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A2. HPLC-analyses WQI

HPLC_analyses were performed by the DHI/ Water Quality Institute in Denmark.
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A3. Marine phytobentos, a short literature overview

Contribution by Mascha Dedert

A3.1 Introduction

Microphytobenthos consists of unicellular algae and cyanobacteria that live on the upper few
millimetres of illuminated sediment surfaces in coastal areas, such as estuaries. Generally,
microphytobenthos is dominated by diatoms, followed in abundance by cyanobacteria, euglenoids,
chlorophycean and dinophycean species (Cahoon, 1999). The estimations of primary productivity by
MPB in estuaries vary from 27 to 234gC m-2/y (Underwood and Kromkamp, 1999). In comparison,
phytoplankton primary productivity is calculated to vary from 7 to 875 27 to 234gC m-2/y. Despite
the fact that estuarine microphytobenthos (MPB) can contribute up to 50% of the total estuarine
carbon budgets (Underwood and Kromkamp, 1999), scientific research has predominantly focused
on the pelagic phytoplankton. However, in recent years, it has become clear that the impact of
microphytobenthos on ecosystem functioning is profound, covering aspects such as nutrient cycling
(Underwood and Kromkamp, 1999), food web dynamics (Gould & Gallagher, 1990), and sediment
stabilisation (Stal, 2010).

Microphytobenthos abundance and productivity is controlled by a range of conditions, varying from
strong gradients in physical, fluid, sediment, chemical, and biological properties (Miller et al., 1996).
As a means of mitigating the potential impact of damaging environmental conditions, benthic
diatoms apply a migratory strategy. The main drivers of migration through the sedimentary column
are light and tidal phases (Figure 1; Consalvey et al., 2004). In addition, migratory movement within
the biofilm seems to provide the cells with an additional mechanism to prevent damage to the cell’s
functions through e.g. overexposure to potentially damaging light levels, high temperatures,
desiccation and grazing, and has also been proposed as a means to avoid nutrient and/or CO2
limitation (Consalvey et al., 2004). Such strategies are thought to explain why photo inhibition rarely
occurs in intact microphytobenthic biofilms (Rasmussen et al., 1983).

Estuarine ecosystems provide optimal conditions for the growth of benthic microalgae, given the
high levels of irradiance reaching the bottoms and overall high availability of nutrients in such
environments (Cahoon and Safi, 2002). MPB is a significant source of organic matter and thus an
important contributor to the food web. The quantification of their role in carbon and nutrient cycling
will add to understanding how this group of benthic producers affect their surrounding environment
and ecology.

A3.2 Controls on biomass and productivity

Intertidal zones, such as estuaries, undergo large variations in environmental conditions. For
example, tidal changes, erosion, exposure and submersion, will all affect the productivity and
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biomass of MPB and result in differences in spatial and temporal distribution. MPB shows large

Fig. A3.1 Migration of benthic diatoms (source: Consalvey et al. 2004)

variations in biomass throughout year, with the highest biomass present in the summer and lowest
amounts of biomass formed during the winter months (Van der Wal et al., 2010). Apart from these
parameters, other bottom-up controls that mainly drive seasonal differences in MPB biomass cover
temperature (Colijn and De Jonge, 1984), wind intensity and tidal currents. The sediment
characteristics (i.e. grain size) is the main factor controlling the spatial distribution of MPB biomass.
For example, the diatom assemblage composition appears to differ between different sediment
types, resulting in variations in MPB biomass (Orvain et al., 2012). In addition to these physical
factors, biological controls, notably grazing, function as a top-down control on MPB biomass
(Blancard et al., 2001).

A3.3 Light

As for all other primary producers, microphytobenthos needs light for their photosynthesis process,
using wavelengths covering the 400-700nm spectrum, which is known as the photosynthetic active
radiation (PAR). Light is attenuated exponentially with depth depending on the attenuation
coefficient, thus light available to MPB is tightly linked to the bathymetry of the system. The
coefficient is affected by factors, for example, the amount of suspended particulate matter (SPM) in
the waters or density of phytoplankton cells. Eutrophication can affect the light availability on the
bottom through stimulating phytoplankton growth that attenuate light higher up in the water
column. As a result, photosynthesis in benthic primary producers can be depressed. Another
important process that decreases light availability at the bottom is the concentration suspended
particulate matter (SPM) in the water column. Anthropogenic activities such as dredging (de Jonge &
de Jonge (2002) can lead to increases of SPM as well as tidal currents that result in erosion of the
upper bottom layers.
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The Ems-Dollard waters are known for its high nutrient loads that can promote dense phytoplankton
blooms. In addition to the attenuation of light intensity in the water column by these blooms, SPM is
present in high concentrations in the Ems-Dollard, further reducing the amount of light reaching the
bottom. As benthic primary production is largely controlled by nutrient concentrations and light
intensity, any fluctuations in both parameters will result in changes in the productivity of
microphytobenthos.

Overall, MPB has the ability to adapt to changes in light availability. Particularly, benthic diatoms
seem to be able to adjust well and can survive periods of time with only a few percent of incident
light (Larson and Sundback, 2008). In addition to migrating vertically, they can regulate their
photosynthesis to prevalent light intensities (Glud et al., 2002). Light availability decreases to a few %
within the upper few millimetres. This sharp decrease in light availability results a biofilm made up of
layers of different benthic primary producers with each their own light intensity requirements; a top
layer formed by diatoms, followed by cyanobacteria and finally by photosynthetic purple sulphur
cyanobacteria (McGlathery et al., 2013).

A3.4 Nutrient availability

Benthic microalgae can acquire their nutrients from the overlaying water or from the sediments.
Nutrient input into the ecosystem can take place from external sources, such as atmospheric
deposition and transport via rivers, or made available in the ecosystem through nutrient recycling.

Studies on the effects of eutrophication on microphytobenthos have shown that under high nutrient
conditions, the primary limiting factor in productivity of microphytobenthos is light (Stutes et al.
2006). On the whole, nutrient concentrations are considered not to be a limiting factor for MPB
productivity (Underwood and Kromkamp, 1999). However, nutrient limitation in MPB is linked to
sediment composition, and can occur in sandy sediments although under sufficient advective
transport the nutrient availability can support a high MPB productivity (Billerbeck at al., 2007).
Microphytobenthos assemblage composition can be affected by nutrient availability, with high
nutrient concentrations resulting in increased abundances of cyanobacteria and purple sulphur
bacteria, whereas low nutrient availability promotes high diatom abundance (Armitage and Fong,
2004).

The temperature of the sediments and CO2 availability to the cells can be of importance to the
benthic primary production. Particularly, in a biofilm with a high density of cells, CO2 may be limiting
to the primary production (Jesus et al., 2005). The surface sediment temperature can vary by 10°C
within a few hours (Harrison 1985) and is thought to affect the photosynthetic rates of MPB (Morris
and Kromkamp, 2003).

Determining the productivity of MPB is complicated as various factors are of influence, such as
photosynthesis, nutrient availability and sediment optics. Also, estuaries and coastal regions show a
large variability in space and time, making good measurements of MPB productivity complicated.
Furthermore, aspects such as vertical migration and differences between the various MPB species
that make up the assemblages should preferably be taken into account.
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A3.5 Methods of measuring productivity

Photosynthesis by MPB takes place in a thin layer of the sediment that is penetrated by light. The
rates of photosynthesis in this layer are controlled by sharp gradients in various factors, such as light,
temperature and nutrient availability. However, abundance patterns are more diffuse due to active
migration (Cadee & Hegeman, 1974) or hydrodynamical processes and bioturbation (Cadee, 1976),
and stretch up to several centimetres in muddy sediments and up to 8 centimetres in sandy
sediments (Saburova & Polikarpov, 2003). Vertical migration allows MPB to control their nutrient
uptake and avoid limitation.

For determining the potential impact of benthic primary producers on the ecological conditions in
estuaries and coastal regions, several methods can be applied to measure MPB primary production.
In general, productivity can be measured by analysis of chlorophyll content of the cells in the upper
sediment layer as an indication of biomass, and *C assimilation measurements (Macintyre et al.,
1996). For these analyses, the MPB present in upper 2mm of 5 sediment cores is isolated and either
analysed for chla content or photosynthetic parameters are determined through incubation with a
known concentration of **C-labeled bicarbonate. A relatively new method using variable
fluorescence techniques provides a non-intrusive means of measuring photosynthetic activity
(Kromkamp et al., 1998). However, each of these methods has disadvantages. For example,
processing the sediment cores for analysis destroys the natural gradient (Cibic et al, 2008). In case of
the variable fluorescence method, no methodological consensus is lacking. Another point of critic is
the fact that these methods do not take into account the variations in species composition or long-
term changes therein. Furthermore, migration of microphytobenthos is largely overlooked whereas
for modelling studies a homogenous distribution of biomass with depth is assumed (Spilmont et al.,
2011).

Considering the different factors affecting the distribution of MPB on and within the sediment, a
sampling strategy that takes these factors into account and focuses on obtaining representative
samples is vital for a correct measurement of biomass and production. Spilmont et al. (2011)
calculated that conventional methods of sampling can result in an error of about 40%, in case of
insufficient sampling density. In order to minimise a sampling error, the number of sampling is best
based on the heterogeneity of the MPB distribution in the sampling area. Furthermore, MPB starts to
migrate downward into the sediment about 30 to 60 minutes before the tide returns (Kromkamp and
Forster, 2006). Not taking this process into account during sampling will create an additional bias.

A3.6 Ecological impact

Coastal waters have long been under influence of high nutrient loads that have stimulated primary
productivity in the water column. As a result, attenuation of light by phytoplankton in the water
column has hampered benthic primary production. Since several decades, the problems with
eutrophication are decreasing due to more stringent regulation. A potential effect of this decrease is
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a decline in phytoplankton biomass is an increased light availability at the sediment surface and
concomitant an increased productivity by MPB (Lake and Brush, 2011). In addition, these authors
note that if nutrients have accumulated in the sediments, MPB productivity may benefit from high
nutrient concentrations that they can retain in the sediment as MPB can function as a sediment cap.
By the formation of EPS, diatoms bind sediment particles which prevent sediments from becoming
eroded or suspended. Through this mechanism, sediment stabilisation may also further increase,
thereby decreasing turbidity caused by tidal currents.

Furthermore, under light conditions, the influence of benthic microalgae on nutrient fluxes between
sediment and overlying waters is often expressed as lower fluxes, or no flux at all (Sundback and
McGlathery, 2005), which will impact pelagic primary producers. Consequently, organisms higher in
the foodweb could be affected. Nonetheless, up to half of the food resource of filter feeders can
consist of resuspended benthic microalgae (De Jonge and Van Beusekom, 1992), and may
compensate for a decreased primary productivity by phytoplankton.
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A3. Quality Assurance

IMARES utilises an 1ISO 9001:2008 certified quality management system (certificate number: 124296-
2012-AQ-NLD-RvA). This certificate is valid until 15 December 2015. The organisation has been
certified since 27 February 2001. The certification was issued by DNV Certification B.V. Furthermore,
the chemical laboratory of the Fish Division has NEN-EN-ISO/IEC 17025:2005 accreditation for test
laboratories with number L097. This accreditation is valid until 1th of April 2017 and was first issued
on 27 March 1997. Accreditation was granted by the Council for Accreditation.

IMARES report C160/14

295



Ems-Dollard primary production research, full data report

IMARES report C160/14 296



Ems-Dollard primary production research, full data report

A4. Justification

Report C160/14

Project Number:

The scientific quality of this report has been peer reviewed by a colleague scientist and the head of

4306119901

the department of IMARES.

Approved:

Signature:

Date:

Approved:

Signature:

Date:

IMARES report C160/14

Dr Pauline Kamermans

Senior researcher aquaculture

2015-07-02

Drs Jakob Asjes

Head Ecosystems Department

2015-07-02

297



