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C H A P T E R 



Seasonal variation of DMSP in relation to composition of 
microphytobenthos in estuarine intertidal sediments 

S.A. van Bergeijk, U. Wollenzien, K. Schonefe/c/t and L.J. Stal 

DMS(P),Mll and pigments were measured monthly during one year in the upper 2.5 mm 

of intertidal sediment at two sampling sites along the Westerschelde and the Oosterschelde 

estuary (SW Netherlands). Temperature, salinity and dissolved inorganic nitrogen (DIN) 

were measured in the porewater and qualitative microscopic observations were made of the 

microphytobenthos present in the sediment. N o clear effects of temperature, salinity or DIN 

on Chi a- or fucoxanthin-specific DMS(P) toul content were found. Both total DMS(P) and 

pigment contents were positively correlated with temperature and salinity. Simultaneous 

peaks of DMS(P) toul and Chi a and fucoxanthin (both present in diatoms) were observed in 

spring and in summer and at one station also in winter. These peaks coincided with increases 

in epipelic diatoms, while in summer also cyanobacteria and green algae were observed. The 

microphytobenthic populations usually consisted of high numbers of different species, 

which made it impossible to correlate high or low DMSP contents to particular species. 

However, we were able to distinguish certain groups of oxygenic phototrophic 

microorganisms on the basis of their pigment and DMSP content. DMSP correlated well 

with Chi a and fucoxanthin, but the correlations could be improved by excluding samples 

with a much lower fucoxanthin to Chi a ratio than the average value for diatoms. These 

results clearly showed that diatoms were the most important source of DMSP in the 

sediment. Cyanobacteria did not contribute much to the DMSP content of the sediment. 

Certain green algae (probably euglenophytes) seemed to produce similar amounts of DMSP 

as the diatoms. Our results indicate that biomass and species composition of the 

microphytobenthos were the factors determining the DMS(P) toul content in the intertidal 

sediments of the Westerschelde and Oosterschelde estuaries. 

Submitted for publication. 
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Introduction 

In 1972, Lovelock et al. (1972) reported the presence of dimethylsulfide (DMS) 
in a variety of seawater samples and postulated that this volatile organic sulfur 
compound could close the global sulfur budget by providing the transport of sulfur 
from the marine environment through the air to the land surfaces. Since then, many 
measurements have shown that DMS is one of the major biogenic sources of sulfur 
in the atmosphere (Bates et al. 1992). Charlson et al. (1987) hypothesized that 
emission of DMS to the atmosphere represents a climate-regulating mechanism. In 
the atmosphere, oxidation of DMS eventually leads to an increase in cloud 
condensation nuclei (Andreae et al. 1995) and an increase in the albedo of clouds by 
dissolution of DMS oxidation products in cloud droplets (Quinn et al. 1993). 
Increasing evidence in support of the climatic significance of DMS has stimulated the 
research on processes leading to DMS emission over the past years. 

DMS is the cleavage product of dimethylsulfoniopropionate (DMSP), which is a 
compatible solute known to be present in many marine micro- and macroalgae 
(White 1982, Keller et al. 1989, Blunden et al. 1992). The production of DMSP 
therefore determines the potential amount of DMS that can be emitted to the 
atmosphere. 

In marine pelagic systems, a correlation has been found between Chi a and 
DMSP concentrations (Gröne 1995, Townsend & Keller 1996), confirming the algal 
origin of DMSP. But the correlation between algal biomass and DMSP was 
sometimes obscured by species-specific high or low production of DMSP or 
environmental factors influencing the specific DMSP content of algae, like salinity 
and nitrogen concentration (Turner et al. 1988, Iverson et al. 1989, Townsend & 
Keller 1996). In benthic, intertidal systems the vertical distribution of Chi a has been 
observed to correspond with the vertical distribution of DMSP (Visscher et al. 1994, 
Van Bergeijk & Stal 1996, Jonkers et al. 1998^), but the correlation between 
pigments and DMSP has not been studied in detail. The oxygenic phototrophic 
microorganisms or microphytobenthos, which grow in the top layer of the 
sediment, generally consist of cyanobacteria and diatoms. DMSP production has 
recently been detected in several benthic diatoms (Jonkers et al. 1998a, chapter 2) 
and they are probably responsible for a substantial part of DMSP in the sediment. 
Reports on the production of DMSP by marine cyanobacteria provide contradictory 
results (Keller et al. 1989, Visscher & Van Gemerden 1991a, Vogt 1997, Jonkers et 
al. 1998a, chapter 2) and it is therefore still unclear whether they contribute 
significantly to the production of DMSP in the sediment. 

In the present study we investigated the seasonal variation of DMSP in 
intertidal sediments in relation to the microphytobenthic biomass, measured as 
pigment concentration. We studied the correlation between the presence of different 
(groups of) oxygenic phototrophic microorganisms and the DMSP content at two 
sampling stations in estuaries with different sediment characteristics and salinity and 
nutrient regimes. Furthermore, we evaluated the effects of temperature, salinity and 
nitrogen concentration on the DMSP and pigment content of the sediment. 
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Materials and methods 

Study area 
Fig. 5.1 shows a map of the Schelde estuary (SW Netherlands). The 

Westerschelde is a macrotidal estuary with a rather stable and gradual salinity 
gradient, comprising meso-, poly- and euhaline zones (from 5 to 33 PSU). Fresh 
water discharge from the river Schelde is subject to seasonal fluctuation, since the 
river Schelde is a 'rain river' depending on precipitation. The river Schelde runs 
through an urbanized and industrialized area of Belgium and is polluted by 
discharges of untreated wastes and toxic substances. Therefore, the estuary receives a 
high load of nutrients and organic material. Average dissolved inorganic nitrogen 
(DIN) concentrations measured in the water column of the Westerschelde in 1991 
ranged between 200 and 300 fxM (Kromkamp et al. 1995). The Oosterschelde is a 
mesotidal, euhaline estuary. Fresh water discharge in the Oosterschelde is very low. 
Salinity is around 30 PSU and fairly constant from the inner estuary to the mouth. 
Nutrient concentrations in the Oosterschelde are much lower than in the 
Westerschelde. DIN concentrations measured in the water column in 1990 ranged 
between 0 and 60 /JLM (Wetsteyn & Kromkamp 1994). 

Sampling 
From May 1997 until June 1998, samples were taken monthly during low tide 

at one station at the Westerschelde (KH) and one station at the Oosterschelde (Z) 
(Fig. 5.1). In a permanent quadrate of 4 m2 random samples were taken in 10-fold, 
using stainless steel cores ( 0 24 mm). For the determination of total DMS(P) and 
pigments, the top 2.5 mm of the sediment, containing most of the microalgal 
biomass, was sliced off the cores, using a 2.5 mm high Perspex ring ( 0 24 mm). 
Preliminary measurements showed that the concentrations of dissolved DMS and 
DMSP in sediment porewaters were below or just around the detection limit and 
that they were negligible compared to the sediment-bound DMSP content. 
Therefore we measured the total amounts of DMS and DMSP in the sediment, 
designated as DMS(P)total. At each sampling point, temperature was measured at the 
sediment surface and salinity was measured in filtered seawater, which was obtained 
by sampling residual water with a beaker at or very close to the sampling site and 
filtration over a G F / F glass fiber filter (Whatmann). Dissolved inorganic nitrogen 
(DIN) was measured in porewater samples, which were collected using Rhizon Soil 
Moisture Samplers (SMS, Eijkelkamp Agrisearch Equipment, The Netherlands; 
length 50 mm, diameter 2 mm) They were inserted just below the sediment surface 
and samples of 3 SMSs were pooled and stored at -20 °C until analysis. 

All sediment samples were processed in the field, directly after sampling. The 
2.5 mm slices were cut in half with a small spatula. One half was put in a glass 
culture tube, covered with parafilm and stored on ice m the dark. The tubes were 
stored at -80 °C until the samples were analyzed for pigments. The other half slice 
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Figure 1. Study area and location of the sampling sites. 

was put in a 6-ml glass vial (Chrompack), after which 2.4 ml of filtered seawater and 
1 ml 8 M N a O H were added. After the addition of N a O H , the vials were 
immediately closed with gas-tight, Teflon-coated butyl rubber septa and aluminium 
crimp seal caps. The vials were stored at room temperature in the dark and the 
samples were analyzed for total DMS(P) within a week after sampling (see below). 

At each sampling point, qualitative macroscopic observations (e.g. brown 
and/or green color of the sediment) and microscopic observations were made. 
Surface scrapings of the sediment, fixed with Lugol's fixative, were oxidized with 
H 2 0 2 . The oxidized samples, consisting of silica valves of the diatom frustules, were 
mounted in Naphrax onto microscope slides (Battarbee 1986). 

Analyses 
Pigments were determined by HPLC. Before pigment extraction, the sediment 

samples were freeze-dried. The sediment was ground with a bullet grinder for 1 min 
at maximum amplitude (ISO 9001 Retch), and subsequently extracted with 96% 
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methanol containing 4% ammoniumacetate. Half a sediment slice was extracted with 
2.5 ml extraction solvent. The samples were vortexed, ultrasonicated for 10 mm in a 
cold water bath and centnfuged. Pigments were determined according to the method 
described by Barranguet et al. (1997). The HPLC system was equipped with a 
photodiode array detector (Waters 996) coupled to a Waters 717 plus autosampler 
and was calibrated using isolated pigment standards (Barranguet et al. 1997). 

DMSP was measured indirectly as DMS, after hydrolysis of DMSP to DMS and 
acrylate with cold alkali (Challenger et al. 1957, White 1982). A final concentration 
of 2 M N a O H was used to hydrolyze the samples and the samples were incubated 
for at least 24 h before analysis. DMS was measured by headspace analysis with a gas 
chromatograph (CP 9000, Chrompack, The Netherlands), equipped with a wide 
bore column (Poraplot U, ID 0.53 mm; 25 m; Chrompack, The Netherlands) and a 
flame ionization detector (FID). The temperatures of the detector, injector and oven 
were 200, 175 and 150 °C, respectively. The flow of air was 300 ml min"1, the flow 
of H2 was 30 ml min"1 and the flow of the carrier gas, N2, was 8 ml mm"1. The 
retention time of DMS was approximately 2.5 min. The detection limit was 10 nM 
in samples of 3 ml in 6-ml vials and accurate DMS measurements could be made at 
concentrations above 100 nM. 

Salinity was measured using a hand refractometer (Atago). DIN concentrations 
were determined using a Skalar 5100 autoanalyzer. 

Results 
A clear seasonal variation in the abiotic and biotic factors measured was 

observed at stations Z and KH (Fig. 5.2). Temperature ranged between 27 °C in 
summer and 0 °C in winter. At station Z, salinity was also highest in summer and 
lowest in winter, while salinity did not seem to show any seasonal pattern at station 
KH (Fig. 5.2A). NO,-concentration was generally lower than NH4

+-concentration 
and was higher in autumn and winter than in spring and summer (Fig. 5.2B). NH 4

+ -
concentration was much higher in summer than during the rest of the year. At both 
stations, diatoms were the dominant oxygenic phototrophic organisms. The 
sediment at station Z was sandy, with a water content of 19.5-30% and a specific 
gravity of 1.8-2.0 g cm'3 wet sediment, while at station KH it was muddy, with a 
water content of 55-75% and a specific gravity of 1.05-1.35 g cm"' wet sediment. This 
was reflected in the diatom populations that were present at the stations. At station 
Z, small epipsammic diatoms, that are usually present in sandy sediments and live 
attached to sand grains, were observed. In addition, high concentrations of large 
epipelic diatoms occasionally occurred. Epipelic diatoms live loosely attached to the 
sediment and show a vertical migration in the top few mm of sediment, forced by 
the tidal cycle. At station KH, occasionally high concentrations of epipelic diatoms 
were observed, together with tychoplanktonic diatoms, that are usually found in the 
sediment as well as in the water column. Both stations generally contained a high 
number of different species, but species diversity was highest at station Z. Diatoms 
contain the pigments Chi a and fucoxanthin, which showed a concomitant seasonal 
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Figure 3.2. Seasonal changes in salinity and temperature (A), NH4* and NO,' (B), Chi ,7 (C), fucoxanthin (D) and 

total DMS(P) content at stations KH (Westerschelde) and Z (Oosterschelde), which were sampled monthly. 

Squares, solid lines: station Z; Circles, dotted lines: station KH. Fig. A: open symbols represent temperature, filled 

symbols represent salinity. Fig. B: open symbols represent NO,", filled symbols represent NH„ 4 . Error bars: 

standard deviations of means of 10 samples. 
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variation (Fig. 5.2C, D). This variation corresponded with the variation in total 
DMS(P) content (Fig. 5.2E). At both stations, peaks in pigments and DMS(P)total 

were observed in spring and summer (August), while at station KH an additional 
peak occurred in December. The peaks coincided with a relative increase in epipelic 
diatoms in the sediment. In May 1997, station KH was dominated by Navicula 
gregana and Navicula arenana var rostellata and station Z was dominated by 
Navicula arenana var rostellata and Navicula bipustulata. In August 1997, station KH 
was dominated by Navicula phyllepta, but also contained several other species (e.g. 
large Nitzschia spp., Tryblionella apiculata) and station Z was dominated by Amphora 
spp. and Nitzschia spp. In August, both stations also contained conspicuous amounts 
of other algae than diatoms. At station Z many cyanobacteria were observed, while 
at station KH green microalgae were observed. In December 1997, station KH was 
dominated by Navicula arenana var rostellata. In April 1998, station KH was 
dominated by Navicula arenaria var rostellata and station Z was dominated by 
Amphora spp. and Nitzschia spp. 

To see if the observed variation in DMS(P)toul and pigments could be explained 
by the effect of the abiotic factors tested, we performed multiple regression analysis 
(Table 5.1). DMS(P)toIai, Chi a and fucoxanthin all showed a fairly strong positive 
correlation with temperature, followed by a weaker positive correlation with 
salinity and a still weaker negative correlation or no correlation with DIN (Table 
5.1, Fig. 5.3). N o clear effect was observed of the abiotic factors on the pigment-
specific DMS(P)total content. Chi «-specific DMS(P)unai showed a weak negative 
correlation with salinity, while fucoxanthin-specific DMS(P)10tai showed a weak 
negative correlation with DIN and a weak positive correlation with temperature 
(Table 5.1). Our results show that DMS(P)toIal correlated well with 
microphytobenthic biomass, represented by Chi a and fucoxanthin (Fig. 5.4). The 
correlation was better when not all samples from both stations were pooled. Two 
groups of samples were easily distinguished from the rest of the samples. These were 
the samples from August 1997 at station KH, containing green microalgae (probably 
euglenophytes), and the samples from July and August 1997 at station Z, containing 
cyanobacteria. Green algae and cyanobacteria possess Chi a, but no fucoxanthin. 
This was reflected in a low fucoxanthin to Chi a ratio (< 0.3) in these samples, 
compared to a ratio of 0.6-0.8, which is typical for sediments dominated by diatoms 
(Lucas & Holligan 1999). A third group of samples, from September 1997 at KH, 
also had a low fucoxanthin to Chi a ratio. Possibly, some green algae were still 
present at this station, although we do not have observations to support this. 
Omitting the data from July and August at station Z, strongly improved the 
correlation between Chi a and DMS(P)lnlal and increased the slope of the regression 
line (Fig. 5.4A). Omission of these data hardly changed the correlation between 
fucoxanthin and DMS(P)U)la| or the slope of the regression line (Fig. 5.4B). When the 
data from September at station KH were omitted, the correlation between Chi a and 
DMS(P)totai increased, but the slope of the regression line remained almost the same 
(Fig. 5.4C). The slope of the regression line clearly decreased as well as the 
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Table 5.1. Stepwise multiple linear regression analysis of the effects of temperature, salinity and DIN 

on the following dependent variables: DMS(P),„la| (nmol cm"' sediment), Chi a !pg cm'1 sediment), 

fucoxanthin (/jg cm"' sediment), DMS(P)totai (mmol g"1 Chi a) and DMS(P)tolJ (mmol g"1 fucoxanthin). 

Dependent variables were lnlog transformed to increase the homogeneity of variance. (A) Parameter 

estimates derived from the multiple regressions (intercepts and slopes) and t-test for H() that each 

regression parameter differs from 0. (B) ANOVA to test for the overall significance of the multiple 

regressions. 

A) Parameter estimates 

Dependent variable 

DMS(P)„„cl| (nmol cm"1 sediment) 

Chi a (jjg cm"' sediment) 

fucoxanthin (/Jg cm"1 sediment) 

DMS(P),otaJ (mmol g ' Chi a) 

DMS(P)„,M| (mmol g"1 fucoxanthin) 

factor 

intercept 

temperature 

salinity 

DIN 

intercept 

temperature 

salinity 

intercept 

temperature 

salinity 

intercept 

salinity 

intercept 

DIN 

temperature 

parameter 

estimate 

0.3382 

0.0441 

0.0238 

-0.0012 

-1.1277 

0.0381 

0.0456 

-0.5511 

0.0357 

0.0140 

1.5540 

-0.0283 

1.0417 

-0.0009 

0.0096 

t 

2.290 

10.15 

4.132 

-2.879 

-9.319 

11.05 

9.398 

-4.819 

10.97 

3.055 

13.83 

-6.671 

22.67 

-3.126 

3.404 

P 

0.023 

<0.001 

<0.001 

0.004 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

0.003 

<0.001 

<0.001 

<0.001 

0.002 

0.001 

B) Analysis of variance 

dependent variable source df I P R-' 

DMS(P)„,lHl (nmol cm"1 sediment) Model 3 59.95 <0.001 0.49 

Error 189 

Total 192 

Chi a (/jg cm'3 sediment) Model 2 159.9 <0.001 0.63 

Error 190 

Total 192 

fucoxanthin (jjg cm"1 sediment) Model 2 86.68 <0.001 0.48 

Error 189 

Total 191 

DMS(P)1(ltal (mmol g"1 Chi a) Model 1 44.50 <0.001 0.19 

Error 190 

Total 191 

DMS(P)1<lU (mmol g"1 fucoxanthin) Model 2 7.952 <0.001 0.08 

Error 190 

Total 192 
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Figure 5.3. Total DMS(P) content of all samples taken during one year at stations Z and KH, plotted against 

temperature (A), salinity (B), and dissolved inorganic nitrogen (DIN = NO," + NH4
 + ) (Q. Lines: data were fitted 

with a least squares multiple regression equation (P<0.05): 

y = 0.044temperature + 0.023sa/m/ty-0.0012O//V + 0.338; r = 0.49; N = 192; with salinity 26 PSU and DIN 

101 pM (A), with temperature 1 5 'JC and DIN 101 fjM (B) and with temperature 15 C and salinity 26 PSU (C). 
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Figure 5.4. Total DMS(P) content plotted against Chl a and fucoxanthin content of station Z (A, B) and KH (C, D). 

Crosses ( + ): samples taken at station Z, July and August 1997 (containing cyanobacteria): open squares: samples 

taken at station KH, August 1997 (containing green algae); open circles: samples taken at station KH, September 

1997 (probably containing green algae); filled squares: other samples (containing mainly diatoms). Data were 

fitted with least squares regression equations (P<0.05): y = 2.80x + 20.4 ; r = 0.47; N = 101 (A, solid line: all 

data), y = 7.05.Y + 0.12; r = 0.62; N = 83 (A, dotted line: all data except from August and July), 

>• = 13.84A- + 5.39; r = 0.65; N = 101 (B, solid line: all data), y = 16.73.x-0.70 ; r = 0.62; N = 83 (B, dotted 

line: all data except from August and July), y = 6.87x + 6.23; r = 0.82; N = 109 (C, solid line: all data), 

>• = 3.80A-+ 17.0; r = 0.50; N = 99 (C, dotted line: all data except from August), y = 7.69x + 6.12 ; r = 0.92; N 

= 99 (C, dashed line: all data except from September), y = 17.91A - 11.28 ; r = 0.69; N = 109 (D, solid line: all 

data), y = 9 .57A + 6.20; r = 0.74; N = 99 (D, dotted line: all data except from August), y = \9.28x-\ 1.55; r = 

0.75; N = 99 (D, dashed line: all data except from September). 

correlation between Chl a and DMS(P)tota], when the data from August were omitted 
(Fig. 5.4C). In contrast, the correlation between fucoxanthin and DMS(P)lota, 
increased, while the slope of the regression line decreased, when the data from 
August were omitted (Fig. 5.4D). Omission of the data from September hardly 
affected the correlation between fucoxanthin and DMS(P)tota] or the slope of the 
regression line (Fig. 5.4D). These results suggest that the samples with a low 
fucoxanthin to Chl a ratio can be divided in a group with a low DMS(P)totai to Chl a 
ratio, i.e. from July and August 1997 at station Z and from September 1997 at 
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station KH, and a group with an average DMS(P)U,U| to Chi a ratio compared to the 
rest of the samples, i.e. from August 1997 at station KH. 

The average total DMS(P) concentrations were 57.1 ± 54.8 and 49.0 ± 52.7 
nmol cm"1 sediment for stations Z and KH, respectively. The average Chi a- and 
fucoxanthin-specific DMS(P)totai concentrations were 5.8 ± 4 . 1 and 10.3 ± 6.3 mmol 
g1 Chi a and 14.1 + 8.8 and 14.9 + 6.4 mmol g"1 fucoxanthin for stations Z and KH, 
respectively. 

Discussion 
Barranguet et al. (1997) studied microphytobenthic biomass and community 

structure during one year at a tidal flat located in the Westerschelde, by use of 
pigment biomarkers. They observed that during spring and autumn blooms the 
population was dominated by diatoms, while in summer diatoms coexisted with 
cyanobacteria and Euglenophyceae. We observed a similar succession from diatoms 
in spring to diatoms and cyanobacteria in summer at station Z and diatoms and 
green algae in summer at station K H in summer. The seasonal variation was also in 
accordance with the finding of Watermann et al. (1999) that cyanobacteria are 
favored by high temperature and coarser sediment and diatoms dominate at low 
temperatures and on mud. Microphytobenthic biomass, expressed as Chi a and 
fucoxanthin, showed a positive correlation with temperature and salinity, which was 
also found by Santos et al. (1997) in estuarine intertidal sediments. The total DMS(P) 
content showed a comparable correlation with temperature and salinity. 
Accordingly, DMS(P)total correlated well with Chi a and fucoxanthin. From the 
finding that DMS(P)U)lal showed a considerably good correlation with Chi a and 
fucoxanthin in sediments dominated by diatoms we conclude that diatoms were an 
important source of DMSP in these sediments. At station Z we also observed 
cyanobacteria in summer. Since cyanobacteria contain Chi a but no fucoxanthin, 
production of DMSP by cyanobacteria would have resulted in a higher DMS(P)total 

to fucoxanthin ratio compared to sediments containing mainly diatoms. However, 
the correlation between DMS(P)tolLll and fucoxanthin was hardly affected by the 
presence of cyanobacteria, while the correlation between DMS(P)tota] and Chi a 
decreased in the presence of cyanobacteria. This indicates that cyanobacteria did not 
contribute to the production of DMSP at station Z. At station KH we observed 
green algae (probably euglenopytes) in summer, which also possess Chi a but no 
fucoxanthin. Samples from August with a relatively low fucoxanthin to Chi a ratio 
improved the correlation between DMS(P)tolal and Chi a and samples from 
September with a relatively low fucoxanthin to Chi a ratio decreased the correlation 
between DMS(P)U)taj and Chi a. On the other hand, the samples from August clearly 
increased the DMS(P)total to fucoxanthin ratio compared to sediments containing 
mainly diatoms, while the samples from September hardly affected this ratio. These 
results indicate that some green algae also contributed to the production of DMSP at 
station KH, while others did not. To our knowledge only one species of 
Euglenophyte algae, a planktonic species, has been tested for its DMSP content and 
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did not contain DMSP (Keller et al. 1989). DMSP production has been tested in 
cultures of isolated species of microphytobenthos. These studies showed that several 
diatoms produce DMSP (Van Bergeijk & Stal 1996, Jonkers et al. 1998a, chapter 2). 
DMSP production was also reported for the marine benthic cyanobacterium 
Microcoleus chthonoplastes 11 (Visscher & Van Gemerden 1991a), but this result 
could not be reproduced by other authors (Van Bergeijk & Stal 1996, Vogt et al. 
1998, Jonkers et al. 1998a). Our study presents an alternative approach to evaluate 
the contribution of different members of microphytobenthos to the production of 
DMSP in intertidal sediments. 

Although it was possible to distinguish taxonomie groups of oxygenic 
phototrophs on the basis of their pigment and DMSP content, we could not 
correlate high or low DMSP contents to specific diatom species. We did not have 
quantitative data on species abundances, but it was clear that the diatom populations 
were always very diverse. Especially at the sandy station Z a very high abundance of 
one species compared to the other species present was never observed. The mixed 
populations made it impossible to separate out the source(s) of DMSP at the genus 
or species level. 

DMSP has been suggested to play a role as cryo- and osmoprotectant, based on 
observations that the DMSP content of marine micro- and macroalgae increased 
with decreasing temperature and increasing salinity (Dickson & Kirst 1986, Karsten 
et al. 1992, Nothnagel 1995, Sheets & Rhodes 1996). Furthermore, it has been 
hypothesized that nitrogen limitation may stimulate DMSP production, because it 
would lead to replacement of nitrogen-containing osmolytes, such as glycine betaine 
and proline, by DMSP (Andreae 1986, Turner et al. 1988). This was confirmed by 
several studies (Turner et al. 1988, Gröne & Kirst 1992, Keller et al. 1999£). These 
findings prompted us to study the effect of temperature, salinity and nitrogen 
concentration on the DMSP content of the sediment. We could not find correlations 
between the Chi a- or fucoxanthin-specific DMS(P) content and temperature, 
salinity or DIN that were consistent with our expectations based on the theories 
described above. That is, we neither observed a positive correlation with salinity nor 
negative correlations with temperature and DIN. This suggests that in our field 
study the possible effects of these factors, if present, were obscured by large seasonal 
variations in species composition, associated DMSP content and environmental 
conditions. The common occurrence of Navicula phyllepta at our sampling sites may 
have influenced the effect of salinity of pigment-specific DMS(P),otal. When grown in 
batch culture, N. cf. phyllepta showed a decrease in specific DMSP content from 20 
to 33 PSU (chapter 2), which is comparable with the salinity range we encountered 
in the field. Furthermore, nitrogen may not have been limiting to 
microphytobenthos in the sediment during our study. Since the Westerschelde is 
much richer in nutrients than the Oosterschelde, we had expected to find an effect 
of this difference on microphytobenthic biomass and pigment-specific DMSP 
content at the two stations. However, DIN-concentrations in the porewater did not 
differ much between the two stations and average pigment and DMS(P)tntal 
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concentrations, as well as average Chi ^-specific DMS(P)total concentrations, were 
very similar at stations K H and Z. Our results therefore agree with the assumption 
that neither in the Westerschelde nor in the Oosterschelde microphytobenthic 
production is limited by nutrients (De Jong et al. 1994, Kromkamp et al. 1995, 
Barranguet et al. 1998). 

Summarizing, we did not find a strong effect of temperature, salinity or DIN on 
the specific DMSP content of microphytobenthos in estuarine intertidal sediments. 
DMSP correlated quite well with microphytobenthic biomass, although the 
correlation improved when samples with a different species composition were 
separated in the analysis. These results indicated that there was a strong effect of the 
composition of microphytobenthos on DMSP content. Diatoms were an important 
source of DMSP in these sediments, while cyanobacteria were not. Some green algae 
(probably euglenophytes) may also contribute to the DMSP content of the 
sediment. 
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