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ABSTRACT: During tidal inundation, exchange of particulate organic matter POM between salt 
marshes and tidal water may occur. This may result in changes in the seston-POM characteristics of the 
water. We investigated wheter such changes were found after inundation of Saeftinge, a salt marsh in 
the Westerschelde estuary (SW Netherlands). Seston was collected from a tidal creek of the marsh dur- 
ing 22 flood-ebb tide cycles. The characteristics of the flood and ebb seston samples were assessed by 
microbial bioassays, pyrolysis-mass spectrometry, and the determination of chlorophyll (a+b).  There 
was a very strong agreement between the seasonal pattern in biodegradability and the seasonal pat- 
tern in chemical signature of the seston-POM. During autumn and winter, the degradability of seston- 
POM in the Westerschelde was relatively low. Neither the degradability nor the chemical characteris- 
tics of the POM showed much variation in this period. The enrichment of the POM-pool with 
phytoplankton appeared to be the major factor increasing the biodegradability and causing the 
changes in chemical characteristics of seston-POM in the Westerschelde in spring and summer. Only 
during a 2 mo period in summer did salt marsh inundation result in consistent differences in POM char- 
acteristics between flood and ebb: compared to the POM in the flood water, the POM leaving the marsh 
dunng the ebb was more refractory. In other periods, salt marsh inundation hardly affected biodegrad- 
ability and chemical composition of seston-POM. This is considered an Indication that the large estua- 
rine salt marsh of Saeftinge is an irrelevant factor in determining the nature of POM in the estuary The 
lack of differences between flood and ebb tide seston-POM also suggests that export of vascular plant 
detrltus from this marsh, at least during moderate weather conditions, is insignificant. 

INTRODUCTION 

Suspended  matter  in  estuaries originates both from 
external  a n d  internal sources. Material from land  run-  
off a n d  marine particulate matter  imported from the  
sea  constitute that  from external  sources. Auto- 
chtonous primary production of pelagic  a n d  benthic 
a lgae  a n d  erosion of sediments  a r e  major internal  
sources. Estuarine salt  marshes  m a y  function a s  inter- 
nal  sources of particulate matter  a s  well. During tidal 
inundation, processes such  a s  surface erosion a n d  re-  
lease of organic particles from vegetation may result in  
the  addition of particles from t h e  salt  marsh to the  
water ;  however, the  water  may  also lose particles by 
t rapping,  s e d m e n t a t i o n  a n d  biological up take .  Studies 
on  the  quantification of the  n e t  fluxes of particulate 
matter  be tween  salt  marshes  a n d  adjacent  wate r  have  

yielded m u c h  information o n  t h e  complexity of mate -  
rial efflux from salt marshes differing i n  geomorphol-  
ogy, tidal exposure a n d  vegetation cover. However ,  t h e  
ecological relevance of fluxes of particulate organic 
matter  not only d e p e n d s  on t h e  magni tude  of these  
fluxes, bu t  also o n  the  bioavailability of t h e  organic 
material.  Since t h e  pioneering studies of Teal  (1962) 
a n d  O d u m  & d e  la Cruz  (1967), it h a s  generally b e e n  
assumed that  t h e  e b b  wate r  leaving t h e  Spartina alter- 
niflora dominated salt  marshes of t h e  North American 
Atlantic a n d  Gulf coasts is enriched with mater ial  from 
this plant.  Consequently, s tudies  o n  t h e  role of carbon 
originating from salt marshes  h a v e  b e e n  strongly fo- 
cused o n  S. alterniflora. T h e  bioavailability of particu- 
la te  material der ived from S. alterniflora h a s  b e e n  
tested in  feeding experiments  with various coastal 
marine organisms (e .g.  Stuart  e t  a l .  1985, Newell  & 
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Fig. 1. Westerschelde estuary 
study. In the drainage area of 
Ordnance Level (NAP).  The 

in the SW Netherlands with the Saeftinge salt marsh and the tidal marsh creek sampled in this 
the creek the level of the marsh surface in a series of transects is Indicated in cm above Dutch 
locally dominating halophyte is indicated: E: Elymus pycnanthus; S :  Scirpus maritimus; P :  

Phragmites australis; Pu: Puccinellia mantuna; F: Festuca rubra 

Langdon 1986, Kreeger et al. 1988, D'Avanzo & Valiela 
1990). Stable isotopes have been used to elucidate the 
contribution of salt marsh cord grass as a source 
of organic matter to intertidal and subtidal fauna (e.g. 
Hughes & Sherr 1983, Peterson et al. 1986, Peterson & 
Howarth 1987, Deegan et al. 1990, Sullivan & 
Moncreiff 1990). Studies on the ecological relevance of 
tide-driven carbon fluxes in salt marsh-coastal water 
systems in Western Europe need another approach. 
The species assemblage of these marshes usually con- 
sists of species with C-3 and C-4 photosynthetic path- 
ways. This makes a carbon isotopic approach for inves- 
tigating halophyte-carbon efflux and assimilation by 
coastal consumers less feasible. Moreover, the vegeta- 

tion of these marshes lacks species which are growing 
low in the intertidal zone (Beeftink 1977). The contri- 
bution of salt marsh halophytes to carbon efflux from 
West European marshes therefore is not self-evident. 
In a recent study on seston in ebb tide water flowing 
from a coastal salt marsh, we could not find evidence 
for input of material from vascular plants to the POM- 
pool of the water (Hemminga et al. 1992). The seston- 
POM characteristics, however, were consistently 
shifted after salt marsh inundation. The investigated 
salt marsh was of the beach plain type (Beeftink 1977), 
with one tidal inlet through which the system is 
drained, and dunes shielding most of the marsh. In the 
present study we focused on a more 'open', estuarine 
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tidal marsh. To investigate if inundation resulted in 
ecologically relevant changes in the seston-POM char- 
acteristics of the water, a bioassay and chemical analy- 
ses were applied. The biodegradability of the material 
was assessed by determining microbial respiratory ac- 
tivity on the seston. Further, pyrolysis-mass spectrom- 
etry and chlorophyll (a + b) analyses were applied to 
the samples. 

METHODS 

Study area. The Westerschelde estuary (SW 
Netherlands) is the final transect of the Schelde river 
before it debouches in the North Sea. The largest salt 
marsh in the estuary is Saeftinge (2800 ha; Fig. 1). The 
annual mean tidal range in the part of the estuary 
where Saeftinge is situated is approximately 4.8 m; 
mean salinity at high tide is about 10 %a Seston sam- 
ples were taken in the mouth of a tidal creek on the 
eastern side of Saeftinge. Dominant halophyte species 
in the drainage area of this creek are Elymus pycnan- 
thus, Scirpus maritimus, Phragmites australis and 
Puccinellia maritima. The marsh level in the drainage 
area of the creek is between +254 and +330 cm NAP 
(Dutch Ordnance Level, corresponding approximately 
with mean sea level) (Fig. 1). The water level in the 
creek starts to rise only approximately 3 h before HW, 
because its bed is situated above mean low water. The 
duration of the subsequent emptying of the creek takes 
3 to 4 h. Current velocities peak during ebb tide 
(Fig. 2). 

Sampling. Water samples were collected during 21 
tidal cycles throughout 1990 and 1 cycle early in 1991. 
Incoming water was sampled 2.5, 1.5 and 0.5 h prior to 

0 120 240 360 480 600 720 840 960 1080 1200 
minutes 

( -+ water level + current veloaty l 

Fig. 2. Example of the tidal characteristics measured in the 
salt marsh creek which was sampled in this study. Indicated 
are the water levels and peak flood and ebb tide current 

velocities (F, E) during 2 successive flood-ebb tide cycles 

predicted high tide. The sampling moments thus cov- 
ered the major part of the inflow period. Samples of the 
ebb flow were taken 2, 3 and 3.5 h after the turn of the 
tide. Ebb tide samples were taken during the second 
part of the outflow period, as it was expected that a 
possible shift in seston characteristics due to salt marsh 
inundation would be most conspicuous in this period. 
At each sampling time, 100 to 125 1 was taken from the 
water surface, and 1 1 portions were filtered over 
Whatman GF/C filters for determination of seston, 
POC and chlorophyll (a + b) [chl (a + b)]. The remain- 
ing samples of each tide were pooled and the particu- 
late material in the water was obtained by continuous 
flow centrifugation at 13 000 X g (200 1 h-'), using a 
shipboard Sharples Super Centrifuge (type AS 16). 
The seston samples obtained were immediately frozen 
and afterwards lyophilized. 

Analyses. Seston and POC on the Whatman GF/C 
filters were determined with a Carlo Erba NA1500 
carbon and nitrogen analyzer. The filters were fumed 
with HCl prior to analysis. Carbon in the seston col- 
lected by continuous centrifugation was determined 
with the same apparatus. Chl (a + b) in seston filtered 
on Whatman GF/C filters was extracted with 90 % ace- 
tone, and determined by HPLC (Waters Associates). 

To assess the biodegradability of the seston-POM, al- 
iquots of the lyophilized seston samples (100 mg) were 
mixed with 2 m1 of a microbial inoculum (see below). 
Subsequently, the mixture was incubated in capped 
310 m1 glass bottles in the dark at 15 'C. After 7, 14 and 
21 d, the CO2 evolution in the bottles was measured by 
gas chromatography. The data were corrected for CO2 
background values. 

The inocula used in the assay were of 2 different 
types, a natural estuarine multi-species assemblage 
and a single estuarine bacterial species respectively. 
Using the estuarine assemblage has the potential dis- 
advantage that differences between the samples may 
be obscured if a relative high or low metabolic activity 
of one group of organisms is compensated by the activ- 
ity of others. With one bacterial species the risk is that, 
of the array of organic compounds in the seston, only a 
limited part would be attacked, as degradation of or- 
ganic substrates is restricted by the metabolic capac- 
ities of the particular species used; this would limit the 
assessment of biodegradability of the POM as a whole. 
By applying both types of inocula, the potential disad- 
vantage connected to each of them is met. 

The multi-species inoculum was obtained by filter- 
ing Westerschelde water collected near the study site 
through Millipore filters (pore diameter 1.2 p m )  The 
single species used for the second type of inoculum 
(a Gram-negative species of the Spirilla type) was iso- 
lated from estuarine water by repeated transfer of sin- 
gle colonies to a mineral medium with a salinity of 
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14 %o, enriched with yeast extract (10 mg I-'), and solid- 
ified with 2 % agar. In the medium of the last culture 
step, yeast and agar were deleted and glucose (500 mg 
1-l) was added. After a period of 4 d,  inocula of the final 
culture were mixed with seston samples. In the biode- 
gradability assay with the single bacterial species, the 
lyophilized seston samples were sterilized by gamma- 
irradiation (50 kGy), prior to addition of the bacterial 
inoculum. 

Chemical characterization of the seston was carried 
out by pyrolysis mass spectrometry (PyMS; for details 
see e.g. Boon 1989). Prior to analysis the lyophilized 
seston samples were desalted by 3 cycles of washing 
with deionized water followed by centrifugation. In- 
source pyrolysis was performed by pipetting aliquots 
of the resuspended seston on a Rh/Pt sample wire. The 
wire was subsequently heated resistively to 800°C in 
1 min in the ionization chamber of the mass spectrom- 
eter. As a resu!: the organic matter in the sample was 
degraded into smaller molecules. These molecules 
were ionized by low voltage Electron Impact (16 eV). 
The resulting ions were measured with a JEOL- 
DX-303 double-focusing (E/B) mass spectrometer 
equipped with a JEOL 5000 data system. All seston 
samples were analyzed in triplicate. The seston sam- 
ples consisted of a mixture of many different compo- 
nents. Each individual component has its own mass 
spectrum and in the case of a multi-component mix- 
ture, an  integrated spectrum of the whole mixture was 
obtained. The set of MS-spectra was analyzed by fac- 
tor discriminant analysis (Hoogerbrugge 1983, Windig 
et al. 1983). In this procedure the variation in the set of 
spectra is described by discriminants, which can be 
translated into information about the chemical compo- 
sition. The successive discriminants each describe part 
of this variation. Previous applications of this proce- 
dure for the chemical characterization of seston, of 
both estuarine and freshwater origin, can be found 
in Eisma et al. (1985), Boers & Boon (1988) and 
Hemminga et al. (1992). 

Statistical differences between flood and ebb series 
were tested by ANOVA, on log-transformed data. 
Pearson correlation coefficients were determined to 
assess the correlation between various seston charac- 
teristics. 
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Fig. 3. High water levels in the Westerschelde estuary near 
Saeftinge during the sampling period in 1990 and high water 

levels on the 22 sampling dates 

els were well above the monthly average HW. 
Consequently, flooding of substantial parts of the veg- 
etated area nearly always occurred on the sampling 
dates. 

The POC content of the seston in the samples taken 
during flood and ebb is shown in Fig. 4 .  If the average 
values of the 3 sample taken during the flood (2.5, 1.5 
and 0.5 h before HW) are compared to those of the first 
2 samples during the ebb (2 and 3 h after HW), the 
flood values are higher than the ebb values nearly 
throughout the year. The last ebb sample (3.5 h after 
HW), however, which was taken at the end of the 
water outflow from the creek, often had a high POC 
content. If these samples are included, the average 
POC values of the ebb phase increase and regularly 
reach values higher than the average POC values of 
the flood phase. This implies that the ebb seston-POM 
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RESULTS 
..... flood tide + ebb Me t(l t2) -B+ ebb tide t(lt2t3) 

HW levels on the sampling days varied between 
+223 and +388 cm NAP (Fig. 3). The drainage area of 
the creek covered with vegetation is situated between 
+254 and +330 cm NAP (Fig. 1); thus the inundation 
percentage varied between 0 and 100 %. The majority 
of samples was taken during tidal cycles when HW lev- 

Fig. 4. POC contents of seston samples colIected in the salt 
marsh creek Data of the flood tide curve are the means of 
samples taken 2.5, 1.5 and 0.5 h prior to predicted high tide. 
The ebb  tide (1+2) curve is based on the means of samples 
taken 2 and 3 h after the turn of the tide; the ebb  tide [1+2+3) 
curve on samples taken 2, 3 and 3.5 h after the turn of the tide 
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Table 1. Matrix of Pearson correlation coefficients, deter- 
mined for various seston-POM characteristics. C02MIX: bio- 
degradability as measured with a microbial assemblage (14 d 
incubations); C0,SING: biodegradability as measured with a 
single bacterial species (14 d incubations); D1. scores of the 
first discriminant determined after PyMS analysis; Chl/POC: 

chlorophyll to POC ratios. For further details, see text 

which was used for further characterization is strongly 
influenced by the material in the water during the last 
sampling. 

The assays for detecting differences in the biode- 
gradability of the samples showed that CO2 levels in 
the incubation bottles gradually increased during the 
period that the seston was incubated with the micro- 
bial inoculum. The overall pattern of differences in 
CO2 evolution between the samples, however, re- 
mained similar. We therefore present only one time se- 
ries (14 d incubation). Fig. 5 shows that the pattern of 
CO1 production in the incubations with the estuarine 
microbial assemblage is nearly identical to that ob- 
tained with the single bacterial species (Pearson corre- 
lation coefficient: 0.984; Table 1). The CO2 production 
ranged from ca 50 to 350 pm01 CO2 mmol-l seston C, 
i.e. between 5 and 35 % of the organic matter in the 
seston was mineralized after 14 d. The results further 
show that there are clear seasonal differences in the 
degradability of estuarine POM: it is low in autumn, 
winter, and early spring, higher in late spring and in 
summer, and shows a very conspicuous peak on 
23 May. For statistical analysis (ANOVA) of the data, 
2 time intervals were distinguished: an autumn/winter 
period (21 September to 21 March), and a spring/sum- 
mer period (21 March to 21 September). The overall 
difference between flood tide and ebb tide series in the 
autumdwinter period was not significant for either the 
experiment with the microbial mixture or the experi- 
ment with the single bacterial species (p = 0.135 and 
p = 0.802 respectively). In both assays, however, the 
flood and ebb tide series differed significantly in the 
spring/surnmer period (assay with microbial mixture: 
p = 0.024; with single bacterial species: p = 0.017). 
Visual inspection of the curves of both assays shows 
that in the spring/summer period consistent differ- 
ences between flood and ebb tide series exist, from 
11 June to 8 August. In this period, the POM in the 
flood tide samples appears to have a higher degrad- 
ability than the ebb tide samples. 

Pyrolysis mass spectrometry was carried out to in- 
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Fig. 5. CO2 production of (a) an estuarine microbial assem- 
blage and (b) a single estuarine bacterial species on seston 
samples collected during flood and ebb tides in the salt marsh 

creek 

vestigate if the pattern of biodegradability coincides 
with chemical changes in the seston POM. A detailed 
presentation of the PyMS data is outside the scope of 
this paper, and will be published elsewhere. For the 
purpose of this paper, the set of PyMS spectra was sub- 
jected to factor discriminant analysis to describe the 
variation in the spectra. In this procedure, every indi- 
vidual spectrum is redefined as a sum of discriminant 
scores, allowing a comparison of flood and ebb series. 
The first discriminant (Dl) describes 28.2 %of the total 
variation in the PyMS spectra. Successive discrimi- 
nants describe a far smaller part of the variation (D2: 
1.7 %; D3: 2.5 %) and will not be considered. Fig. 6 
shows the D1 scores of the flood and ebb tide samples. 
Increasingly negative values in this figure coincide 
with a more pronounced lipid character of the seston 
(especially C14 and C16 saturated fatty acids and phy- 
tadiene). The form of the curves shows a striking simi- 
larity with those of the biodegradability assays (Fig. 5). 
This similarity is expressed by very high correlation 
coefficients (Table 1).  Again the conspicuous peak on 
23 May appears, and the consistent difference 
between flood and ebb tide samples between 11 June 
and 8 August. The PyMS data thus indicate that differ- 
ences in the biodegradability of POM are based on 
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Fig. 6. PyMS analysis of seston samples: scores of the first 
discriminant. Seston samples were collected during flood 

and ebb tides in the salt marsh creek 

changes in the ,chemical composition of the samples. 
The PyMS data furthermore indicate, in agreement 
with the data on biodegradability, that during the 
larger part of the year inundation of Saeftinge does not 
influence the characteristics of seston-POM very 
much. 

Further insight in changes in POM characteristics is 
obtained by plotting the chl (a + b) to POC ratio of the 
seston samples (Fig. 7). The resulting curves are very 
similar to the results describing biodegradability and 
chemical composition (Table 1). This finding indicates 
that the changing pattern of seston-POM characteris- 
tics is strongly determined by the varying contribution 
of chlorophyll-containing particles to the POM pool. 
Most probably, these particles were microscopic phy- 
toplankton cells: in the period of high chl/POC ratios 
(May-July), macroscopic green fragments from other 
primary producers, i.e. macro-algae or vascular macro- 
phytes, generally were not visible on the POM-filters. 

month 

I -.m- Rood tide + ebb tide I 
Fig. 7 Chl (a + b) to POC ratios in seston samples collected 

during flood tide and ebb tide in the salt marsh creek 

DISCUSSION 

Seasonal changes in POM characteristics 

The curves of CO2 production and of the discrimi- 
nant scores show that the microbial degradability and 
the chemical composition of estuarine seston is subject 
to conspicuous seasonal changes. Moreover, the re- 
markable agreement between degradability and 
chemical signature clearly indicates that changes in 
degradability are primarily determined by chemical 
characteristics and not by other factors such as par- 
ticle size (cf. e.g. Hargrave 1972). The similarity in 
results found with such widely different methodolo- 
gies as a microbial biodegradability assay and PyMS 
can be a useful feature for other studies of estuarine 
seston. 

The period May to the beginning of August ex- 
cepted, the D1 scores show iittie temporal variation. 
Apparently, the seston POM in the estuary has a rather 
stable chemical composition during the largest part of 
the year; this composition is only conspicuously 
changed during the growing season of phytoplankton, 
when the seston is enriched with algal cells (see 
below). The relatively low microbial CO2 production 
on POM samples obtained in the first and the last part 
of the year indicates that the organic matter in these 
periods is made up of refractory compounds. This con- 
clusion is supported by the PyMS data: the individual 
mass spectra of the samples (not shown) point to the 
presence of lignin-derived compounds, degraded poly- 
saccharides and fragmented long aliphatic molecules; 
these compounds are suggestive of highly decom- 
posed organic material. Apparently, the POM in the 
estuarine water consists of aged organic material most 
of the year. An obvious component may be allochto- 
nous organic material from the river drainage basin 
which has lost its degradable compounds during trans- 
port to the estuary (cf. Van Es & Laane 1982, Laane et 
al. 1987). 

The dominant factor influencing the seasonal 
changes in degradability and chemical composition of 
POM in the Westerschelde apparently is the relative 
enrichment of the POM with phytoplankton. The 
stable, relatively refractory character of the seston- 
POM changes dramatically when chl/POC ratios in- 
crease. Chlorophyll levels in the estuarine (flood tide) 
water peak on 23 May and 23 July, coinciding with 
high chl/POC ratios. A number of studies have shown 
that carbon to chlorophyll ratios of phytoplankton 
range from about 20 to greater than 100 (e.g. De Jonge 
1980 and references therein, Hewes et al. 1990). 
Assuming a carbon to chlorophyll ratio of 50, the phy- 
toplankton C contribution to the total seston-POC pool 
would rise from a low value of 1 % in January to peak 
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Fig. 8. Estimated phytoplankton carbon contribution to 
total seston-POC in the Westerschelde near Saeftinge. 
Percentages calculated using a carbon to chlorophyll ratio of 

50 in the phytoplankton cells 

values of 48 and 16 % on 23 May and 23 July, respec- 
tively (Fig. 8). This phytoplankton may be of local ori- 
gin. Studies on planktonic primary productivity in the 
Westerschelde show that near Saeftinge productivity 
strongly increases from April onwards, reaching peak 
values in June/July (1 to 2 g C m-2 d-'); a discrete, 
lower, second production peak early in August was 
found in 1989, but not in 1991 (J. Kromkamp pers. 
comm.). The enrichment of the POM with phytoplank- 
ton strongly increased its degradability, a finding 
which is in agreement with other studies showing that 
the degradability of estuarine POM increases with 
higher chlorophyll levels (Van Es & Laane 1982, 
Hargrave & Phillips 1989). 

Salt marsh inundation and POM characteristics 

Only during a short period of the year, 11 June to 
8 August, did inundation of Saeftinge result in consis- 
tent differences in the microbial degradability and 
chemical characteristics between the flood period and 
ebb period POM samples. The POM leaving the marsh 
during the ebb was, on a carbon weight basis, more re- 
fractory than the flood tide POM. One reason for this 
phenomenon may be found in the relatively large 
change in the chlorophyll to POC ratio during salt 
marsh inundation in this period. The average chloro- 
phyll levels in the flood tide water were 7 to 30 % 
higher than in the ebb tide water in this period (results 
not shown), whereas the average POC content in ebb 
tide water was relatively high compared to flood tide 
levels (Fig. 4). It is unclear, however, why the consis- 
tent shift in seston characteristics was limited to this 
specific period. This period excepted, inundation of 
Saeftinge seemed hardly to affect the microbial de- 

gradability and the chemical composition of POM in 
the inundating water. This suggests that exchange of 
particulate organic matter during inundation is limited, 
and, consequently, that the export of halophyte detri- 
tus as seston particles from the marsh also is limited. 
This tentative conclusion is in agreement with earlier 
investigations in a coastal salt marsh south of the 
Westerschelde estuary (Het Zwin) which yielded no 
evidence for an increase in halophyte-derived lignin 
compounds in water leaving the area during ebb 
(Hemminga et al. 1992). Thus, insignificant efflux 
of halophyte-derived seston POM from western 
European salt marshes may be more the rule than the 
exception. It is uncertain to what extent our findings 
on this point contrast with the situation in the 
Spartina alterniflora-dominated salt marshes of North 
America. As mentioned in the introduction, S. 
altemiflora-derived material generally is considered to 
be a source of POC for the tidal water. Indeed, detrital 
particles of S. alterniflora have been identified in salt 
marsh creeks (Odum & de la Cruz, 1967, Roman & 
Daiber 1989) and in water adjacent to salt marshes 
(Cranford et al. 1987). In other studies, however, the 
contribution of S. alterniflora particles to seston-POM 
in a tidal creek was apparently absent (Haines 1976), 
or it was evident from budget calculations that primary 
production within the creeks and not efflux from the 
vegetated marsh could account for by far the largest 
part of the tidal carbon export (Dame et al. 1991). 
Studies of the specific sources of POM in tidal water 
flowing from these S. alterniflora-dominated marshes 
therefore would be interesting. 

An assessment of the exchange of POM and, more 
specifically, the export of halophyte-derived organic 
material from a given salt marsh is complicated by sev- 
eral factors. In the first place, heavy rainshowers and 
storms may lead to the export of large pulses of coarse 
and small particulate organic material from the salt 
marsh (Chalmers et al. 1985, Wolaver & Spurrier 1989, 
Roman & Daiber 1989). Sampling during these epi- 
sodic events in the tidal creeks of Saeftinge has been 
beyond our capabilities so far. Secondly, large marsh 
systems such as Saeftinge may be composed of sub- 
systems having different properties with respect to 
material fluxes (cf. Dame et al. 1991). Thirdly, halo- 
phyte detritus may also leave the salt marsh as floating 
macromaterial. This may happen during storm events, 
but thin trails of debris leaving the marsh can also be 
seen during calm weather. Plant debris transported 
with the tides from Saeftinge can be found on many 
places along the estuarine dikes and salt marshes 
(Hernminga et al. 1990). The export of this macromate- 
rial has not been quantified for the Saeftinge marsh, 
but studies in other salt marshes show that the export 
of macrodetritus represents only a small proportion of 
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the annual primary production (Dame K Stilwell 1984, 
Dankers et al. 1984). 

With the provisos mentioned in the foregoing, our 
finding that inundation of Saeftinge had little or no im- 
pact on seston-POM characteristics most of the year 
can be taken as an indication that the Saeftinge salt 
marsh, large as it is, is an irrelevant factor in determin- 
ing the nature of the POM in the Westerschelde estu- 
ary. Laane et al. (1987) used the caloric content of POM 
to assess its nutritive value to heterotrophic organisms. 
They concluded from a study of POM in the Ems- 
Dollard and Gironde estuaries, that variations in POM 
quality could be correlated with differences in biomass 
and production of macrobenthos. The present results 
make it unlikely that the functioning of pelagic and 
benthic foodwebs in the Westerschelde estuary will 
be influenced by effects of salt marsh inundation on 
seston-POM quality. 

When we ccmpare the present results with those ob- 
tained in Het Zwin (Hemminga et al. 1992), it is clear 
that inundation has different impacts on seston-POM 
characteristics in these marshes. In Het Zwin inunda- 
tion resulted, throughout the year, in consistent shifts 
in biodegradability and chemical characteristics. 
Undoubtedly, one reason for the difference between 
Saeftinge and Het Zwin is found in the contrasting hy- 
drodynamic features of the tidal water body in these 
marshes. The tidal water flow in the only entrance 
channel of Het Zwin shows a strong asymmetry. Peak 
flow velocities are found during the flood tide. 
Furthermore, in contrast to the rapidly incoming flood 
tide, outflow of the water during ebb tide lasts much 
longer and coincides with slowly decreasing water lev- 
els (Van Kleef et al. 1989). These characteristics will 
allow sedimentation of particles from the water. This 
process probably is less pronounced in the tidal creek 
of Saeftinge that was sampled in this study, where 
peak flows are found at ebb tide, and the duration of 
flood and ebb tides is approximately equal. Likewise, 
resuspension of biotic and abiotic particles from the 
marsh surface may differ between the marshes, de- 
pending on the local hydrodynamic processes, and on 
sediment characteristics and group-specific attach- 
ment of bentkic microbial organisms (De Jonge 1985). 
Finally, clear differences exist in the chemical charac- 
teristics of estuarine seston particles as the influence of 
the sea increases towards the mouth of the estuary 
(e.g. Eisma et al. 1985, Laane et al. 1987, Saliot et al. 
1988, Schoer 1990). We may speculate that these dif- 
ferences coincide with differences in the physical char- 
acteristics of the seston-POM particles in seawater and 
in estuarine water, e.g. with respect to sedimentation 
and adhesion, and thus contribute to the discrepancy 
in tidal exchange characteristics between Het Zwin 
and Saeftinge. 
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