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Abstract High-resolution surface measurements of dimethylsulfide (DMS), chlorophyll a fluorescence, and
the efficiency of photosystem II were conducted together with temperature and salinity along five eastward
sections in the tropical and subtropical Atlantic, Indian, and Pacific Oceans. Analysis of variability length scales
revealed that much of the variability in DMS concentrations occurs at scales between 15 and 50 km, that is, at the
lower edge of mesoscale dynamics, decreasing with latitude and productivity. DMS variability was found to be
more commonly related to that of phytoplankton-related variables than to that of physical variables. Unlike
phytoplankton physiological data, DMS did not show any universal diel pattern when using the normalized
solar zenith angle as a proxy for solar time across latitudes and seasons. The study should help better design
sampling and computing schemes aimed at mapping surface DMS and phytoplankton distributions, taking into
account latitude and productivity.

1. Introduction

Dimethylsulfide (DMS) is a biogenic gas produced by the microbial food web within the photic layer of the
ocean. Oceanic emission of DMS is important because it plays a crucial role for the recycling of sulfur to
continents through the atmosphere [Lovelock et al., 1972] and because DMS serves as a precursor for the
formation and growth of atmospheric sulfate aerosols [Andreae and Barnard, 1984; Hegg et al., 1991]. This has
important implications for cloud microphysics in marine regions remote from continental emissions [Vallina
et al., 2007; Andreae and Rosenfeld, 2008; Lana et al., 2012]. Sea surface DMS concentration and emission
result from a complex web of ecological, chemical, and biogeochemical processes interacting with the
physics of the environment [Malin and Kirst, 1997; Kiene et al., 2000; Simó, 2001].

Resolving the spatial/temporal pattern of DMS variability and its relationships to other biogeochemical and
biophysical variables is important in order to understand the factors controlling DMS cycling. Analyses of
remotely sensed global ocean color have demonstrated that mesoscale (10–200 km) variability occurs
similarly for biological and physical variables, dominates over most of the oligotrophic regimes, and
contributes up to a third of the total variability of high-productivity regions [Doney et al., 2003]. The database
of DMS measurements used for the DMS climatology [Lana et al., 2011] shows that large-scale spatial and
temporal variabilities occur in the surface oceans, but coverage is insufficient to resolve the fine-scale
dynamics [Belviso et al., 2004; Tortell et al., 2011].

Most of seawater DMS measurements to date have been obtained using standard purge and trap and gas
chromatography (GC) methods, with a measurement frequency typically of a few measurements per hour at
the best [Bell et al., 2012]. As a result, the distribution of DMS is still coarse considering the number of field
campaigns targeted at this compound. The development of high-frequency DMS analysis mass spectrometers
over the last decade has the potential to greatly expand the coverage and resolution of surface ocean DMS
observations and their relationship to other oceanographic variables [Tortell, 2005a; Kameyama et al., 2009,
2013; Saltzman et al., 2009; Royer et al., 2014].

Tortell [2005b] reported significant small-scale heterogeneity in the distribution of DMS across oceanic
regimes and suggested that previous field studies might have underestimated the true spatial variability of
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DMS in dynamic marine systems. Subsequent work by the same group in the northeast subarctic Pacific
[Nemcek et al., 2008; Asher et al., 2011] used decorrelation and variability length scales to show that DMS
concentration varied over shorter distances (approximately 7 km) compared to sea surface temperature (SST)
and salinity (11–14 km), and shorter or longer than that of chlorophyll a (chla; 3.5–12.5 km). On the western
side of the subarctic North Pacific, Kameyama et al. [2009] observed elevated DMS peaks associated with
patches of high biological activity. In the eastern Atlantic, Zindler et al. [2014] observed variability in DMS and
isoprene concentrations across mesoscale hydrographic eddies that was related to nitrogen-phosphorous
limitation. Studies of this kind are scattered and mostly regional, hence not necessarily representative of
most of the world’s oceans.

Here we use atmospheric pressure chemical ionization mass spectrometry (APCIMS) to explore DMS
concentration and some of the hydrographic and biophysical variables that may influence it at very fine scale
within the low-latitude oceans. We collected continuous underway data across the tropical and subtropical
Atlantic, Indian, and Pacific Oceans over spring, summer, and fall during the 7month Malaspina 2010
Circumnavigation Expedition. Analysis of variability length scales (VLS) for DMS, along with potential
hydrographic and biological drivers in surface waters, provides insight into how DMS distributes on the map
of the physics and biology of the surface oceans.

2. Methods
2.1. Sampling Scheme

This study was conducted on board the R/V Hespérides from January to July 2011 during the Malaspina 2010
Circumnavigation Expedition. The expedition covered 22 biogeochemical provinces [Longhurst, 1998] and a
total distance of 58,890 km across the Atlantic, Indian, and Pacific Oceans, mostly within latitudes ranging
between 30°N and 30°S (Figure S1 in the supporting information). DMS was measured continuously in
near-surface seawater along a total distance of approximately 21,300 km, when the analytical system was
operative (Figure 1). Seawater was sampled using the underway pump of the ship (4m inlet) and supplied

Figure 1. Variables measured at high frequency during the Malaspina 2010 Expedition. (a) Salinity (kgm�3); (b) SST (°C);
(c) Sigma T (potential density, kgm�3); (d) DMS concentration (nmol L�1); (e) Chlorophyll a fluorescence (Fluo, arbitrary
units); and (f) efficiency of photosystem II (FvFm). Colors indicate broad oceanic regions. The instrument measuring Fluo
and FvFmwas not operative during the first leg in the North Atlantic. Note that there are sections where no continuous but
discrete DMS measurements exist. These are shown to provide the circumnavigation results context but have not been
used for the variability analysis.
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continuously for DMS and Fast Repetition Rate fluorometer (FRRf ) measurements. A third tap allowed
discrete sampling for manual analyses. Details of the underway sampling setup can be found elsewhere
[Royer et al., 2014]. Go-Flo sampling bottles (General Oceanics, Miami, FL, USA) were also used to
collect seawater samples overboard from a depth of 3m, with the purpose of intercomparison with the
underway pump.

2.2. Analytical Instruments and Methods

Continuous DMS measurements were performed with a gas equilibrator APCIMS (Eq-APCIMS) as described
by Saltzman et al. [2009] and Royer et al. [2014]. In brief, aqueous DMS is equilibrated with air across using a
hydrophobic Teflon membrane with seawater and clean air flowing in opposite directions. The resulting
air stream is diluted with air containing an isotope-labeled CD3SCH3 internal standard from a permeation
tube and directed toward the mass spectrometer inlet. DMS molecules are ionized via proton transfer from
H3O

+, and subsequently declustered, quadrupole mass filtered, and detected by an ion multiplier. Seawater
DMS (m/z 63) is quantified from the ratio to the isotope-labeled internal standard (m/z 66). Details of the
calculation required to convert the raw data into ambient concentrations are given elsewhere [Royer et al.,
2014]. For data collected every 2 s and averaged every minute, the sensitivity of the instrument was
equivalent to 0.1 nmol L�1, and the precision was 8%. The Eq-APCIMS measurements were matched with the
ship georeferenced position system, meteorological data, and salinity and SST measurements.

Purge and trap and GC coupled to flame photometric detection (FPD) were also used through the entire
cruise for DMS measurements in discrete samples. This instrument had a detection limit equivalent to
0.3 nmol L�1 and a precision better than 5% [Galí et al., 2013a]. Intercomparison exercises between the
Eq-APCIMS and the GC-FPD gave satisfactory results (slope = 1.12; R2 = 0.92; p< 0.0001). Further tests
demonstrated that the delivery of seawater from the underway pump did not significantly affect
endogenous DMS concentrations [Royer et al., 2014].

The FRRf (FASTracka, Chelsea Technologies, Surrey, UK) was used in parallel for underway measurements of
phytoplankton photophysiology, including themaximumquantum efficiency of photosystem II photochemistry
(FvFm). Seawater flowed continuously through dark tubes for approximately 3min before reaching the dark
chamber of the FRRf. The fluorescence induction protocol consisted of 100 saturation flashlets (1.3μs duration,
2.8 μs interflash delay) followed by 20 relaxation flashlets (separated by 50 μs). Different physiological
parameters such as initial fluorescence (F0), maximum fluorescence (Fm), variable fluorescence (Fv= Fm� F0),
and the ratio of variable to maximum fluorescence (FvFm = Fv/Fm= (Fm� F0)/Fm) were derived from the
curve of fluorescence induction in the photosystem II (PSII) according to Kolber et al. [1998]. Blank
calibrations with 0.2 μm filtered seawater were performed before and after instrument deployment. No
significant biofouling was observed during the cruise. The data were processed using the Chelsea FRS Software
(v.1.8), with reference and baseline corrections.

2.3. Data Processing and VLS

All high-frequency data (DMS, FRRf-derived parameters, SST, salinity, and derived potential density—sigma T)
were processed using MATLAB. First, the data were quality controlled and calculations were made to find the
optimum averaging time for improving the signal-to-noise ratio. Based on these results for DMS, an
averaging time of 60 s was used to process underway data, which yields a datum every 300m for a ship
steaming speed of 10 knots (18.5 kmh�1) [Royer et al., 2014]. Data acquired during oceanographic sampling
stations were discarded, and only measurements obtained during steaming were used. These yielded
analyzable transects ranging between 115 km and 1132 km.

To assess the spatial scale at which underway variables undergo critical variations, we chose the VLS over
several other similar analyses for its flexibility in using unequally spaced data and transects of different
lengths. The VLS can be regarded as the minimum spatial resolution necessary to fully describe the
distribution of a variable along a data series. We followed an analytical approach similar to that described by
Asher et al. [2011]. Each transect’s high-resolution data series over distance was first binned with increasing
distance bin sizes. Binning consisted of grouping consecutive data within the binning distance and
computing their average. The data were then interpolated linearly between bin averages to the resolution of
the original measurements. Amean squared error (MSE) between the interpolated data and observations was
calculated for each binning scheme. The MSE obviously increases proportionally with increasing binning

Geophysical Research Letters 10.1002/2014GL062543

ROYER ET AL. ©2015. American Geophysical Union. All Rights Reserved. 477



distance. The VLS is identified as the binning or interpolation distance at which there is a change in slope in
the relationship between MSE and interpolation distance (inset in Figure 2), that is, the distance beyond
which the fitness of the interpolation to the observations degrades faster. We defined a continuous transect
as one with a maximum gap distance of 1 km between two consecutive data points. Only transects with
lengths of continuous data >100 km were analyzed. We computed the VLS for each variable in each
transect and then calculated regional averages in the 11 biogeochemical provinces in which the study was
conducted [Longhurst, 1998].

2.4. Solar Zenith Angle Computation

The solar zenith angle (SZA) is the angle of the Sun away from vertical. It is 0 at noon at the equinox in the
equator and at the solstice in the tropics; on the same dates and latitudes, it is 180° atmidnight. The time at which
the Sun reaches a given SZA varies according to the latitude and the seasons, except for the fact that, by
definition, the Sun always rises at SZA �90° and sets at 90°, no matter where and what season the data are
collected. The SZA corresponding to each 60 s average of high-resolution data was computed according to date,
local time, and latitude. A normalization of the SZA was applied to make it vary between �180° or +180°
(midnight) and 0° (noon) through the diel cycle regardless of date and latitude. The normalized SZA (SZAn) was
computed using the following equations:

SZAn ¼ SZAþ SZAminð Þ= 90� SZAminð Þð Þ�90 for �90 < SZA < 0;

SZAn ¼ SZA� SZAminð Þ= 90� SZAminð Þð Þ�90 for 0 < SZA < 90;

SZAn ¼ SZAþ 90ð Þ= SZAmax� 90ð Þð Þ � 1ð Þ�90 for �180 < SZA < �90;

SZAn ¼ SZA� 90ð Þ= SZAmax� 90ð Þð Þ þ 1ð Þ�90 for 90 < SZA < 180;

where SZAmin and SZAmax are the daily minimum andmaximum SZA at a particular date and location. Every
60 s average of every measured variable was matched to its SZAn, thus allowing exploring their variability
over a universal diel cycle irrespective of season and latitude.

3. Results and Discussion
3.1. DMS Distribution Patterns

Most of the circumnavigation took place across oligotrophic waters of the central oceanic gyres, where chla
concentrations were very low. Cruise mean chlawas 0.14μg L�1, range 0.015–0.693μg L�1 (data not shown).
Cruise mean DMS concentration, including the regions with discrete sampling, was 1.1 nmol L�1, with a
minimum value below 0.1 nmol L�1 observed in the ultraoligotrophic waters of the South Atlantic and Pacific
Oceans (South Atlantic Gyre (SATL) and South Pacific Subtropical Gyre (SPSG)), and a maximum value of
9.6 nmol L�1 near the South African coast (Figure 1).

Over the total length of the expedition, DMS appeared to change sharply at salinity and SST gradients in
localized areas (for example, in the Equatorial Pacific, around km 35,000), suggesting a direct or indirect
physical influence on DMS concentrations. Such harmonious changes also occurred occasionally with chla
fluorescence: peaks were coincident in the Agulhas-Benguela region (around km 17,000) and in the Western
Australian current (around km 29,000), which suggested DMS production associated with biological drivers.
However, for the full data set, neither salinity nor SST nor fluorescence was good predictors of DMS
concentration. Simó and Dachs [2002] successfully combined biological and physical variables to predict
broad regional and seasonal DMS distributions using low-resolution measurements of the mixed-layer depth
(MLD) and the chla/MLD ratio. Unfortunately, our high-frequency DMS data set was not paralleled with same
resolution MLD and chla measurements as to be able to explore the behavior of the Simó and Dachs [2002]
relationship at the high resolution. The lack of covariance between DMS and biophysical variables over most of
the cruise (Figure 1) resulted in no significant statistical relationship of global applicability.

3.2. VLS Across Biogeographical Provinces

In order to better understand DMS distribution and its drivers, the data set was divided into biogeographical
domains (Trades, Westerlies, and Coastal) and subdivided further into 11 biogeographical provinces
[Longhurst, 1998]. Province averages of the VLS of DMS, salinity, SST, sigma T, in situ fluorescence (F0 from the
FRRf, hereafter Fluo), and FvFm are shown in Figure 2 and Table S1 in the supporting information. In general,
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Figure 2. Distribution of high-resolution DMS concentrations and DMS VLS across provinces along the track of the
Malaspina 2010 Expedition. (top) Dots on the map are surface DMS concentrations (nmol L�1) as measured with the
Eq-APCIMS. Concentration is depicted by the color bar on the right. The acronyms refer to Longhurst’s biogeographical
provinces: SPSG is South Pacific Subtropical Gyre; PEQD is Pacific Equatorial Divergence; PNEC is North Pacific Equatorial
Countercurrent; NPTG is North Pacific Tropical Gyre; SATL is South Atlantic Gyre; EAFR is East Africa Coastal; ISSG is Indian
South Subtropical Gyre; AUSW is Australia-Indonesia Coastal; SSTC is South Subtropical Convergence; AUSE is East
Australian Coastal; TASM is Tasman Sea. The colors of province acronyms refer to the following biogeographical domains:
blue = trades, black = westerlies, and green = coastal. The number next to the province acronym is the mean VLS (km)
of DMS. The number of transects analyzed per province is termed n, and the number of km comprised by all transects
in an individual province is indicated below. The inset graph shows an example of how the VLS is calculated: it represents
the measurement interpolation errors as a function of interpolated distance (km) within the SPSG province; the VLS
is marked by the arrow. (bottom) Province-averaged VLS (km) for salinity, SST, sigma T, DMS, Fluo, and FvFm. The green
or black line above bars identifies the provinces where DMS VLS is similar to that of biological or physical variables,
respectively.
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the VLS of salinity, SST, and sigma T were similar to each other, an expected feature that depicts the physical
structure of the surface ocean. The VLS of these physical properties ranged 18–80 km across provinces
(Table S1), with a circumnavigation average of 38 km. Biological variables related to phytoplankton biomass and
physiology generally showed shorter VLS: across province range of 18–40 km (mean of 27 km) for Fluo and
20–40km (mean of 28 km) for FvFm (Table S1). These scales of variability of physical and biological properties
are in agreement with the typical ranges for cross-streamwidths of ocean’s swift currents (10–100 km) and about
one fourth of the typical radii of low-latitude surface eddies as revealed by satellite altimetry (60–200 km) [Fu
et al., 2010]. This is a reasonable result, as open ocean chla patches are typically formed by horizontal advection
within rotating eddies [Chelton et al., 2011]. Examining the VLS by provinces, the VLS of Fluo and FvFm are
generally equal or smaller than those of salinity, SST, and sigma T. This was already observed by Strutton et al.
[1997] as an indication that the chla spatial variability is not always associated with the physical heterogeneity of
the environment. It is also consistent with the notion that faster responding tracers develop smaller scales of
variability, or more patchiness, than slower or more conservative tracers [Mahadevan, 2004]. Actually, both
Fluo and FvFm are even shorter lived tracers than chla since they are photophysiological variables that
do not only depend on phytoplankton biomass but also on pigment packaging in the cell, nutrient status,
and photoacclimation to incident irradiance, among other things.

The VLS of DMS was similar to those of physical and biological variables, ranging from 15 to 50 km (mean of
28 km; Table S1). These values are consistently larger than those reported with similar methodologies in the
North Pacific [Nemcek et al., 2008; Asher et al., 2011]. Interestingly, DMS VLS exhibited a significant inverse
correlation with latitude (Pearson’s r=�0.71, P< 0.05; Table S2 in the supporting information). This
correlation remains significant after including the VLS reported by the aforementioned studies at 50°N and
the VLS reported by Tortell et al. [2011] in the Ross Sea (r=�0.74, P< 0.005). This decrease in the VLS with
increasing latitude parallels the decrease of the Rossby deformation radius and eddy size with latitude
[Chelton et al., 1998]. In other words, ocean hydrographic mesoscale structures tend to get smaller with
increasing latitude, and DMS variability distribution follows a similar general pattern.

By comparing the VLS of DMS to those of physical and biological variables in all individual transects across
different provinces, we aim to obtain insight into the relative roles of the two types of variables in driving
spatial DMS variability. The DMS VLS was more similar to that of the biological parameters (Fluo and FvFm)
than to that of the physical parameters in 65% of the transects (Figure 2). This occurred mainly in the
oligotrophic gyres of the Atlantic and Pacific Oceans (SATL, SPSG, and North Pacific Tropical Gyre (NPTG)) as
well as the waters south of Australia (South Subtropical Convergence (SSTC) and East Australian Coastal
(AUSE)). DMS VLS more closely matched that of the physical variables in only 15% of the analyzed transects.
This occurred in the Pacific Equatorial Divergence (PEQD) and Tasman Sea (TASM). In most of the remaining
20% of the transects (within East Africa Coastal (EAFR), Indian South Subtropical Gyre (ISSG), and North
Pacific Equatorial Countercurrent (PNEC)), all of the VLS were similar. In those waters, the relative influences of
physics and biology on DMS could not be discerned. Only in Australia-Indonesia Coastal (AUSW), was the
DMS VLS smaller than any of the other variables’ VLS.

In general, the coastal domain presented the smallest VLS for biological variables and DMS (Figure 2;
Table S1), while oligotrophic waters showed the largest. In support of this emerging pattern, a significant
anticorrelation was observed between DMS VLS and Fluo across the regions where DMS variability is
driven by biology (r =�0.86, P< 0.05; Table S2). In other words, more productive waters, usually associated
with the coastal domain, tend to be patchier for both biological and biogenic tracers. Again, this pattern is
consistent with the previous studies by Nemcek et al. [2008] and Asher et al. [2011], where much smaller DMS VLS
(approximately 7 km) was associated with highly productive waters (chla up to 33μgL�1) in coastal domain
waters off British Columbia.

3.3. DMS and Phytoplankton Physiology Over the Normalized Diel Cycle

Diel oscillations in solar irradiance are an additional potential source of DMS variability encountered during
this study. The day-night alternation and the hourly underwater light regime exert an obvious rhythmic
forcing on biological circadian rhythms, photochemical and photobiological processes, and potentially on
biogeochemical fluxes [Doney et al., 1995; Poretsky et al., 2009; Ottesen et al., 2014]. Our data set is not
particularly well suited for assessing diel oscillations because spatial variability occurred simultaneously
to temporal variability, and the cruise covered a number of latitudes and seasons. To overcome this
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limitation, we examined our data as a function of SZAn (Figure 3), which allows collapsing all data into a
single solar diel cycle.

Average chla fluorescence (Fluo) showed hardly any day-night oscillation, yet a subtle photoacclimation
pattern was apparent for the upper envelope of the statistical variability (Figure 3a), pointing out to
photoacclimation processes where Fluo decreases at daytime and increases at nighttime according to the
need for less or more efficient photosynthetic antenna. A much more remarkable diel pattern was found for
the maximum photosystem II quantum yield or photochemical efficiency, FvFm (Figure 3b). As in Behrenfeld
et al. [2006], photoacclimation and photoinhibition of phytoplankton (translated into low-FvFm values)
appeared at low SZAn while higher FvFm occurred at dawn and dusk. The sudden increase in FvFm at dawn
results from the oxidation of the plastoquinone pool by the photosystem I electron turnover, and higher
FvFm at dusk results from complete recovery after the depressing effect of high light during daytime, due to
nonphotochemical quenching and photodamage to PSII. This common pattern across latitudes and seasons
indicates that time of the day, and not only the instantaneous or daily integrated irradiance, is more
important for phytoplankton physiology.

Interestingly, DMS concentration did not show a significant relationship to SZAn (Figure 3c). Strong diel
cycles have been reported for gross community DMS production in Lagrangian studies conducted in
highly irradiated and stratified waters at sea [Galí et al., 2013b]. Suggested causes are the diel oscillations
of UV radiation exposure and grazing [Galí et al., 2013a, 2013b]. As for DMS losses, photolysis follows
an obvious oscillation that parallels irradiance. Weaker yet significant cycles have also been observed
for microbial DMS consumption. Although these processes tend to cancel each other and buffer DMS
concentration changes, clear diel variability is often encountered. Using the Eq-APCIMS in two Lagrangian
studies, we recently observed repeated day-night DMS oscillations in the Mediterranean Sea (results
not shown); however, the diel pace in September was in antiphase of that in May. Therefore, the absence
of a pattern in Figure 3c is not to be interpreted as the lack of diel patterns in DMS concentration and
cycling processes, but the absence of a universal diel cycle of global applicability similar to those of Fluo
and FvFm.

3.4. Implications

Broad spatial coverage with high-frequency measurements is essential to decipher the scales of variability
and patchiness of DMS. In some instances, high-resolution measurements showed strong gradients, e.g., an
abrupt change from 1 to 8 nmol L�1 was observed within 1.5 km in the Benguela province. Tortell [2005b]
observed an increase of 30 nmol L�1 over 750m along the Queen Charlotte Islands. In contrast, traditional
field sampling and measurement protocols, with sampling and analysis times in the order of 10–20min at
the shortest, would clearly fail to resolve this level of spatial heterogeneity. These results emphasize the need
for high-frequency DMS measurements that match the resolution of sensor-based physical and biological
data, in order to better understand the mechanisms driving DMS distribution.

Figure 3. Normalized solar zenith angle (SZAn) dependence across the entire circumnavigation for (a) Fluorescence (Fluo),
(b) FvFm, and (c) DMS. Total surface irradiance (Wm�2 × 1000 in Figures 3a and 3b; Wm�2 × 100 in Figure 3c) is given in
red. Means and standard deviations are shown for each SZAn.
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The VLS analysis revealed that most spatial DMS variability occurs at the low mesoscale (15–50 km). Nemcek
et al. [2008] and Asher et al. [2011] had already reported even shorter scales of variability with similar methods.
However, these works were conducted in highly productive temperate waters across two biogeographical
provinces, one coastal. Our study covers 11 biogeographical provinces in 3 domains, mostly low latitude
oligotrophic waters. Thus, we largely expand the variability analysis to the tropical and subtropical regions that
make up the most of the world’s oceans in terms of area.

Our study shows that, similar to what occurs with phytoplankton, the DMS variability scale is smaller in
productive waters and larger in oligotrophic waters. This, along with its dependence on latitude, should be
considered when designing sampling schemes in future field studies aimed at describing DMS distribution
and its drivers. The spatial coverage and gridding of sampling (when analysis is to be done on discrete
samples) should be designed to, at the least, cover the low mesoscale, taking into account that this contracts
as we move poleward. Satellite imagery can assist with sampling design: both chla patchiness from ocean
color as well as physical structure information based on satellite altimetry and infrared radiation can be helpful;
we strongly recommend to increase the sampling grid density at high latitudes and in highly productive waters.
Similar criteria should apply when we aim to construct regional to global maps of surface ocean DMS
concentration using objective analysis schemes [Lana et al., 2011]. Our results indicate that distance-weighted
interpolations steps [e.g., Barnes, 1964] should scale to latitude-dependent sizes of mesoscale variability.

The lack of correlation of DMS with SZAn revealed that there is no such a thing as a universal diel pattern of
global applicability for DMS. Only Lagrangian studies in representative oceanic regions provide the proper
strategy to investigate the mechanisms of short-term DMS dynamics. However, the absence of a unique
diel cycle, along with the observation that DMS tracks spatial variability in patchy or abruptly varying
environments, increases the difficulty in extrapolating from local studies when developing prognostic
numerical modeling for this trace gas at the global scale. Global models are close to resolve mesoscale DMS
variability [Chu et al., 2004], but will still have a hard time to reproduce the lower edge mesoscale and
submesoscale variability presented here.
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