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SUMMARY 

The long-term monitoring series as runs in the coastal ecosystem of the Wadden Sea 

revealed that the decrease of dissolved inorganic nitrogen (DIN) and dissolved inorganic 

phosphorus (DIP) loads was especially successful for DIP after the 1980s. In order to reverse 

eutrophication, measures have been implemented in order to decrease DIN. However, these 

measures were not successful, resulting in an increase in the DIN:DIP to above the Redfield ratio 

of 16. Monitoring data of nutrients and chlorophyll-a (Chla) were used as a proxy for 

phytoplankton biomass in the western Dutch Wadden Sea. These data suggest that DIP is 

currently limiting the growth of primary producers. However, there is not much experimental 

data that supports the occurrence of P limitation of primary producer communities in the 

Marsdiep basin. Therefore, field surveys and a series of nutrient enrichment experiments were 

conducted in the Marsdiep basin aiming at the identification of the limiting nutrient for the 

phytoplankton community.  

A long-term data series of phytoplankton and water quality has been obtained from the 

NIOZ sampling jetty, a station close to the Marsdiep inlet. In order to be able to extrapolate these 

data to a larger area, such as the whole Marsdiep basin, the spatial and temporal dynamics of the 

phytoplankton community has to be known. The different scales of variation in phytoplankton 

community were investigated by carrying out surveys during different phases of the development 

of phytoplankton during the growth season and at different locations in the Marsdiep basin 

(chapter 2). Sampling was routinely done at high and low tide. There were no significant 

differences in the physicochemical parameters or the phospholipid fatty acid (PLFA) 

composition between low or high tide. From these results it was concluded that the NIOZ 

sampling jetty data at high tide reflect the situation in the Marsdiep basin. The influence of the 

episodic freshwater discharges from Lake IJsselmeer into the Marsdiep basin caused spatial 

differences in the nutrient concentrations, particulate organic matter and phytoplankton species 

composition (PLFA composition from the CHEMTAX analysis), which, consequently, may 

influence phytoplankton productivity in the Marsdiep area.  

In order to verify the conclusions drawn from the monitoring data of nutrients and 

phytoplankton dynamics in the Marsdiep basin, multiple nutrient enrichment experiments were 

carried out under laboratory conditions with natural phytoplankton communities sampled from 

the NIOZ sampling jetty during the spring bloom (chapter 3). These measurements were 

combined with assays of the physiological status of the phytoplankton. The characterization of 

the underwater light field strongly suggested that the light was not limiting phytoplankton 

growth during the spring bloom nor after the remainder of the growth season. However, nutrient 

concentrations and ratios suggested a possible limitation by either phosphate or silicate. We 

observed a highly dynamic phytoplankton community with regard to species composition and 

growth rates. The phytoplankton succession from diatoms to Phaeocystis globosa that took place 

in the Wadden Sea and in the coastal North Sea occurred also in the natural phytoplankton 

assemblage at the NIOZ sampling jetty, which were used for the bioassay experiments. The 
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results of the bioassays indicated that the changes in Chla, photosynthetic efficiency (Fv/Fm), the 

expression of alkaline phosphatase activity, and the 
13

C stable isotope incorporation in 

particulate organic carbon, pointed to P limitation, although there was a short period of Si-P-co-

limitation of the diatoms. The conclusion drawn in chapter 3 was that the limited availability of 

inorganic P influenced in the photosynthetic parameters and the net growth rates of 

phytoplankton. The net growth rates of the diatoms were low as a result of grazing losses.  

The outcome of chapter 3 supported the hypothesis that the phytoplankton during the spring 

bloom experienced P limitation and that this limitation resulted in a low phytoplankton biomass. 

Chapter 4 continues this research and reports on the effect of P limitation on the composition of 

the phytoplankton community.  

Nutrient limitation influences the physiological and biochemical properties of 

phytoplankton and its growth rate and this is also true for P limitation. A series of short term 

(24h) phosphate enrichments were performed at different locations of the western Dutch Wadden 

Sea from mid-spring to early autumn, covering the phytoplankton seasonal cycle. This allowed 

us to follow the response of natural phytoplankton assemblages after P addition (chapter 4). 

During spring (April and May), the phytoplankton community responded to P addition by 

increasing the rate of C-incorporation into PLFA. However, not every phytoplankton taxon 

responded equally to this phosphate addition. In particular, the Bacillariophyceae were P-limited 

and were a poor competitor when compared to other phytoplankton groups. At the end of the 

spring bloom in May, P concentrations increased and induced spatial differences in 

phytoplankton P status (P-limited and P-replete). The threshold for P limitation in phytoplankton 

ranged from 0.11-0.17 µmol L
-1

. During the spring bloom (April and May sampling periods), 

most phytoplankton expressed alkaline phosphatase (AP), an enzyme synthesized under P 

limitation and capable to hydrolyze a broad range of DOP (especially those with 

phosphomonester bonds). Subsequently, phytoplankton recovered from P limitation and the 

concentration of soluble reactive phosphorus (SRP) rose from 0.11-0.17 (May) to 0.4-0.6 µmol 

L
-1

 (September). Nevertheless, about 40% of the cells still expressed AP. A threshold of P 

concentration for APA synthesis is not expected to be similar between sampling months because 

some cells were P-limited at lower SRP concentrations during the spring sampling.  

It was investigated whether MPB is suspended into the water column of the Marsdiep 

(Chapter 5). In order to answer this question, benthic and pelagic microalgae were compared 

using two methodological approaches, i.e. the chemotaxonomic biomarker PLFA and denaturing 

gradient gel electrophoresis (DGGE). For DGGE, primers for cyanobacterial-16S rRNA- and 

general eukaryal-18S rRNA genes were used. The DGGE cluster analyses revealed a separation 

between the benthic and pelagic communities. The PLFA cluster analysis gave similar results as 

with DGGE, with the exception of an overlap of the benthic and pelagic communities in May-

June. This difference between the two methods could be attributed to different taxonomic 

resolution and physiological status of the studied communities. The DGGE cluster analysis 

revealed seasonal changes for the Eukarya, while this was not so much the case for the 

cyanobacteria. Despite the turbulent hydrodynamic conditions in the Marsdiep basin caused by 
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wind and tidal currents, no major suspension events of microphytobenthos (MPB) into the water 

column were observed.  

A method was developed for a two-dimensional quantification of MPB vertical migration 

and photosynthetic activity in different sediment depth layers using an imaging pulse amplitude 

modulated fluorescence (iPAM) (Chapter 6). Measurements were performed on cores from a 

muddy and sandy location. At the muddy site, epipelic MPB species migrated in the sediment 

and this appeared to be driven by endogenous rhythms. The cells started to migrate to the surface 

in darkness a few hours before low tide (hence, the changes were not triggered by light). The 

photosynthetic activity was highest during the middle of low tide. The migration patterns were 

present at all depth layers investigated (up to 2 mm). At the sandy sediment, the increase of 

surface biomass and photosynthetic activity was apparently caused by positive phototaxis. In 

addition to the fluorescence measurements, DI
13

C labeling in situ experiments were done at both 

locations. Although biomass was lower at the muddy site, C-fixation rates were higher in these 

sediments. At both sites more than 50% of the fixed C was recovered in glucose. The higher 

specific activity of the epipelic MPB of the muddy site was probably due to EPS production 

associated with the motility of the diatoms.  

Summarizing the main discoveries described in this thesis, it was demonstrated that the 

phytoplankton community in the Marsdiep basin of the western Dutch Wadden Sea was 

influenced by a variety of abiotic factors. P was a main limiting factor during the spring bloom 

which lasted until May and this had a strong influence on the phytoplankton biomass and 

composition. It became also clear that DOP needs to be better characterized in order to 

understand its source of P for phytoplankton growth. Lastly, MPB primary production needs to 

be included in future monitoring programs of the Wadden Sea because it will give a better 

understanding of the carrying capacity of this environment and bottom up regulation of higher 

trophic levels.  

  


