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The fate of DMSP produced by phytoplankton cultures incubated with and without

copepods of the species Eurytemora affinis was monitored to  investigate the influence of

zooplankton grazing activity on the release of dissolved DMSP and DMS. Processes related

to the flux of DMSP through (sloppy) feeding, gut passage, faecal pellet formation and

faecal pellet stability were studied.It appeared that with the phytoplankton species used

(Phaeodactylum tricornutum and Thalassiosira weissflogii), no increase in DMS formation

was detected during grazing but the release of dissolved DMSP increased slightly.

Depending on the phytoplankton species, minor or no loss in DMSP was observed during

passage trough the copepod guts. Almost all DMSP ingested leaves the copepods in the

form of faecal pellets, a possible sink for DMSP. Based on the experimental results the

relative importance of the zooplankton related removal of DMSP was quantified and found

to be minor with respect to DMS and DMSP production by phytoplankton. The main effect

of the zooplankton grazing activity was the repackaging of DMSP present in phytoplankton

cells into faecal pellets.

INTRODUCTION
DMSP (b-dimethylsulphoniopropionate), a compound suspected to be involved in the

osmoregulation of certain algal species (Gröne & Kirst 1992) is the main precursor of

dimethylsulphide (DMS). The conversion of DMSP may be influenced by algal senescence,

bacterial activity, phytoplanktonic enzymes and zooplankton grazing (Dacey & Wakeham

1986, Nguyen et al. 1988, Belviso et al. 1990, Kiene & Service 1991, Wolfe & Kiene 1993,

Kwint & Kramer 1995). Some of the DMS may be ventilated into the atmosphere, where

it can contribute to the formation of cloud-condensation-nuclei, which influence cloud

albedo and climate (Malin et al. 1992). 

Of the various routes and processes involved in the transformation of DMSP relatively little

is known about the role of zooplankton (Leck et al. 1990, Kiene & Service 1991, Belviso

et al. 1992, Kwint et al. 1992). Dacey and Wakeham (1986) found that about one third of

the Gymnodinium nelsoni and Prorocentrum micans derived DMSP ingested by the copepod

species Labidocera aestiva or by Centropages hamatus was released as DMS into the water

column of cultures. Leck et al. (1990) found, when following a natural phytoplankton

bloom in the Baltic Sea, that copepod numbers were correlated to DMS concentrations,

without specifying cause-effect relations or quantifying the role of zooplankton. Belviso et

al. (1990, 1993) studied the role of micro/nano- zooplankton using different mesh sizes

and sieving procedures; they concluded that significant amounts of DMSP could be

temporarily stored by microzooplanktonic predators. The same group used sediment traps

in the Mediterranean and found that differences between day and night occurred in DMSP

concentrations in the deposited material (Belviso et al. 1992). They attributed this to the

diurnal rhythm in the vertical migration of the zooplankton. Wolfe et al. (1994) found

that the dinoflagellate Oxyrrhis marina metabolized up to 70 % of the DMSP ingested
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without DMS production, while the rest was released as dissolved DMSP. 

In a previous mesocosm study we investigated the importance of zooplankton in DMS

formation and found little difference in mesocosms with and without zooplankton > 50

µm (Kwint et al. 1992, Kwint & Kramer 1995). Because mesocosm experiments shorten

the time of a phytoplankton bloom it may have been possible that the growth of the copepod

zooplankton may have been too slow to reveal interactions between phytoplankton and

copepods. Some additional evidence has been found in field surveys which suggest that

zooplankton grazing activity may be an important factor in the production of DMS

(Tokunaga et al. 1977, Leck et al. 1990, Levasseur et al. 1994), but these studies never

quantified the role of zooplankton in the DMSP dynamics. 

Despite these discussions, most processes related to the flux of DMSP, notably sloppy

feeding, ingestion of phytoplankton, the passage through the gut, the production of faecal

pellets and the stability of the faecal pellets with respect to DMSP have not been studied

in detail.

By analyzing all compartments for the DMSP-related sulphur species: dissolved and

particulate DMSP (DMSPd, DMSPp), DMSP inside the copepods (DMSPz), DMSP contained

in faecal pellets (DMSPf), and the DMS in the water column, the final aim is to obtain a

complete budget of DMSP through the zooplankton linked part of the system. In this paper

we describe a series of experiments performed under laboratory conditions that aim at the

description of the routes in a quantitative and qualitative sense. 

After an investigation of the individual variation between copepods, including the effect

of sex, incubation experiments will be described where the kinetics of uptake and excretion

(gut passage time), faecal pellet production and DMSP stability in the faecal pellets were

monitored. 

MATERIAL AND METHODS
Phyto- and Zooplankton cultures 

Stock cultures of copepods Eurytemora affinis were grown in filtered natural seawater

(volume about 80 l) on a suspension of the diatom Phaeodactylum tricornutum and at

15 °C, a salinity of 28.5 ‰ and a light cycle of 14 h light, 10 h dark. Only individuals

of the size class > 300 µm (adults only) obtained through sieving were used for the

experiments. Distinction between males and females was made by hand-picking under

a microscope. For the investigation of the individual variation, adult copepods were

sampled directly from the culture and analyzed individually for their DMSP content.

Phytoplankton were cultured in 10 l vessels under continuous light on standard F2

medium at the same temperature and salinity as the zooplankton. Weekly, the

phytoplankton culture was harvested and concentrated by centrifugation. The

concentrate was stored at 4°C. From this concentrate defined volumes (cells ml-1) could

be added to the different incubation experiments. 
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Incubation experiments

At the start of the experiments, batches of 5 individual copepods were manually selected

and incubated overnight in filtered artificial seawater to allow them to defecate. These

starved copepods were then transferred to 100 ml dark bottles, that were filled with a

suspension of the algae Phaeodactylum tricornutum (60-1000 ✕ 103 cells ml-1). For each

determination a separate bottle was prepared. The bottles were closed without a

headspace to prevent the ventilation of DMS into the atmosphere. Incubation bottles

without zooplankton served as controls. The concentration of DMS and DMSP were

was followed for 4 hours. About every 30 minutes grazed and non-grazed incubation

bottles were harvested and water samples were taken to be analyzed for phytoplankton

cell numbers (Elzone particle counter), DMSPp, DMSPd, and DMS. The 5 copepods

from each sample were analyzed on the DMSP content (DMSPz). At several points

duplicate analyses were performed using duplicate incubation bottles.

Gut clearing experiment 

The gut content of well fed copepods was monitored over time after they were transferred

to filtered seawater. For this experiment, a large volume (50 l) from the copepod culture

was sieved over a 300 µm mesh sieve and the copepods remaining on the sieve were

incubated for two hours on a suspension of P. tricornutum (20 ✕ 106 cells ml-1) to ensure

maximum feeding. After this feeding, the copepods were sieved again (180 µm) to

separate them from the phytoplankton. They were rinsed with 0.45 µm filtered aged

seawater and transferred into a clean bucket containing 0.45 µm filtered seawater to

allow them to defecate. Sub-samples of copepods were taken by means of a 180 µm mesh

sieve every 5 to 10 minutes during 1 hour. The sieve was folded into aluminium foil an

submerged into liquid N2 to preserve the copepods and the DMSP in their guts. For each

analysis 20 males and 20 females were manually collected and analyzed for DMSPz.

This experiment is a classic experiment to evaluate the ingestion rate and gut passage

time in zooplankton, which is normally performed using chlorophyll a as tracer

(Peterson et al. 1990). As DMSP is also a component linked to the algae the experiment

can also be performed using DMSP as the tracer compound instead of chlorophyll a

(Kwint & Kramer 1996, chapter 6). The ingestion rate (I) and gut passage time (GPT)

can then be calculated from the decrease in gut content (G) according to: 

Gt = G0 e-gt

and 

GPT = 1/g, 

where g is the gut clearance rate constant in min-1, Gt is the gut content at each time

step in pmol DMSP ind-1. The ingestion rate is calculated as: 

I = G0 60/GPT (in pmol DMSP ind-1 h-1) (Peterson et al. 1990). 
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Faecal pellet experiment 

A large number of copepods were concentrated into a 2 l glass beaker and incubated for

2 h on a dense suspension of P. tricornutum at 15°C. The copepods, the faecal pellets

produced and the phytoplankton were then separated by sieving over a 180 µm mesh and

a 25 µm mesh respectively. The faecal pellets were carefully and briefly rinsed with a little

filtered seawater and transferred into 2 l of 0.45 µm filtered aged seawater. The temporal

changes in the amount of DMSPf in the pellets was monitored as well as the changes in

DMSPd and DMS concentrations. Occasionally subsamples of faecal pellets were preserved

with Lugol’s solution (10%) and counted using a microscope (mag. 40 ✕) and a 1 ml

counting chamber.

Total budget experiment 

This experiment had a similar set up as the first incubation experiment, only this time

the amount of DMSPp in the phytoplankton was adjusted to be approximately at the

same level as the amount of DMSPz in the copepods added. The effects of two different

diatom species was studied. For each determination independent replicate bottles were

used. Batches of 20 copepods per bottle were incubated in triplicate on a suspension

of the diatom P. tricornutum (20 ✕ 103 cells ml-1) and on a suspension of the diatom

Thalassiosira weissflogii (5 ✕ 103 cells ml-1), while samples

were taken at t = 0 and t = 24 h. For each diatom species

duplicate ungrazed samples served as controls. Analyses were

made for DMSPp,d,z,f and DMS.

DMS and DMSP analysis 

To determine the DMS and the DMSPd concentrations a 25 ml

water sample was filtered gently over a GF/C filter into a purge

vessel and purged with helium for 10 minutes 

(40 ml min-1). DMS was cryogenically trapped on Tenax-ta

(Chrompack) after drying through a Nafion drier (Dupont).

From the purged filtrate, a 10 ml subsample was taken and

transferred to a crimp-cap vial. After 1 ml NaOH (10 M) was

added, the vial was immediately closed with a teflon lined

septum. After overnight hydrolysis at 4 °C, the DMS formed

was purged from the vial with helium through hypodermic syringes and trapped

cryogenically. The DMS formed by treatment with cold NaOH hydrolysation of the DMSP

in the vials is believed to represent only DMSP (White 1982, Kiene & Gerard 1994).

For DMSPp a 5 ml unfiltered sample was put into a crimpcap vial and treated in the same

way, DMSPp concentrations were calculated by subtracting the DMS and DMSPd

concentration from this total sample. 
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Figure 1.  Individual variation of the

DMSP gut content in adult copepods

>300 µm (Eurytemora affinis) from

the culture. The dashed line

represents the DMSP content after

starvation for 24 h



For the DMSPz and DMSPf, the zooplankton or pellets

respectively were collected from the batch experiments,

rinsed briefly with a little artificial seawater and treated the

same way as the DMSPp samples. In the faecal pellet

experiment we analyzed a 0.45 µm filtered water sample

on DMS (25 ml) and DMSPd (10 ml). For the determination

of the DMSPf concentration a total water sample was

analyzed (10 ml). The DMSPf concentration was then

calculated by subtracting the DMS and DMSPd

concentrations from this total sample.

DMS was analyzed on a ‘Varian 3500’ gas chromatograph

equipped with a capillary linear plot column and a photo-

ionization detector (PID, 10.2 eV). Hydrogen was used as

the carrier gas. Calibration was performed using DMSP-

HCl salt standards, that were hydrolysed to DMS and

treated the same way as the other samples. The detection

limit for DMS and DMSP was 1.5 pmol. For a detailed

description of the analysis of DMSP and DMS, see Kwint

& Kramer (1995, chapter 2). 

RESULTS AND DISCUSSION
Individual variation of DMSPz 

The results of the experiment to asses the individual

variation of DMSP gut content between adult copepods

taken directly from the culture becomes clear from Figure

1. The dashed line indicates the mean DMSPz content in

copepods that were starved for at least 24 h. There appears to be a common concentration

level (per copepod) of about 160 pmol ind-1. However, several data points are well

below or well above this level. Although differences between males and females occur

and differences between experimental conditions/batches (see also Figure 4), it is

expected that the differences between individuals observed from one experiment are

related to the characteristics of the individuals. From visual inspection of copepods it

can be seen that individuals may contain 0, 1, 2 or 3 faecal pellets in the gut. This

explains the ‘outliers’ in Figure 1. For this reason, in later experiments we used either

starved, or well fed copepods that were incubated (2 h) in phytoplankton suspensions

of much higher density than the original culture.
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Figure 2.  Changes in DMSP (closed

symbols) and DMS (open symbols)

concentrations in suspensions of the

diatom Phaeodactylum tricornutum

(1000 ✕ 103cells ml-1) incubated in

100 ml glass bottles without

copepods (triangles) and with 5

copepods (circles) of the species

Eurytemora affinis. 2a: particulate

DMSP (DMSPp); 2b: DMS and

DMSP in the zooplankton gut

(DMSPz); 2c: dissolved DMSP

(DMSPd)



Four hour incubation experiment

The incubation experiments where the concentrations of

DMSP(p,d,z) and DMS were monitored over time in systems

with and without zooplankton are presented in Figures 2

and 3. Figure 2 shows the change in DMSP concentrations

expressed as nM in the particulate (phytoplankton only)

fraction (2a), in the zooplankton (2b) and dissolved fraction

(2c) as well as the changes in DMS concentration (2b). 

The DMSPp concentration in this experiment was about 3

orders of magnitude above the DMS, the DMSPd and DMSPz

concentrations. The change of DMSPp in the systems with

and without zooplankton is more or less parallel.

In the copepods there is an increase in the DMSPz gut

content in the first two hours of about 0.5 nM h-1 expressed

as medium (calculated as 10 pmol ind-1 h-1 for 5 individuals

in 100 ml medium), after which the gut content remains

stable at about 1.2 nM (24 pmol ind-1), indicating that the

copepods were completely saturated and were possibly

excreting DMSP at the same rate as ingesting it.

The DMS concentration initially decreased from about 1.3

nM to about 0.8 nM, after which it remained more or less

stable in both systems.

The DMSPd concentration also decreased initially in both

systems, but in the systems with copepods there was an

increase of about 0.5 nM h-1 between the 60 and 240

minutes, while in the ungrazed systems the concentration

remained constant. This pattern seemed to match the changes in DMSPz.

As the DMSPp concentration in the previous experiment appeared to be very high

compared to the other fractions, the experiment was repeated with a less dense and

more realistic suspension of P. tricornutum (Figure 3 a-c). Again the changes in DMSPp

in both systems appeared to be rather parallel. The DMSP gut content in the copepods

increased initially with a rate of about 2 nM h-1 (40 pmol ind-1 h-1) and levelled off

after about 1.5 h. We were unable to detect any DMS in these samples (detection limit

0.15 nM). The DMSPd concentration started in this experiment at a low level and

increased with time in both systems. In the grazed systems, however, the DMSPd

concentration showed an increase of 0.5 nM h-1 in the last 2 h, compared to a decrease

of 0.2 nM h-1 in the ungrazed systems.
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Figure 3. Changes in DMSP con-

centration in suspensions of the

diatom Phaeodactylum tricornutum

(60 ✕ 103 cells ml-1) incubated in

100 ml glass bottles without

copepods (triangles) and with 5

copepods (circles) of the species

Eurytemora affinis. 2a: particulate

DMSP (DMSPp); 2b: DMSP in the

zooplankton gut (DMSPz); 2c:

dissolved DMSP (DMSPd); DMS

could not be detected (detection limit

0.15 nM)



Residence time of DMSP in copepods

In order to assess the residence time of the DMSP in the copepods (DMSPz), the results

of the gut clearance experiment are displayed in Figure 4.

A large difference in the initial DMSP gut content between

male (about 20 pmol DMSP  ind-1) and female (about 50

pmol DMSP ind-1) copepods could be observed. The gut

passage time for both sexes was in the order of 0.5 hour,

according to Dam and Peterson (1988) a normal value at

this incubation temperature for natural conditions would

be 26 min, which seems in good agreement.

The ingestion rate for females was about 100 pmol DMSP

ind-1 h-1 and for males about 30 pmol DMSP ind-1 h-1. The

large differences between males and females can be

explained by the difference in size and the fact that the

females of Eurytemora carry their eggs with them, which

requires more energy for swimming and hence a higher

feeding rate.

The effect of zooplankton upon DMSPp appears to be that, via DMSPz, the plankton

cells are packged into faecal pellets (DMSPf). The release of DMSPd and the stability of

DMSPf was followed in a separate experiment (Figure 5).

DMSP stability in faecal pellets

The amount of DMSPf in the pellets appeared to decrease about 30% during the first

day; after 5 days about 70% had disappeared and after 2 weeks only 10% of the initial

amount of DMSPf was left (Figure 5). Surprisingly, no increase in the DMSPd

concentration could be detected (mean concentration about 0.5 ± 0.15 nM). The DMS

concentration remained below the detection limit (0.15 nM). Apparently, the DMSP in

the faecal pellets was metabolized by bacteria present in the pellets to other sulphur

compounds (e.g. methyl-mercaptopropionate (MMPA), mercaptopropionate (MPA) or

DMSO) that could not be detected by the analysis method used, or the DMS formed

was immediately assimilated to CO2 and particulate material (bacteria cells) (Kiene &

Service 1991, Wolfe & Kiene 1993, Hatton et al. 1994). As the headspace of the

incubation bottle was relatively small compared to the water volume, it is unlikely that

all DMS escaped to the atmosphere without being detected in the water column. Visual

inspection of the faecal pellets showed that their number did not change and that they

remained intact for at least 8 days.
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Figure 4. Decrease of DMSP gut

content in fully satisfied Eurytemora

affinis transferred to filtered

seawater, to allow them to defecate.

Circles: adult females. Triangles:

adult males. GPT = gut passage time

from mouth to rear end



Zooplankton related DMSP budget

The results of the complete budget over a 24 h experiment become clear from Figure 6.

The column t=0 shows respectively the amounts of DMSPp, DMSPd and DMSPz (no

pellets at t=0) each expressed in nM in order to make budget

calculations easy. The other columns give the results for the

amount of DMSP in all fractions after 24 h. Obviously the

ungrazed systems contain no DMSPz or DMSPf fractions. The

data presented are the result of triplicate (grazed) or

duplicate (ungrazed) independent analyses.

It is clear, that the total amount of DMSPp + DMSPd in the

ungrazed systems shows only a minor change, if any. There

is a small shift from DMSPp to DMSPd in the experiment

with T. weissflogii.

In the grazed systems there is a distinct replacement of

DMSPp to the faecal pellets, while there is also a decrease of

DMSPz. In the experiment with P. tricornutum the total

amount of DMSP in all the fractions after 24 h is remarkably

similar to the total amount of DMSP at t=0, on average 98%

of the DMSP added at t=0 was accounted for at the end of

the experiment. In the T. weissflogii experiment there appeared to be a loss of about

20% of the DMSP to sulphur compounds that could not be detected. Grazing rates

calculated from the disappearance of cells (measured by the Elzone particle counter)

and calculated from the disappearance of DMSP from the particulate fraction appeared

to be the same (about 2 ml ind-1 d-1) for the P. tricornutum experiment and about 2.5

ml ind-1 d-1 for the T. weissflogii experiment). No DMS formation could be detected in

this experiment.

This total budget experiment allows us to construct a scheme where the different

pathways are quantified in a relative sense (Figure 7).

Phytoplankton is shown as the only producer of DMSP and this production is set at

100%. According to the literature (Baars & Fransz 1984, Tackx et al. 1990) 10 to 25%

of the daily primary production in Dutch coastal waters is consumed by copepods in

summer and autumn. In our experiments this grazing led to a small release of 0.5-5 %

DMSPd (based on the results of Figure 6). We attribute this to sloppy feeding, as the

results presented in Figures 5 and 6 show that no net DMSPd was released by the faecal

pellets.

In our experimental system no net DMS was formed and the major part of the ingested

DMSP was excreted unmetabolized (when 25% of the production was ingested, about

20% would pass the copepods undigested), some loss in the gut is sometimes observed,

however (see Figure 6b). The most important role of copepod grazing on phytoplankton
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Figure 5. Decrease of the DMSP

concentration in fresh faecal pellets

(3000 pellets l-1) placed in 2 l 0.45

µm filtered seawater. Circles: DMSP

in pellets (DMSPf). Triangles:

dissolved DMSP (DMSPd)



appears to be the repackaging of phytoplanktonic DMSP into faecal pellets. Sinking

rates of the faecal pellets are in the order of 20-200 m d-1 depending on the size and

the copepod species and the food quality

(Butler & Dam 1994). These high sinking

velocities mean that a significant amount (up

to 10%) of the DMSP daily production can

disappear from the surface waters in this way,

and thus at least temporarily forms a sink of

DMS(P). According to Small et al. (1979),

sinking rates for faecal pellets from small

copepods can be described with: 

log S = 0.374 log V - 0.416 (with S, sinking rate

and V, volume). 

The faecal pellets produced in our experiment

had an average volume of 

1.5 ✕ 105 µm3 which results in a calculted

average sinking rate of 33 m d-1. Deposition is

not the only process affecting the faecal pellets,

zooplankton feeding on faecal pellets may

influence the amount of DMSP disappearing

from the surface waters (Jackson 1993).

No release of DMSPd or DMS from the faecal

pellets was found in our experiments. However,

due to the short rinsing of the pellets before measurement loosely associated DMSPd

and DMS could have been lost from the pellets during this procedure. One may question,

whether sulphur removed by this gentle treatment should be considered part of the

pellet. A loss of DMSP from the pellets could be observed (Figure 5), which must be

attributed to bacterial consumption within the pellets involving pathways to

compounds that were not detected or with a rapid turnover of DMS.

How do these finding compare with other (field) observations? According to Belviso et

al. (1992) the length of the deposition path of faecal pellets in the water column affects

the amount of DMSP in faecal pellet material at which reaches sediment traps held at

200 m depth. This supports the idea that the pellets may be a sink for DMS(P). 

Daly & DiTullio (1996) found low concentrations of DMSPp in sediment traps in deep

water, suggesting that break down of the DMSP in the faecal pellets in the water column

is a process that should not be neglected (see also Figure 5).
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Figure 6. (a) DMSP concentration

in 100 ml suspensions of the diatom

species Phaeodactylum tricornutum

(20 ✕ 103 cells ml-1) and (b)

Thalassiosira weissflogii (5 ✕ 103

cells ml-1) incubated for 24h with 20

copepods (grazed, 1-3) or without

copepods (ungrazed, 1-2) of the

species Eurytemora affinis. The

column t=0 represent the initial

concentrations. White column:

DMSPp. Black column: DMSPd.

Grey column: DMSPz. Shaded

column: DMSPf



Our findings that no net DMS is formed either from the grazing activity or from the

pellets appears to be in contrast with the results of Dacey & Wakeham (1986) and Daly

& DiTullio (1996) who found that the

grazing activity of copepods and juvenile

krill respectively, caused a remarkable

increase of the DMS production

compared to ungrazed control systems.

The latter study was, however,

performed in the presence of Phaeocystis

sp., which is known to be able to cleave

extracellular DMSPd very rapidly into

DMS and acrylate due to the presence of

extracellular DMSP-lyase enzyme

(Stefels & Van Boekel 1993, Stefels et al.

1995). Apparently, the diatom species

we used in our experiments do not

possess this lyase activity. Of the species

Gymnodinium nelsoni and Prorocentrum

micans (Dacey & Wakeham 1986) it is

not known whether they have this

enzyme. Another explanation could be

the possibility of DMS formation by

bacteria associated with the plankton

species used. We should also not forget that the selection of species may play an

important role in the outcome of the results. Different zooplankton species (and

development stages!) tend to select for favoured food sources (Estep et al. 1990, Hansen

& Van Boekel 1991), each with different DMSP contents and lyase activity. In addition

the shape/size and density (thus sinking rate) of the faecal pellets changes with the

zooplankton species. The physiological state of a phytoplankton bloom may affect the

deposition rates as well (Jackson 1993). Estep et al. (1990) and Hansen & Van Boekel

(1991) showed that also the grazing activity of copepod species on Phaeocystis may

depend on the physiological state of the algae and that the copepod Temora longicornis

is able to switch from phytoplankton to heterotrophic nanoflagellates as a food source

during a Phaeocystis dominated bloom.

This all means that in addition to our findings the various pathways should be

investigated for a number of different species combinations, before they can be generally

applied.
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Figure 7. Possible pathways by

which copepod grazing activity may

influence the release of DMSP and

DMS. Numbers represent

percentages of primary or DMSP

production by phytoplankton. Italics

represent numbers derived from

literature, other numbers were

calculated from this study. For

further explanation see text



CONCLUSIONS
The experiments with the copepod Eurytemora affinis grazing on the diatoms

Phaeodactylum tricornutum and Thallassiosira weissflogii suggest that most of the DMSP

ingested is packaged into faecal pellets. The pellets are subject to DMSP degradation

(t1/2 of several days). This allows part of the faecal pellets to be deposited beyond the

mixing zone, thus forming a potential sink for DMS(P) from the surface water.

No net formation of DMS (from the DMSPz or DMSPf) could be observed. Only a small

fraction was released as DMSPd due to sloppy feeding.
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