Bay where
high DMSP,, concentrations were found, ranging from
2.1 to 58.8 nM. At Villefranche-sur-mer, in the
Mediterranean Sea, Belviso et al. (1990) mentioned
similar concentrations in order of 65 nM, which are in
accordance with our results. Much more elevated
values (between 3.4 and 4.7 pM), were observed in
the Barcelona harbour (Belviso et al., 2000). Previous
measurements performed in our laboratory showed
much lower DMS and DMSP,, levels outside of the
Bay of Toulon (Despiau et al., 2002; Jean, 2002). This
contrast is probably due to the semi-enclosed and
coastal configuration of the Bay which may influence
a stronger algal productivity and consequently, higher
DMSP,, levels.

According to Liss et al. (1993), temporal profile of
DMSP concentrations is defined by a strong season-
ality in temperate waters, particularly in coastal areas.
In Toulon, the DMSP,, concentrations followed an
obvious seasonal evolution, with a maximum which is
28 times greater than the minimum. This maximum
was observed in winter, whereas in other areas, it is
generally found in springtime, particularly in the



Wadden Sea (Van Duyl et al., 1998) and in the
Sargasso Sea (Dacey et al., 1998).

In open-ocean surface waters, most of DMSP is
found in suspended particles whose size ranges from
tenths to several hundreds of microns (Turner et al.,
1988). In Toulon, the highest DMSP contents were
measured in the 5-90 um fraction. This is in good
agreement with the results of Belviso et al. (2000) in
Barcelona harbour, who found more than 90% of total
DMSP,, in the >10 um fraction. According to Corn et
al. (1996), picoplanktonic DMSP represented only
10% of the total DMSP,, in the Ligurian Sea and up to
25% in Atlantic Ocean.

It has often been shown in the literature that
chlorophyll a data were not coupled to biomass and
also not to DMS(P), on account of algal species
differences. In this work, we estimated the plankton
biomass in each particulate fraction using the protein
contents. In Toulon Bay, the 5-90 um fraction held
the highest protein concentrations. This suggests that
the elevated DMSP values in the 5-90 um size class
were due to the greater contribution of this fraction to
the plankton biomass. To check this assumption, we
have calculated the DMSP/protein ratio for this size
class. Its strong temporal variations, with increases in
March, June and September, mean that the DMSP
values found in the 5-90 um size class cannot fully be
explained by the biomass in this fraction. Such
temporal evolution of this ratio suggests that some
planktonic organisms produce large amounts of
DMSP at some periods of the year. This hypothesis
has been confirmed by DMSP measurements on
isolated cells of the 5-90 um fraction. In Toulon, this
size class was principally composed of Diatoms and
Dinoflagellates. But the isolation of algal cells showed
the major role of Dinoflagellates in DMSP concen-
trations. These organisms contained higher intra-
cellular concentrations of DMSP (124.9£5.7 mM)
than Diatoms (25.1+1.1 mM). These values are in
accordance with Turner et al. (1988), who showed that
the intracellular DMSP can vary between 37 and 95
mM in phytoplankton. It is generally accepted that
Prymnesiophytes (including coccolithophorids) and
Dinoflagellates contain more DMSP than do Diatoms
(Keller et al., 1989; Liss et al., 1993). According to
Keller and Korjeff-Belows (1996), Dinoflagellates
produce several hundreds of millimoles DMSP per
unit cell volume. Belviso et al. (2000) measured

values ranging from 355 to 972 mM in Dinoflagel-
lates and Turner et al. (1988) found concentrations of
650 mM in Flagellates.

In Toulon Bay, among Dinoflagellates, P. arcua-
tum, C. furca, D. acuminata and especially A.
minutum contributed considerably to DMSP produc-
tion. Their biomasses are well correlated with
temporal evolution of DMSP concentrations in the
5-90 um class. The intracellular DMSP content was
particularly high in 4. minutum (3387.6+121.9 mM).
In the other Dinoflagellates, it ranged between
37.542.1 mM (C. furca) and 477.4+64.3 mM (D.
acuminata). Using these values together with the
phytoplankton abundances, we estimated that these
species were responsible for until 70% of the total
DMSP,, in March.

A. minutum is well known to produce Diarrheic
Shellfish Poison (DSP) toxins (Sournia et al., 1991;
Lassus et al., 1995). This species is commonly
associated with algae proliferation due to the eutro-
phication (Menesguen in Barth and Fegan, 1990;
Souchu and Aminot in IFREMER, 2001a). Its
presence in Toulon Bay was confirmed by the «réseau
seau francais de surveillance des efflorescences
algales» from IFREMERd (2001b). Alexandrium
genus grows generally better in nitrogen-rich ecosys-
tems with a limited supply of phosphate (Wang and
Hzieh, 2002). It also could be the case in Toulon Bay,
where high nitrate concentrations and high values of
the N/P ratio preceded the bloom of 4. minutum.
However, photoperiod could also have an important
role, since Alexandrium growth started when the
photoperiod began to increase.

In this work , we also found that DMSP of the >90
um size class was correlated with the cladoceran
abundance. The role of zooplankton in the sulphur
cycle has often been mentioned in the literature.
Dacey and Wakeham (1986) showed that the third of
the algal DMSP grazed by zooplankton organisms
was released as DMS in the culture medium. But the
most part of the DMSP ingested by Eurytemora
affinis is excreted as faecal pellets, without being
metabolized (Kwint et al., 1996). Besides, according
to Tang (2000), the rate of DMSP not assimilated by
Acartia tonsa is between 88% and 100%. It is now
largely accepted that the presence of DMSP in
zooplankton organisms is only due to the ingestion
of algal cells. In Toulon Bay, the correlation between



cladocerans and DMSP may confirm this idea. Indeed,
cladocerans are grazers, whereas copepods are rather
omnivorous (Bougis, 1974).

Regarding the last size fraction, no correlation
was found between the DMSP concentrations of the
0.2-5 pum class and the bacterial abundance.
Bacterial growth occurred mainly between April
and June, whereas DMSP concentrations in the
0.2-5 um fraction increased earlier, in March. This
suggest that, in the 0.2-5 um size class, DMSP
comes probably from phytoplankton rather than
bacteria.

The Little Bay of Toulon is characterized by a
higher algal abundance than in open sea. However, no
anoxia was recorded, and nutrient concentrations were
only episodically high. The semi-enclosed Toulon
Bay is influenced by rains, which result in increased
nutrients concentrations and falls in salinity. The low
salinity observed in autumn may explain the low
values of DMSP,, concentrations and of the DMSP/
protein ratio recorded in this season. Indeed, DMSP is
an osmolyte protecting algal cells against external
strong salinities. Hypo-osmotic conditions observed
in October may have induced cell lysis but also a
decrease in DMSP synthesis.

Finally, this study indicated that high concen-
trations of DMSP, existed in the Little Bay of
Toulon. They come from high algal abundances and
more precisely from Dinoflagellates. They also result
of the presence of DMSP-rich species, and especially
of A. minutum. Such particularities are probably due
to the configuration of the Bay which limits the
exchanges with outside and makes it particularly
sensible to abiotic factors such as precipitations.
So, this work brings an indirect contribution for a
better understanding of the influence and the con-
sequences of eutrophication on the natural sulphur
cycle.
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