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Context

Dimethylsulfonopropionate (DMSP) and dimethylsulfoxide
(DMSO) are the precursors of dimethylsulfide (DMS), a gas that
allows the formation of sulphate aerosols impacting on the
Earth radiation balance (Fig1). DMS(P,O) are playing several
hypothetical roles on phytoplankton cells such as antioxidant,
cryoprotectant or osmoregulator.

Goals

- Understand the role of DMS(P,O) as antioxidant for
phytoplankton by the impact of light intensity

- Complete the DMS(P,O) cycle

- Validate candidate genes implied in DMS(P,O) production

- Understand the link between ROS production and
DMS(P,O) measurements

- Include these results into a biogeochemical model (MIRO)
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consumption and photooxidation are the main DMS fates [38],
[41], [42]. Because DMS production results from the balance of
several complex processes, the link between DMSP production
and atmospheric DMS emission is not direct and statistical
relationships between DMS concentrations and other environ-
mental variables (such as chlorophyll a (Chl a), nutrients,
irradiance or mixed layer depth) are uncertain and generally
regional in scope [39], [40].

Several mechanistic models of different biological complexity
(reviewed by Le Clainche et al. [43]) have been therefore
developed to better assess and understand DMS production and
controlling factors in marine ecosystem [44], [45], [46], [47], [48],
[49], [50], [51], [52], [53], [54], [55], [56], [57], [58]. All these
models couple a biogenic S module composed of two or three state
variables (DMS, particulate DMSP (DMSPp) and/or DMSPd) to
a C- or nitrogen- (N) based ecological model of the plankton
community [43], [59]. Most of them subdivide phytoplankton into
several functional groups characterized by a specific DMSP cell
quota (S:C) in agreement with observations [7]. S:C quota is
generally considered as a constant with the exception of models of
Le Clainche et al. [52] and Polimene et al. [58] that include
variation of S:C with light intensity. The representation of
heterotrophic compartments is generally less complex [43] and
only some recent modelling studies include an explicit represen-
tation of the bacteria (e.g. [50], [56], [57], [58]). To the best of our
knowledge the DMSP/DMS model of Archer et al. [50] is the only
attempt to link the DMSP/DMS fate to bacterial degradation of
organic matter, distinguishing between C and DMS- and DMSP-
consuming bacteria types. These authors conclude that a tight
coupling between the ecological processes and the DMS cycle is
required to properly model DMS emissions to the atmosphere due
to both the species dependence of DMSP production and the
complexity of microbial metabolic pathways leading to the
production of DMS.

Accordingly, we integrated a module describing the DMS(P)
cycle into the existing ecological MIRO model [60] that describes
C and nutrients cycles in the Southern North Sea (SNS) with an
explicit description of the phytoplankton and bacteria dynamics to
study the microbial controls of DMS(P) production and fate
including DMS emission to the atmosphere. The MIRO model is
a conceptual model of the biogeochemical functioning of marine
ecosystem that includes an explicit description of growth and fate
of Phaeocystis (Haptophyceae) that is one of the most intense DMSP
producers [8], [61], [62]. The model was applied to the English
Channel and the SNS with a focus to the Belgian coastal waters
characterized by massive spring blooms of Phaeocystis globosa that
develops between the spring and summer diatom blooms (e.g.
[63], [64], [65]) in response to excess NO3

2 river inputs [66]. This
is an adequate case study of Phaeocystis-dominated coastal area
where the model can be applied to study the link between DMSP
production/cleavage by phytoplankton, DMS(P) bacterial trans-
formation, and DMS emissions as field observations also report
important DMS concentration [33], [67], [68]. The NE Atlantic
Shelves (including the SNS) were indeed pointed as ‘‘hot-spot’’
areas for DMS concentrations (with the Atlantic Subarctic region)
in the Atlantic Ocean [40].

In this paper, we first describe the concepts behind the DMS(P)
mathematical model and its coupling with the ecological MIRO
model (MIRO-DMS). The model is then applied in the SNS to
describe the seasonal evolution of DMS(P) and the associated
DMS emission to the atmosphere, and provide an annual budget
of DMS(P) fluxes. Sensitivity tests on parameters are conducted to
identify key microbial controls of DMS(P) production and how
these change the emission of DMS to the atmosphere. Finally, we

test the applicability of several published empirical relationships
that predict DMS from other variables such as Chl a.

Materials and Methods

Model description
The MIRO-DMS model results from the coupling between a

module describing the DMS(P) dynamics and the existing
ecological MIRO model developed to represent the dynamics of
the ecosystem of the North Sea dominated by Phaeocystis colonies
[60], [69].

The ecological MIRO model, describing C, N, phosphorus (P)
and silica (Si) cycles, assembles four modules describing the
dynamics of three phytoplankton Functional Types (FT; diatoms,
nanoflagellates and Phaeocystis colonies), two zooplankton FT
(meso- and microzooplankton) and one bacteria FT involved in
the degradation of dissolved and particulate organic matter (each
with two classes of biodegradability) and the regeneration of
inorganic nutrients (NO3

2, NH4
+, PO4

32 and Si(OH)4) in the
water column and the sediment. Equations and parameters were
formulated based on current knowledge of the kinetics and the
factors controlling the main auto- and heterotrophic processes
involved in the functioning of the coastal marine ecosystem (fully
documented by Lancelot et al. [60] and in http://www.int-res.
com/journals/suppl/appendix_lancelot.pdf).

The description of the DMS cycle requires the addition of three
state variables: DMSPp associated to phytoplankton cells, DMSPd
and DMS. Processes and parameters describing the DMS(P) cycle
(Fig. 1) and its link with carbon rates in MIRO are described
below by equations 1 to 12.

DMSPp synthesis and fate. The DMSPp is a constitutive
compatible solute produced by phytoplankton cell [11]. In the
MIRO-DMS model, the DMSPp cellular production and fate are
similar to those of other phytoplankton functional molecules, with
DMSPp production linked to phytoplankton growth, and DMSPp
loss mainly resulting from cell lysis, micro/mesozooplankton
grazing and sedimentation (Eq. 1). These processes are described
for each phytoplankton FT (diatoms (DA), nanoflagellates (NF)
and Phaeocystis colonies (OP) expressed in mgC m23) as in the
MIRO model and a specific DMSP:C quota (SC) is attributed to
the three phytoplankton types. The DMSPp (in mmolS m23) state
equation is:

dDMSPp

dt
~ mn{lysisn{grazing{sedn½ " # SCn

for n~DA, NF and OP

ð1Þ

where mn represents the growth of different phytoplankton types (in
mgC m23 h21), lysisn is the phytoplankton lysis (in mgC m23 h21)
(flux1+2, Fig. 1) and SCn is the intracellular phytoplankton S:C
quotas (molS:mgC) derived from the literature (Table 1; [7]). sedn

correspond to the loss of DMSPp due to diatoms and Phaeocystis
colonies sedimentation (in mgC m23 h21) (flux4, Fig. 1). In the
model, the sedimentation of nanoflagellates is considered as null.
grazing is the predation pressure of micro and mesozooplankton on
respectively on nanoflagellates (NF) and diatoms (DA) (in mgC
m23 h21) (flux3, Fig. 1). Phaeocystis colonies (OP) are not subject to
grazing [70].

DMSPd release and fate. The DMSPd simulated in the
water column results from the DMSPp released after phytoplank-
ton lysis and zooplankton grazing. When released, DMSPp
remains partly as DMSPd in the water column but is also partly
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Estimation	of	current	and	future	DMS	
emissions

FIG1:	DMS(P,O)	cycle		including	exchange	between	phytoplankton	and	
atmosphere.

At	exponential	half-growth,	we	measure
•Density and	cellular	biovolume
•Fluorescence	in	vivo	and	Chlorophyll	a
•The	influence	of	light	intensity	on	photosynthetic	rate
•DMS(P,O)	production
•Reactive	Oxygen	Species	(ROS)
•Expression	of	candidate	genes	for	their	synthesis
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Experiments

à Effect	of	light	intensity	on	DMS(P,O)	production	by	ß
different	key	species
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When the culture will be on high
light intensity, we will measure the
oxidative stress with the hydrogen
peroxide production as well as the
presence of some antioxidant
enzymes, compared to the DMS(P,O)
production.
We are expecting different results
depending on species, and according
to the light intensity. Experimental
results and field measurements will
be included into the biogeochemical
MIRO model to better understand
the DMS(P,O) cycle and its role on
the phytoplankton cell.0
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