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Abstract. Here we present results of the first comprehen-We conclude that DMSP and DMSO and/or their degradation
sive study of sulphur compounds and methane in the oligproducts might serve as potential substrates fog @teduc-
otrophic tropical western Pacific Ocean. The concentrationgion in the oxic surface layer of the western Pacific Ocean.
of dimethylsuphide (DMS), dimethylsulphoniopropionate
(DMSP), dimethylsulphoxide (DMSQ), and methane (H
as well as various phytoplankton marker pigments in the sur-

face ocean were measured along a north—south transit frorh  Introduction

Japan to Australia in October 2009. DMS (0.9 nmof),

dissolved DMSP (DMSE 1.6nmolL1) and particulate Oceanic dimethylsulphide (DMS) is the most important
DMSP (DMSR, 2 nmol L™1) concentrations were generally SOurce of.biogenic sulphur fo the at.mo's.phere and, thus,
low, while dissolved DMSO (DMS@ 4.4 nmol 1) and the oceanic DMS flux constitutes a significant component
particulate DMSO (DMS@, 11.5 nmol 1) concentrations ~ Of the global sulphur cycle, see e.g. Vogt and Liss (2009).
were comparably enhanced. Positive correlations were found he oceanic distributions of DMS and its major precursor
between DMSO and DMSP as well as DMSP and DMSO dimethylsulphoniopropionate (DMSP) result from a complex
with chlorophylla, which suggests a similar source for both interplay of biological and non-biological pathways, such
compounds. Similar phytoplankton groups were identified as2S formation by phytoplankton and microbial cleavage of
being important for the DMSO and DMSP pool, thus, the DMSP to DMS on the one hand, and microbial consumption
same algae taxa might produce both DMSP and DMSO. IS well as photochemical oxidation of DMS and its loss to
contrast, phytoplankton seemed to play only a minor role forthe atmosphere on the other hand (§j12004; Stefels et al.,
the DMS distribution in the western Pacific Ocean. The ob-2007; Vogt and Liss, 2009; Safer et al., 2010). Although
served DMSR: DMSO, ratios were very low and seem to dlmethylsulphOX|de (_DMSO) is recqgnlzed as an important
be characteristic of oligotrophic tropical waters represent-reservoir of sulphur in the ocean, its production and con-

ing the extreme endpoint of the global DMS®MSQO, ra-  Sumption pathways are poorly understood. The principal pro-
tio vs SST relationship. It is most likely that nutrient lim- duction mechanisms for DMSO are the photochemical and

itation and oxidative stress in the tropical western PacificPacterial oxidation of DMS, as well as direct synthesis in ma-

Ocean triggered enhanced DMSO production leading to arine algae cells (Lee and De Mora, 1999; Lee et al., 1999a).
accumulation of DMSO in the sea surface. Positive correla-Bacterial consumption, reduction to DMS, further oxidation
tions between DMSPand CH,, as well as between DMSO  to dimethylsulphone (DMS§), and export to deep waters via

(particulate and total) and GiHwere found along the transit. Sinking particles are possible sinks for DMSQO in the euphotic
zone (Hatton et al., 2005). Itis well known that DMS, DMSP
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and DMSO play important roles in the oceanic nutrient cy- role of sulphur compounds as potential precursors fop CH
cle. They are ubiquitous in the ocean and are responsible foin the surface ocean. All data were retrieved during a north—
the transfer and cycling of sulphur and carbon between dif-south transit cruise in October 2009 (i¢er and Quack,
ferent trophic levels in plankton (Kiene et al., 2000; 8im 2012) as part of the TransBrom project.
2004; Sind et al., 2002; Yoch, 2002). DMSP, for example,
can completely satisfy the sulphur demand for bacterioplank-
ton and can deliver 48 % of the sulphur requirement for mi-2  Methods
crozooplankton (Kiene and Linn, 2000; Sim2004). Addi-
tionally, DMSP can supply between 8 and 15 % of carbon forwater samples were collected aboard the Fhnefrom
bacteria and can serve as an energy source, which makesdtto 24 October 2009 during a transit cruise from Tomako-
the most important single substrate for marine bacterioplankmai (Japan) to Townsville (Australia) in order to analyse the
ton (Kiene et al., 2000; Simet al., 2002). DMSO seems sea surface concentrations of DMS, DMSP, DMSO 4@Hd
to be an important substrate for specialized bacteria that usphytoplankton composition (Fig. 1). Samples were collected
DMSO as carbon or electron source (Lee et al., 1999abSim every three or twelve hours from approximately 5m depth
etal., 2000). using the underway pump system installed in the hydro-
Methane (CH) is an atmospheric trace gas that con- graphic shaft. One 250 mL sample was collected for sulphur
tributes significantly to the greenhouse effect and chemistrycompound analysis, three 25 mL samples were collected for
of the Earth’s atmosphere (IPCC, 2007). Oslmainly pro-  CHj analysis and one 5-13 L sample was collected for deter-
duced by methanogenesis as part of the microbial decommination of phytoplankton pigments.
position of organic matter (Cicerone and Oremland, 1988;
Ferry, 2010). Despite the fact that methanogenesis require3.1  Analysis of sulphur compounds and Cl
strictly anaerobic conditions (see e.g. Ferry, 2010),Cbh-
centrations above the equilibrium concentration with the at-Out of the 250mL sulphur sample, three replicate sub-
mosphere are usually found in the ventilated (i.e. oxic) opensamples (10 mL) were analysed for DMS, dissolved DMSP
ocean surface layer (see e.g. Reeburgh, 2007). This indicatd®MSPy) and DMSO (DMSQ). The total and, thus, the par-
that the open ocean is indeed a source ofy@+the atmo-  ticulate fraction of DMSP (DMSP DMSF,) and DMSO
sphere. Several explanations for this obvious “oceanig CH (DMSG;, DMSQ,) were analysed in additional three repli-
paradox” have been suggested. For example, methanogemrate sub-samples (10 mL) taken from the 250 mL sample.
might live in anoxic micro-niches such as found in sink- Samples were measured immediately after collection, with
ing organic particles and inside of zooplankton guts (de An-the exception of DMSO. DMSO samples were stored in the
gelis and Lee, 1994; Karl and Tilbrook, 1994). Only re- dark and analysed later in the GEOMAR (Helmholtz Centre
cently Karl et al. (2008) suggested an aerobicsQibduc-  for Ocean Research Kiel) laboratory directly after the cruise.
tion pathway byTrichodesmiumwhich can use methylphos- It has been shown that storage of DMSO in hydrolysed sam-
phonate as an alternative phosphate source. The degradatipies with gas tight closure does not alter the DMSO con-
products of DMSP (i.e. methanethiol, methylmercaptopropi-centration (Sird et al., 1998). Samples for the analysis of
onate and DMS) have been suggested as important methyoMS and the dissolved fraction of DMSP and DMSO were
lated precursors for marine microbial gidroduction under  gently filtered by using a syringe as described in Zindler et
anoxic conditions (Finster et al., 1992; Tallant and Krzycki, al. (2012). DMS, DMSk and DMSR samples were anal-
1997) as well as oxic conditions (Damm et al., 2010, 2008).ysed by purge and trap coupled to a gas chromatograph-flame
Methanogenic archaea have been identified to have the abiphotometric detector (GC-FPD) on-board immediately after
ity to metabolize DMSP and its degradation products by pro-sampling, as described in Zindler et al. (2012). Two minor
ducing CH, (Kiene et al., 1986; Oremland et al., 1989; van modifications were made: (i) replacement of the previously
der Maarel and Hansen, 1997). Accumulation of ,CHe- used Tenax with trapping in liquid nitrogen, (ii) injection
pendent on DMSP consumption in the surface ocean, hasnto the GC by immersion in hot water. DMS was anal-
been observed under oligotrophic conditions as well as in aysed first in the samples. Afterwards DM$SRas measured
phytoplankton bloom (Damm et al., 2010). out of the same samples by converting DMSP into DMS us-
This study presents measurements of the surface oceang sodium hydroxide (NaOH). DMSRvas analysed from
distributions of DMS, DMSP, DMSO, Cjdand phytoplank-  unfiltered alkaline sub-samples. DM$Ras calculated by
ton pigments in the western Pacific Ocean, an area that isubtracting DMS and DMSPfrom the DMSR value. Af-
considerably undersampled for all of the listed compoundster the DMSP analysis, the alkaline samples were stored
By using statistical methods we investigated (i) the interac-for DMSO measurements back in the lab at GEOMAR.
tions and links between the different sulphur compounds andMSOy and DMSQ were analysed from the same samples
how these might control their distributions, (ii) the role of used for analysing DMSPand DMSR, respectively. DMSO
phytoplankton community composition in determining the was converted into DMS by adding cobalt dosed sodium
surface distributions of the sulphur compounds and (iii) theborohydride (NaBlH) and analysed immediately with the
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Fig. 1. Distribution of(a) DMSO (nmol L™1), (b) total Chla (mg m~3) (HPLC in situ measurements), DMS, and methane (nmd)Land

(c) DMSP (nmol 1) along the cruise track. The middle line in each panel shows the exact position of the cruise track. The dashed lines
show the approximate location of clusters 2 and 4. The order of the colour bars corresponds to the order of the individual coloured cruise
tracks in the figure panels.

same technique as mentioned above. The final DM&D- 2.2 Phytoplankton analysis
ues were calculated by subtracting DM&@om the total
DMSO concentration. The mean errors given as standard de2.2.1  Phytoplankton pigments and group composition
viations of the triplicate measurements, calculated accord- ] ) )
ing to David (1951) were-0.2 nmol Lt (+20 %) for DMS, Water samples for p|gmer1t an_d abso_rpuon analysis were
+0.4nmol -1 (+£23%) for DMSR,, and +0.5 nmol L1 f|lte.red_ on GF/F (glass fibreffilters) filters, shock—frozen
(20 %) for particulate DMSR For DMSQ, and DMSQ in liquid nitrogen, stored.at—80°C and apalyseq in the
a mean analytical error of2.3nmolL-! (+£15%) and AWI (Alfreq Wegener Inst|.tute) laboratory |mm§dlately af-
+0.5nmol L= (+12 %) was determined, respectively. Cali- ter the cruise. Thg analysis of phyto_pla_nkton pigments was
brations using liquid standards were conducted every secongerformed with high performance liquid chromatography
day during the cruise and during the analysis in the lab. ThdHPLC) according to Taylor et al. (2011). Particulate and
precision and accuracy of the system was tested in the laRhYtoPlankton absorption was determined with a dual-beam
prior the cruise as described in Zindler et al. (2012). The en-UV/VIS (ultravioletvisible) spectrophotometer (Cary 4000,
tire analytical system was tested for blanks with carrier gasvarian Inc.) equipped with a 150 mm integrating sphere (ex-
only and together with pure 18®1 Milli-Q water (used for ternal DR'TA‘.\ZQOO’ Varian, Inc. and Labsphere Inc., made by
cleaning and standard preparation) as well as Milli-Q waterSpectralon”) using a quantitative filter pad technique as de-
enriched with sodium hydroxide in order to exclude contam-Scribed in a modified version in Taylor et al. (2011) (for more
ination with environmental DMSO. detalls see also Rottgers and Gehnke, 2012).
Concentrations of dissolved GHvere measured with a  Table 2 in Taylor et al. (2011) summarizes the pigments
static equilibration method as described in detail in Bange e@nalysed in this study and provides the information about
al. (2010). The samples were poisoned with Hg@lq) and which pigments have been allocated as marker pigments for
analysed immediately after the cruise in the GEOMAR labo-the different phytoplankton groups. According to a proce-
ratory. The mean analytical error of dissolved QOHeasure- ~ dure proposed by Vidussi et al. (2001), which was modi-
ments wast17 %. CH, saturations (Sat in %) were roughly fied by Uitz et al. (2006) and most recently by Hirata et
estimated as Sat =100 [GHI[CH2]eq, Where [CHi]eq s the al. (2011),. we estimatgd the contributions of three phyto-
equilibrium concentration (see Wiesenburg and Guinasso JrRlankton size classes (i.e. micro-, nano- and picophytoplank-
1979) calculated with the in situ temperature and salinityton representing the size classes of 20-200 um, 2-20 um and
and a mean atmospheric Gry mole fraction of 1.80 ppm, <2 Hm, respectively) and seven phytoplankton groups based
which was considered to be a representative mean for th€n the measured concentrations of seven diagnostic pigments
western Pacific Ocean during the time of the transit (Terao efDP) to the biomass. The DP, the calculation procedure of
al., 2011). the weighted relationships of these marker pigments and the
determination of their biomasses are described in the Supple-
ment.
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2.2.2 ldentifying phytoplankton assemblages with 1.2] - : ‘ .

hierarchical cluster analysis ,

; ; . 1.0~

In order to identify clusters of phytoplankton community —
composition, an unsupervised hierarchical cluster analysis [
(HCA) according to Torrecilla et al. (2011) was applied. The = 0.8
HCA grouped the individual stations into different clusters E’
according to their phytoplankton pigment compositions. The = ¢ i
results were evaluated with an additional clustering based = I ]
on hyperspectral phytoplankton absorption coefficients (de- ; —
scribed in detail in the Supplement). L
2.3 Statistical analysis 02 ]
Linear regression analysis performed with the statistical | -

. ™ 0.0 L tveen i binn i i iennen b g bine e
computing software by RStudio (R Development Core
Team, 2010ttp://www.rstudio.org/ was used to identify 0.7 T T S chlorophytes T
significant correlations between sulphur compounds as well F e | SR SRR 1

as between sulphur compounds and,CPtior to the regres-
sion analysis, data were tested for Gaussian distribution anc
log-transformed if necessary. Tliestatistic, thep value and

the R? were calculated.

Multiple linear regression models (MLRM) computed
with RStudid ™ were used to identify how the sulphur com-
pounds might influence each other and which phytoplankton
pigments might influence the sulphur compounds (for more
details about the analytical procedure see the Supplement)
The MLRM were performed for the entire north—south tran-
sit and again for the two main sub-regions referred as clus-
ter 2 and cluster 4, which were demarcated according to the
phytoplankton composition (Fig. 1, Sect. 3.1). No statistical
analysis could be performed for cluster 1 and cluster 3 due to
the lack of a sufficient amount of data in these clusters.

group chl-a / tot chl-a [mg/m°]

latitude [°]

Fig. 2. Total Chla concentration of main phytoplankton groups
. . (mg m*3) as derived from major pigment composition (upper
3 Results and discussion panel); ratio of phytoplankton groups divided by the TGhton-

i . centration in correspondence to the latitude sampled (lower panel).
3.1 Phytoplankton community structure in the western

Pacific Ocean

In total, 106 surface stations along the north—south tran-ues, haptophytes contributed significantly to the phytoplank-
sit were measured. Phytoplankton biomass given as toton biomass. Diatoms and chlorophytes only made a signif-
tal chlorophylla (TChl a concentration in mgm®) was icant contribution (between 20 and 30 %) to the biomass in
very low (0.05-0.25mgm?), except for north of 36N the Oyashio Current.

(TChla > 1 mg nm3) where colder waters (16—2C) of the Four phytoplankton-based clusters were identified from
Oyashio Current were observed, in the vicinity of islandsthe HCA analysis of both the normalized pigment concentra-
(which were passed at 4, 8, 10 and®8) and in the re- tions (Fig. 3) and the hyperspectral phytoplankton absorption
gion of the Great Barrier Reef (Fig. 1b). Measured concen-coefficients. The resulting cluster trees are presented in the
trations of marker pigments (e.g. fucoxanthin, see the SupSupplement (Figs. 1, 2, respectively). A high cophenetic in-
plement for full description) and chlorophyll(Chl a) along dex was obtained (i.e. 0.712, see more details in the Supple-
the transit were used to calculate the biomass of the majoment) indicating a good agreement between the cluster trees
phytoplankton groups (Fig. 2). The phytoplankton biomassobtained from the pigment and the absorption data set. The
was generally dominated by picoplankton (sum of biomass ofpartition provided by the absorption data was quite similar to
prochlorophytes and other cyanobacteria), with at least 50 %he partition obtained based on the pigment information. For
contribution by the group of prochlorophytes, except in thethe 106 stations, the ones belonging to the clusters 1, 2 and
Oyashio Current. At the stations with elevated TGhlal- 4 (and identified in yellow, green and red, respectively) were

Biogeosciences, 10, 3293311 2013 www.biogeosciences.net/10/3297/2013/
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as the second largest group. Cluster 4 stations are mainly

A& quster1 e found in waters between 28! and the equator and are char-
W | | “~¢ Dominated by Chl b and acterized by a very low biomass (TChl< 0.15 mg n73).
WNYEL sy j 3 deenceniDVChla 0 Cyanobacteria are dominant in cluster 4 almost exclusively
>~ 32 - KURO NPPF with prochlorophytes and other cyanobacteria contributing
[ equally. The spatial distributions of the cluster 1 reflect the
I biogeographic province Kuroshio Current (KURO) as de-
NPTW fined by Longhurst (1998) while clusters 2 to 4 are dis-
I Cluster 3 tributed throughout the three main provinces North Pacific
0| Cluster 2 S‘szz:zd Chla, Tropical Gyre (We_st) (NI_DTW), West_ern Pacific Wa_rm Pool
2N e | Generally chla, zea ‘ dominating I (WARM) and Archipelagic Deep Basins (ARCH) (Fig. 3).
1 and DVChl a in the

3.2 DMS, DMSP and DMSO concentrations in the
western Pacific Ocean

same proportions
10°N”

Over the entire transit the average surface seawater
(i.e. 5m) concentrations for DMS as well as for dissolved
- DMSP (DMSR) and DMSO (DMSQ) were 0.9, 1.6 and
4.4nmol L1, respectively. The average values for partic-
ulate DMSP (DMSE) and DMSO (DMSQ) were 2 and
11.5nmol -1, respectively (Table 1). Highest concentra-
tions for all sulphur compounds were measured when ap-
proaching the coasts of Japan and Australia (Fig. 1). The

| Clustera

r Strong dominance concentrations measured during this cruise were lower than
20°81 of Zea the average surface measurements of DMS (1.8 nmb),L
, DMSP; (5.9 nmol L~1), and DMSR (16.2 nmol 1) based

R o 7 o = - e e 0 on data collected between 1987 and 2004 in the upper 6 m

of the western Pacific Ocean (data retrieved from the Global
Fig. 3. Distribution of clusters among pigment stations with the Surface Seawater DMS Databak#p://saga.pmel.noaa.gov/
Longhurst provinces shown underneath. Yellow indicates cluster 1dmg. The climatology of DMS concentrations published by
(circles), green is cluster 2 (triangles), blue is cluster 3 (squares)Lana et al. (2011) shows a lack of October data from the
and red is cluster 4 (diamonds). tropical western Pacific (i.e. Longhurst provinces NPTW and

WARM, see Fig. 3). For the Longhurst provinces KURO,

ARCH and AUSE (East Australian Coastal; see Fig. 3) the

mainly clustered separately but with some salient exception&€an October concentrations of DMS of the climatological

icti i ~ ~ -1 -
as seen for instance for stations: 27, 41, 44-48, 52, 53, gPredictions are given as 1, ~5 and~ 4 nmol L™, respec:
and 100. On the contrary, stations belonging to the cluster 3Vely (Lana etal., 2011). The differences between the clima-

(in blue) were not grouped separately and therefore assignefp!cdical data and the data from our cruise might be caused
to other clusters. by interannual variability and a general mismatch between

The stations located in the Oyashio Current (north ofclimatological means and in situ data. The increased DMS

36° N) belong to cluster 1, which is characterized by high concentrations found off the Australian coast are in agree-
phytoplankton biomass (T,Clazl ~1 mg n3) and a domi- ment with the previous finding that the Great Barrier Reef is

nance of eukaryotic algae (mainly chlorophytes and hapto® site of enhanced production of DMS (Fischer and Jones,

phytes, and a smaller contribution from diatoms) and an ab2012).

sence of prochlorophytes. The majority of the stations belong 1€ PMSO concentrations presented here are in agree-
to cluster 2 with low TChk (0.05-0.3 mg m3). Cyanobac- ment with the few published measurements of DMSO from

teria are dominant in cluster 2, with prochlorophytes con-th€ open Pacific Ocean, which range from 4 to 20 nmoiL

tributing more than other cyanobacteria. Cluster 2 stations"d DMSO measurements from the coastal areas of the Pa-
are mainly found between 36 and°28 (associated with the  Cific Ocean, which can reach values of up to 181 nmoi L
Kuroshio Current waters) as well as south of the equatorS€€ Overview in Hatton et al., 2005).

(Fig. 3). Cluster 3 stations were found between 36 arfd\25

(the Kuroshio Current) and south of°18. They are mingled

with cluster 2 stations. At cluster 3 stations waters are ele-

vated in TChk (0.4-0.6 mg m3) and cyanobacteria, mainly

prochlorophytes, are dominant. Haptophytes were identified

www.biogeosciences.net/10/3297/2013/ Biogeosciences, 10, 3322013
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Table 1. DMS, DMSP and DMSO (nmoltl) and TChla (mg m‘3) concentrations as well as DMS, DMSP and DMSO versus TChl
(nmol mg1) for the entire transit and for clusters 2 and 4. The errors giveh jmesent standard deviations calculated according to David
(1951). TChla errors were 2 %.

DMS DMSPy DMSR, DMSR DMSOy DMSOy DMSOy TChla
average average average average average average average average
range range range range range range range range
transit  0.88:0.2 1.57+0.4 2.04£0.5 4.0140.7 442405 11.46+2.3 15.50+ 2.3 0.21
0.26-2.85 0.22-6.54 0.03-7.53 1.22-15.07 1.81-8.06 1.12-72.05 3.07-76.49 0.05-1.11
cluster2 0.78:0.1 1.38£0.4 2.32£0.5 4.12+0.6 4.54+0.5 10.74+ 1.2 14.74+ 1.9 0.18
0.26-1.25 0.54-2.57 0.03-7.53 1.22-8.73 1.81-7.82 2.01-22.5 3.07-25 0.08-0.38
cluster4 0.99:0.3 1.10£0.3 1.08£0.4 2.81+0.5 4.26+0.5 8.11:£1.0 1211 1.5 0.08
0.5-2.85 0.22-1.83 0.05-2.67 1.48-5.04 2.5-6.13 1.12-16.88 4.18-20.71 0.05-1.11
DMS:TChla DMSPy:TChla DMSP,:TChla DMSR:TChla DMSOq:TChla DMSQOp:TChla DMSQ;: TChla
transit  7.54 10.72 12.39 27.65 35.84 74.92 108.53
1.01-39.48  2.12-44.83 0.12-52.44 2.88-60.85 3.59-104.79 8.92-215.98 13.99-237.26
cluster2 5.08 8.57 13.62 24.97 29.42 62.99 89.46
1.47-16.08  2.45-19.31 0.12-52.44 6.68-60.85 8.1-69.59 14.7-128.34 13.99-154.67
cluster4 14.00 15.20 13.65 38.14 60.18 112.70 169.70
5.96-39.48  3.27-24.26 0.61-24.78 20.22-58.24 24.35-104.79 8.92-215.98 33.27-237.26
3.3 Linear regressions between sulphur compounds intermediate of the transformation of DMGB DMSO, is
rapidly oxidised.

In this section and those that follow, correlations (linear re-
gressions and multiple linear regressions) between sulphu$-4 Relationship between sea surface temperature and
compounds, phytoplankton pigments and methane are de-  DMSP, :DMSOy, ratio
scribed. We are aware that correlations do not necessarily
indicate causal relationships. However, they do illustrate in-A negative correlation between sea surface temperature
teractions between the tested parameters, which hint at whe6ST) and the DMSE. DMSQG, ratio was found by Sid
further investigation may be fruitful. Therefore, we describe and Vila-Costa (2006a) based on a compilation of data from
the significant correlations found and propose explanationvarious oceanic regions (mainly from the North Atlantic
for the possible relationships. These explanations are baseficean and its adjacent marginal seas). On the basis of the
on the current knowledge of the marine sulphur cycle anddata listed in Sira and Vila-Costa (2006a), we recalcu-
proof for these hypotheses requires further investigation.  lated mean DMSP:. DMSQ, ratios as well as mean SST
We found a positive correlation between DMS&8d  for the various campaigns. In addition, we added other data:
DMSQ; (R2=0.47,n=104, p = <0.001, Fig. 4) as well as from the East China Sea (ratio: 0.27, 17C) (Yang and
DMSP, and DMSQ (R?=0.41,n=85,p=<0.001, Fig. 4).  Yang, 2011), the northern Baffin Bay (ratio: 0.20, estimated
This is in agreement with the finding of Sinand Vila-Costa  0°C) (Bouillon et al., 2002), the average DMSPMSO,
(2006b) who also reported a correlation between D& ratio (0.22+0.27) and the average SST (28:2.7°C)
DMSG, and concluded that both compounds have the sameomputed from the measurements during the transit pre-
source, hamely phytoplankton. A strong link between thesented here (Fig. 5). In agreement with Sirand Vila-
DMSP and DMSO pool were also found in several studiesCosta (2006a) we found a significant negative linear cor-
elsewhere (Lee and De Mora, 1999 and references thereinjelation between DMSP DMSQ, ratios and SST for the
They referred to a possible direct biosynthesis of DMSO intemperature range 5-28 (R2=0.61). Moreover, a positive
algae cells and doubt DMS oxidation as the sole source otorrelation ®2=0.67) was also visible in the SST range,
DMSO in the ocean. < 10°C, indicating that there seems to be a maximum of
No correlation was found between DMS and DMSO, DMSR, : DMSQ; ratios at approximately 5-F@. This is in
which is in contrast to the finding by Hatton et al. (1999, line with the observations that blooms of coccolithophorids
2005) who attributed the correlation to photochemical and/or(major DMSP producers; Sio 2001) usually occur in high
bacterial oxidation of DMS to DMSO in the water column (subpolar) latitudes at SST around® (3-15°C) (lglesias-
(Hatton, 2002). However, the oxidation of DMS as a sourceRodriguez et al., 2002).
for DMSO in the western Pacific Ocean cannot be excluded: Our findings are in line with the argumentation of $im
a significant positive correlation was found between DMISP and Vila-Costa (2006a) who proposed that (i) in warm waters
and DMSQ (R?>=0.35,n=102, p=<0.001, Fig. 4) as DMSO enriched nano- and picoplankton are dominating the
well as between DMSPand DMSQ (R?=0.33, 1 =105, phytoplankton community (indeed we found that nano- and
p=<0.001, Fig. 4) which may suggest that DMS, as an picoplankton were dominant during the transit, see Sect. 3.1),
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Fig. 4. Left panel: linear regression between DMS&hd DMSQ: y = 6.66x + 5.06, R2=0.33, p value: 1.414e10, F statistic: 50.86,
n =105, and between DMGFRand DMSQ: R?=0.35,y = 6.41x + 1.42, p value: 6.493e1, F statistic: 53.53p = 102, both regressions
for the entire data set. Right panel: linear regression between RSP DMSQ: y = 2.84x + 4.28, R2=0.47,p value: 9.613 &16,
F statistic: 90.87; = 104 and between DM$Fand DMSQ, y = 2.84x + 5.68, R = 0.41, p value: 5.84981%, F statistic: 56.54 = 85,
both regressions for the entire data set.

biomass and were mainly dominated by cyanobacteria like
prochlorophytes, which are not known to be DMSP produc-

g ers (Keller et al., 1989). This resulted in low DMS and DMSP
z concentrations (see Sect. 3.2, Fig. 1). In the following sec-
g‘ tions we discuss the main results of the MLRM (see Table 2).
a The complete MLRM results are given in the Supplement
g (Table 1).
E

3.5.1 DMS

Over the entire transit, the DMS concentration is influenced
sST[°C] by the DMSR and DMSQ distribution (R2 =0.32, Table 2,

_ _ _ _ a). It is possible that the DMS concentration was coupled to
Fig. 5. Average DMSR: DMSQp ratios vs SST. Mean ratios forin- - particulate DMSP and DMSO through the antioxidation sys-
dividual campaigns are recalculated from the data listed in0Sim am in algae cells (Sunda et al., 2002). It is most likely that in
and Vila-Costa (2006a). We added data points consisting of they, o 4nical waters of the western Pacific Ocean the radiative

mean DMSRB:DMSQ, and SST (given in parenthesis) from the .
East China Sea (0.27, 17.€) (Yang and Yang, 2011), the north- stress on phytoplankton was enhanced. Furthermore, Spiese

ern Baffin Bay (0.20, estimated°C) (Bouillon et al., 2002) and etal. (2009) suggested that the ab,i”ty of marir?e phytople.mk-
the western Pacific Ocean (0.22, B (this study). The linear (0N to reduce DMSO to DMS is ubiquitous. This mechanism

correlations arey = —0.445 +12.96 (R%=0.61, open circles) and Might be an additional explanation for the link between DMS

y =1.312¢ +1.44 (R2=0.67, solid circles). and DMSO in the western Pacific Ocean. Within the clusters
2 and 4 all sulphur compounds have an influence on the DMS
pool (Table 1, Supplement).

and (i) high SST could be associated with surface waters re:
ceiving a high solar radiation dose, which triggers a cascad

reaction system, including enhanced DMSO production, as % link between DMSR and the DMSO pool during the en-
response to nutrient limitation and oxidative stress (Sunda €f;.o transit could be foundR?=0.32, Table 2, d). A similar

al., 2002). source for both compounds in certain algae species might
explain the link between these compounds. The MLRM
showed, especially in the clusters 2 and 4, that all sulphur
compounds correlated with the DMgPpool (Table 1, Sup-

. . o . . plement). This is in line with several studies that referred to
In order to find further statistically significant interactions be- 4 o t4<¢ cycling, within a few hours, between the different

tween the different sulphur compounds, MLRM were used'sulphur compounds (Sin 2004; Stefels et al., 2007).
The MLRM calculations were performed either with the en- ' ' '

tire data set or with a subset of cluster 2 and cluster 4 data,
respectively. Both clusters 2 and 4 were characterized by low

5.2 DMSP

3.5 Interactions between sulphur compounds explained
by multiple linear regression models (MLRM)
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Table 2. Significant multiple linear regressions between DMS, In cluster 2, DMSQ seemed to be dependent only on the
DMSP and DMSO (d =dissolved, p=particulate, t=total) for the DMSP pool (R2 =0.28, Table 2, j), while in cluster 4, DM%P
entire data set and within the clusters 2 and 4. Single coefficientgnd DMSQ were significant contributorsR(2=0.35, Ta-
andp values of each multiple linear regression model as welds  ple 2, k). Furthermore, DMSgpwas directly dependent on
F statistic andp value of each entire model are given. The response MSPy/, (R2 =0.43, Table 2, I) over the entire transit and in

variable is given under the model number. The independent variabI(?he region of cluster 4K?=0.46, Table 2, n) comparable to
squared shows a quadratic relationship to the response variable. T MSOq o ,

complete output of all models is given in the Supplement (the data . L . . .
presented here is extracted from Table 1 in the Supplement). These findings are in line with th‘? direct porrelgtlons (se(.a
Sect. 3.3) and confirm the assumption of direct biosynthesis

model single » R2,F st of DMSO in the phytoplanktor) and the possible same source
no. coefficients value p value (e.m.) of DMSQp and DMSR in certain algae taxa. Due to the abil-
ity of DMSO to permeate easily through membranes, a cou-

a DMSPp 2.36<107° 0.32 pling of DMSQy and DMSQ seems reasonable. The produc-

DMS DMSOp 1491077  24.57 tion of DMSQ, from DMSPy may be explained by bacteria

e.d.s. 1.83 1079 that are attached to particles and use DM&® a substrate.

d DMSOp'2 1.14x10~7 0.32 The statistical analysis underlines the importance of DMSO

DMSPd DMSOd'2 0.02 16.22 for the sulphur cycle and the tight coupling especially be-

e.ds. DMSPp:DMSOp  3.2710~% 1.084x 108 tween DMSO and DMSP.

:DMSOd DDTA\?“DS g:f;x 10-5 896159 3.6 Influence_: of_ phytoplgnkton on the DMS, DMSP and

eds. DMSP2 0.03 7 26¢ 10-5 DMSO distributions in surface seawater

i DMSPp 0.03 0.28 Linear positive correlations between TGhland DMSQ,

DMSOd  DMSPd 0.01 4.82 DMSQ;, DMSPy as well as DMSP were found for the en-

cluster2  DMSPp2 0.05 0.002 tire data setR?=0.25,n=94; R>=0.22,n=96; R?=0.29,
DMSPp:DMSPd  0.005 n=99; and R?=0.23,n =87, for all p=<0.001, respec-

k DMSPp 0.001 0.35 tively). These correlations were somewhat weak, which may

DMSOd DMSOp 0.004 4.59 result from a dependency on certain algae taxon and not

cluster4 DMSPp:DMSOp  0.002 0.01 on phytoplankton in general for both DMSP and DMSO. In

I DMSPd 561x 10-7 0.43 contrast, Lee et al. (1999b) found a negative correlation be-

DMSOp DMSPp 6.7%10-8 36.53 tween DMSQ@ and Chlz in a Canadian fjord. They explained

e.d.s. 1.49¢ 10-12 this observation with an increase in photosynthetic activity

and, therefore, an increase in free radicals that reacted with

n DMS 0.06 046 DMSO. However, the correlations found in the fjord were
DMSOp  DMSPd 0.05 7.23 dependent on temporal variability and on the nano- to pi-
cluster4 DMSPp 126104 0.001 P P y P

coplankton fraction, in contrast to the general correlations
Abbr.: st.: statistic; e.m.: entire model; e.d.s.: entire data set; a-m: numberofmodeISpresented in this section. Thus, more detailed correlations
between phytoplankton and DMSO in the western Pacific
Ocean might shed more light on the possible relationships
(see Sect. 3.6.3).

3.5.3 DMSO

The MLRM showed that DMSPand DMS influenced the

DMSQyq pool during the entire transitkR?=0.19, Table 2, 3.6.1 DMS and phytoplankton groups
i). It is most likely that DMSQ is directly produced due to
the oxidation of DMS in the water column (Hatton et al.,
2005). DMSR might be used by free living bacteria in the
water column as a substrate to produce DMSO. Additionally,
DMSPy could be converted to DMS by bacteria, which can
contribute to the DMS pool. However, these processes migh
be of minor importance because it only explains 19 % of the
DMSOQy distribution. Thus, other factors are probably more . o
important for the DMS@ concentration, such as direct syn- atoms)), dinoflagellates (peridinin), cryptophytes (alloxan-

thesis in algae cells and release into the water cqumné(Simthin)’ haptophytes (Ighexanoylo.x yfucoxa}nthin), chryso-.
et al., 1998), and photo-oxidation of DMS to DMSO (Hatton phytes (19butanoyloxyfucoxanthin), prasinophytes (prasi-
et al ' 1996), noxanthin), chlorophytes (violaxanthin), cromophytes (an-

threaxanthin) and cyanobacteria (zeaxanthin). Chlorophyll

The influence of a variety of phytoplankton groups on
the different sulphur compounds for the entire transit and
within the clusters 2 and 4 were also tested by using
the MLRM. The following phytoplankton groups were
ested (characteristic marker pigments are given in paren-
thesis): diatoms (fucoxanthin (main indicator for diatoms),
diatoxanthin, diadinoxanthin (both unspecific, mainly di-
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pigments were not used for the calculations due to their ocinant in the main part of the western Pacific Ocean transit
currence in all phytoplankton groups. and were mainly responsible for the TGhiconcentration,
The model showed that algae groups played a minor rolevhich showed a weak correlation with DMSP. In addition,
for the DMS distribution over the entire transit. Only in clus- some specialized diatom species in the Pacific Ocean may
ter 2, diatoms, haptophytes and dinoflagellates were testedlso be able to produce a sizable amount of DMSP. Keller
significantly for DMS ®?=0.32, Table 3, a). Brgermeister et al. (1989) showed that certain species of diatoms can be
etal. (1990) and Merzouk et al. (2008) found increased DMSsignificant for the DMSP pool.
concentrations caused by diatoms in the Atlantic Ocean. Ad-
ditionally, it is well known that elevated abundances of hap-3.6.3 DMSO and phytoplankton groups
tophytes and dinoflagellates are responsible for enhanced
DMS concentrations. Additionally, all these algae groupsDiatoms, haptophytes and chrysophytes correlated signifi-
were identified as important contributors to the DMP  cantly with DMSQy (R?=0.42, Table 3, i). In cluster 2, di-
pool with the MLRM in this study (see below), which in- noflagellates, diatoms and chrysophytes were the most im-
dicated that DMS was probably only indirectly dependent onportant pigments for the DMS{as well as for the DMS@
these algae via bacteria. This finding is in line with Yoch distribution (RZ:O.45, Table 3, j;R2:0.84, Table 3, |,
(2002), Kiene et al. (2000) and Sifler et al. (2010), report- respectively). Furthermore, diatoms, cyanobacteria and di-
ing that DMS is mainly controlled by the activity of bacte- noflagellates seemed to influence the DMSIBtribution for
rioplankton. It might be possible that DMS was rapidly con- the entire data seR€ =0.54, Table 3, k). In cluster 4 no sig-
verted into DMSO by bacteria that used DMS as an energynificant correlations could be found.
source (Boden et al., 2011; Green et al., 2011). This fast con- For DMSP and DMSO the same algae groups were iden-
version could explain the low DMS concentrations and thetified as important sulphur producers but in different compo-
lack of correlations between algae and DMS along the westsitions dependent on the sulphur compound and the region.

ern Pacific Ocean transit. Field measurements conducted by Lee et al. (1999b) and cul-
ture experiments with dinoflagellates and haptophytes that
3.6.2 DMSP and phytoplankton groups showed high DMS@ production (Sind et al., 1998) sug-

gested that DMS@might be produced by a broad range of

Over the entire transit, the main phytoplankton groupsphytoplankton comparable to that of DMSP producing al-
that influenced the DMSHdistribution were dinoflagellates, gae groups. The authors did not exclude that other species,
chrysophytes, and cyanobacteria; although cyanobacteria arghich are not known as DMSP producers, might also be re-
not considered to be important DMSP producers (Keller etsponsible for a significant amount of DMSO. In this study,
al., 1989). In contrast, diatoms appear to be the most imporwe also found that DMS@correlated with phytoplankton
tant algae group in cluster 2 both for DMSBnd DMSR pigments of known DMSP producers. However, the pigment
(R2=0.61, Table 3, cR2=0.73, Table 3, e; respectively). analysis did not show direct correlations between DMSO

Dinoflagellates, chrysophytes, and diatoms appeared tand pigments from non-DMSP producing phytoplankton.
be the most important contributors to the DMSPool Cryptophytes, prasinophytes, chlorophytes and cromophytes
(R?=0.37, Table 3, d) for the entire transit. In cluster showed no or negligible influence on the distribution of all
4 no pigment was found that contributed significantly to tested sulphur species in the western Pacific.
DMSPy/p. Only a few correlations were found in cluster 4 compared

Belviso et al. (2001) showed a clear relationship betweerto cluster 2 and the entire transit. Cluster 4 included mainly
DMSP, and haptophytes as well as chrysophytes with overthe oligotrophic warm waters of the western Pacific Ocean
200 samples from different regions (Atlantic Ocean, Mediter-dominated by cyanobacteria. The distribution pattern of phy-
ranean Sea and Southern Ocean) by using linear regressiotaplankton is similar to cluster 2. However, cluster 4 was dif-
Although haptophytes were only important for DM ferent from other clusters by its particularly low biomass, as
cluster 2 chrysophytes were identified as an important alwell as the lowest sulphur concentrations of the entire tran-
gae group for all DMSP pools in this study. Dinoflagellates sit (Fig. 1). It seems that the very low biomass was the main
were identified as producers for all DMSP pools in the Pa-factor governing the concentrations of sulphur in this region,
cific Ocean, which is in agreement with findings in other with a minor influence of the algae composition. Thus, large
marine regions (Keller et al., 1989; Stefels, 2000; Steinkeregions in the subtropical and tropical western North Pacific
et al., 2002). Surprisingly, diatoms and cyanobacteria in-Ocean did not have a highly dynamic sulphur cycle in the
fluenced DMSP, although these algae groups are generallgurface ocean during the transit in October 2009.
thought to be minor DMSP producers (Keller et al., 1989).
The cyanobacteria and diatoms were distributed in similar3.7 Sulphur compounds as precursors for methane
patterns to the DMSP producing taxa, possibly causing the
model to identify them as contributors to the DMSP pool. The CH; concentrations (corresponding saturations are given
It should also be considered that cyanobacteria were domin parenthesis) during the cruise were in the range from
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Table 3. Significant multiple linear regressions between DMS, DMSP and DMSO (d = dissolved, p = particulate, t =total) and phytoplankton
marker pigments for the entire data set and within the clusters 2 and 4. Single coefficieptvands of each multiple linear regression

model as well aRR?, F statistic andp value of each entire model are given. The response variable is given under the model number. The
independent variable squared shows a quadratic relationship to the response variable. The complete output of all models is given in the
Supplement (the data presented here is extracted from Table 2 in the Supplement).

model  single p R?, F st model  single p R?, F st

no. coefficients value p value (e.m.) no. coefficients value p value (e.m.)

a fuco 0.004 0.32 i diato 0.03 0.42

DMS hex 0.01 3.66 DMSOd hé@ 1.11x 1004  7.55

cluster2 peri2 0.003 0.005 e.d.s. blip 9.68x 107°> 1.65x 10~/

b but 1.01x 107> 0.44 j peri 1.24x 107> 0.45

DMSPd  peri 2.96¢ 1074 11.34 DMSOd dia 43%10°2 10.1

e.d.s. zea 2.0410°6 2.36x10°° cluster2  but 8.6k 1073 4.81x 1076

[ fuco 0.01 0.61 k fuco 6.8810°% 0.54

DMSPd  diato 0.01 5.93 DMSOp diato 1.891073 9.18

cluster2  but2 1.91x 103 1.15x 10> e.d.s. zea 176106 8.46x 10710

peri*2 1.50x 10~

d peri 9.88x 1073 0.37

DMSPp  but 9.23<10™° 9.3 | peri 7.63< 1073 0.84

e.d.s. fuco 0.05 5.0% 108 DMSOp diato 3.56¢ 1073 12.98
cluster2  but 0.04 1.98 109

e fuco 2321074 0.73

DMSPp  diato 2461073 11.94

cluster2 zea 532104 4.02x 1078

hex 3.51x 1072

Abbr.: st.: statistic; e.m.: entire model; e.d.s.: entire data set; fuco: fucoxanthin; Hexexnoyloxyfucoxanthin, peri: peridinin, diato: diatoxanthin,dia:
diadinoxanthin, diato: diatoxanthin, but:"#8utanoyloxyfucoxanthin;zea: zeaxanthin.

1.8 to 4.8 nmol 1 (91-218 %) with an average-étandard  rent waters were measured in the coastal waters off Honshu
deviation) of 2.5£0.8nmol Lt (1274 32%). The high-  further south. Moreover, Bates et al. (1996) reported; CH
est CH; concentrations (3.8—4.8 nmoti; 159-218 %) were  concentrations between 1.6 and 3.6 nmot lfor a series of
measured at the beginning of the cruise in the cold wa-five latitudinal transects in the Pacific Ocean.

ters of the Oyashio Current (north of 38), followed by We found a significant positive correlation between T&hl

a decrease in Cfconcentrations of 2.8-1.8 nmotf (142— and CH, surface concentrationsk€=0.69, p = < 0.001,

96 %) after crossing the warm Kuroshio Current was crossed: = 36, Fig. 6). There are only a few other studies that report
(between 36 and 2MN). The lowest Cl{ concentrations a correlation between Cldl and CH; (Owens et al., 1991;
(2.00.2nmol L"1; 104411 %) were measured between Damm et al., 2008). Watanabe et al. (1995) found a general
the equator and 28\ and, thus, they were roughly associated trend but no significant correlation along 2@ Since the
with cluster 4 (see Sect. 3.1). The averages@dncentra- majority of the studies did not find a correlation between
tions between the equator and®®was 2.4t 0.5 nmol L1 Chl ¢ and CH, and direct evidence from lab experiments
(1274 26 %). Thus we conclude that during the transit the with (axenic) algae cultures has not been published yet, it
ocean was an overall weak net source of,(H the at-  is widely accepted that the accumulation of Okl the upper
mosphere. Comparable mean surfacesQldncentrations open ocean is not related to a direct production by algae.

of 2.5+0.3nmolL"! and 2.2£ 0.02 nmol -1 were mea- In our study, significant positive linear correlations were
sured along 165E between 40N and 5S and in the found between DMS@and CH (R2=0.37, p=<0.001,
Kuroshio Current waters (27-30l, 133—-142E), respec- n=31) and DMSQ® and CH, (R2=0.42, p=<0.001,
tively, by Watanabe et al. (1995). Rehder and Suess (2001) = 33), as well as between DM$Rnd CH; (R2=0.57,
measured Chisurface concentrations in the range from 2.5 p=<0.001, n=35) for the entire north—south transit
to 5nmol L1 between 38.6 and 4N in the Tsugaro Cur-  (Fig. 7). Additionally, we found a good correlation between
rent outflow/Oyashio Current mixing region with a decreaseCH, and the marker pigment for chrysophyce®2 € 0.76,

in CH,4 concentrations to 2.3 nmoH! when Kuroshio Cur-  p=<0.001, =36, Fig. 6), which are known as DMSP
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Fig. 6. Linear regression between TChl and methane y(= Fig. 7. Relationship between the sulphur compounds (DMSP

0.0027 + 1.82, R2=0.69, F statistic: 63, value<0.001,,=36,  DMSQp DMSQ; (nmol L~1)) and methane (nmolt) in the sur-
open diamonds) and between chrysophytes (indicated by markefiace water of the north—south transit in the western Pacific Ocean.
pigments 18 butanoyloxyfucoxanthin, upper x-axis) and methane DMSPy vs meth7aney = 0.55r+1.54, R2=0.57,F statistic: 43.08,

(y = 0.044x + 1.92, R2=0.76, F statistic: 80,p value: <0.001,  p value: 1.85e ', n=36; DMSQ, vs methaney = 0.06x + 1.72,

n =36, solid circles). R2= 0.37, F statistic: 17.25p value: 2.648% n=31; DMSQ vs
methaneiy = 0.06x + 1.48, R2= 0.42, F statistic: 22.49p value:
4.5e-05572=33.

producers (Belviso et al., 2001) and which were correlated
with DMSP4 and DMSQ in our study (see Sects. 3.6.2 and
3.6.3). Therefore, we conclude that algae derived DMSP andncreasing CH concentrations when DM$Boncentrations
DMSO might be considered as possible precursors fof CH were > 5nmol L~ but could see no effect on the Gldon-
production in the western Pacific Ocean. However, furthercentrations when DMSHevels were< 5 nmol L1 In our
direct evidence is necessary to support this suggestion. study, however, a correlation between DMSd CH, was
Damm et al. (2008) showed a significant negative cor-found although the concentrations for both compounds were
relation between DMSPand CH, (R2=0.55) in the sur- much lower. This reflects less intensive biological activity,
face waters of an Arctic shelf region (Storfjorden, Svalbardperhaps due to different assemblages of bacterioplankton,
Archipelago), which is in contrast to the positive correlation physiological stages of the bacteria and/or nutrient limitation
with DMSPy found in our study. Moreover, we could not and oxidative stress compared to Storfjorden.
find any correlation between DM$Rnd CH, in our data A negative correlation between GHand DMSR was
from the western Pacific Ocean. Thus, there are obvious difalso found in phosphate enriched, but nitrate depleted, olig-
ferences between the results from the Storfjorden and thetrophic Arctic Ocean waters originating from the Pacific
western Pacific Ocean (despite the fact that the conclusion®cean. This indicates that GHoroduction from DMSP
are the same): the algal community in the western Pacifiddegradation products in oligotrophic Arctic waters is mainly
Ocean during our cruise was very likely suffering from con- dependent on the availability of phosphate (Damm et al.,
tinuous oxidative stress and nutrient limitation, which could 2010). Despite the fact that nutrient data are not avail-
have led to a continuous production of DMS@unda etal., able for the TransBrom cruise, it is reasonable to as-
2002), and thus, DMSP This, in turn, implies a continu- sume that the surface waters in the western tropical Pa-
ous formation of CH from DMSRy via the demethylation cific Ocean during TransBrom were depleted in both phos-
of methyl-mercaptoprpionate (MMPA) to mercaptoprpionate phate and nitrate (see e.g. World Ocean Atlas of the National
(MPA) and methane due to methanogenic archaea (van ddbceanographic Data Centeihttp://www.nodc.noaa.gov/
Maarel and Hansen, 1997) and may explain the positive corOC5/SELECT/woaselect/woaselect.htmiThus, the CH
relation between the DMSRand CHy. In contrast, a bloom  production from DMSP degradation products in the western
situation was encountered in the Storfjorden, which impliesPacific Ocean seems to be derived from a different mecha-
that the algae did not suffer from oxidative stress and/or nu-nism than the one found in Arctic waters.
trient limitation and therefore a continuous production of In a microcosm experiment conducted in the central Arc-
DMSP was not necessary. The negative correlation found irtic, three main proteobacteria groups were identified as pos-
Storfjorden might have been caused by the fact that @&l  sible CH; producers, which seemed to have produced, CH
been produced from intermediates resulting from a DMSP(indirectly) by degradation of DMSP (Damm et al., 2010):
pool that was not replenished at the time of the bloom. Addi-Rhodobacter Sulfitobacter(both in the family Rhodobac-
tionally, it should be noted that Damm et al. (2008) observedteraceae) andMesorhizobiumtypes. It is noteworthy that
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bacteria of Rhodobacteraceae are widespread in the oligthe tropical western Pacific Ocean led to enhanced DMSO

otrophic oceans and have genes that metabolize DMSPRroduction.

(Moran et al., 2003, 2007, 2012). Therefore, we think it is DMSPy and DMSQy; were positively correlated with CH

possible that these bacteria groups could have been respoduring the entire north—south transit, although the concentra-

sible for the CH production along the north—south transit in tions of both sulphur compounds and £Were low. We con-

the Pacific Ocean. However, this needs to be proven directlelude that DMSP could be considered as a potential precur-

by conducting experiments with these bacteria groups in latsor for CH, production in the surface waters of the western
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ton et al., 2005; Spiese et al., 2009), which, in turn, may actvironments.
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