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1. Brief introduction into MONS

2. PhD projects Basis of the 
Foodweb

3. Plenary discussion
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NOOR ZE VERLEED O GMONS

North Sea Agreement

‘...outlines the real need for an 
integrated and systematic research 
and monitoring programme that 
forms the basis for knowledge about 
how the North Sea functions’
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NOOR ZE VERLEED O GThree transitions

What is the ecological capacity of the North Sea? Changes resulting from:
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Energy Nature & climateFood supply



NOOR ZE VERLEED O GAims

• Explain/predict the scope of these ecosystem changes
• Assess the gravity of the effects (scientifically)
• Communicate results to the parties to the North Sea 

Consultation (NSC), and the public
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Nutrients, 
Phytoplankton, 
Zooplankton Benthic Habitats

Marine Mammals

Pelagic Fish

Coastal & 
Marine Birds

Bats

Modelling

Measuring
(Research)

Monitoring
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NOOR ZE VERLEED O GTo be expected in 2025

• Monitoring: 
• Zooplankton continued, expanded
• Pelagic fish
• Primary production (ferrybox)

• Modelling
• Continuation building architecutre for mechanistic model 

instrumentarium

• Research
• Process research marine birds
• Process research base of the foodweb (7 PhDs)
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Dynamics of inorganic nutrients and suspended 
particulate matter in the water column

Bram van Prooijen, Claire Chassaigne (TU Delft)

Henko de Stigter, Karline Soetaert (NIOZ)
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NOOR ZE VERLEED O GIntroduction

• Primary production at the base of the North Sea food web is 
essentially determined by availability of inorganic nutrients and 
light. 

• Light regime in the water column is moderated by the presence of 
suspended particulate matter, comprising detritic minerals, 
skeletal material, non-living organic matter, and plankton.

• Physical (currents, turbulence) and biological processes (primary 
production, ..., ..., remineralisation) drive variation of inorganic 
nutrients and suspended particulate matter in the water column. 
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NOOR ZE VERLEED O GAims

• Inorganic nutrients
• Assess spatial and 

seasonal variability
• How is variability 

determined by physical 
processes (advection, 
mixing, stratification) and 
biological processes 
(uptake by plankton, 
remineralisation of organic 
detritus in water column 
and sediment?

3 October 2024 Noordzeedagen 12



NOOR ZE VERLEED O GAims

• Light and suspended 
particulate matter
• How do concentration, 

composition and 
aggregation state of SPM 
affect light regime?

• Assess spatial and 
seasonal variability in SPM

• How do physical and 
biological processes 
determine variability?
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NOOR ZE VERLEED O GApproach

• Analysis of existing datasets (MWTL surveys, previous projects)
• Acquisition new data (MWTL CTD surveys and Ferrybox, cruises of 

opportunity)
• Interaction with MONS partners (PhDs base foodweb, modelling)
• Interaction with BACI, Wind op Zee, …?
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CTD and boxcores
CTD (entire water column, 13 h):
- Light (PAR sensor)
- Turbidity (OBS en ABS)
- Current velocity (ADCP)
- Turbulence (ADV)
- Particle size (LISST, FlocCam)
- Nutrients, SPM, SPOM, Chla 
    (Niskin water samples)

Boxcores:
- Sediment particle size, bulk 

composition, POC, Chla
- Erodibility (Gust chamber)

15
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Link with BACI
Sand pit Ameland3 October 2024 Noordzeedagen 16



NOOR ZE VERLEED O GIntegration

• Links with other MONS PhDs
• Nutrient dynamics are a function of uptake by phytoplankton 

(→link with PhD3) and remineralization of organic matter in the 
water column and sediment (→ link with PhD2)

• Of the suspended particulate matter in the water column 
phytoplankton is an important component (→link with PhD3).

• In broader context
• A better definition of different fractions of suspended particulate 

matter in the water column and their spatial and seasonal 
variability will contribute to refining ecosystem models

• Suspended particulate matter dynamics → links with BACI, Wozep
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NOOR ZE VERLEED O GSupervisory team/contact

• Bram van Prooijen (TU Delft), b.c.vanprooijen@tudelft.nl
• Claire Chassaigne (TU Delft), c.chassagne@tudelft.nl
• Henko de Stigter (NIOZ-Tx), henko.de.stigter@nioz.nl
• Karline Soetaert (NIOZ-Ye), karline.soetaert@nioz.nl

3 October 2024 Noordzeedagen 18



NOOR ZE VERLEED O GNOORDZEEOVERLEG

Nutrient cycling in the sandy North Seafloor

Peter Kraal*, Furu Mienis, Rob Witbaard, Karline Soetaert,
Tjisse van der Heide (NIOZ-RUG)

(*peter.kraal@nioz.nl)
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NOOR ZE VERLEED O GIntroduction

• Project 2: Geochemical and 
biological seafloor diversity in 
the North Sea
• Research focus: nutrient cycles 

supporting the food web

Nutrients

Nitrogen Silicon

Phosphorus
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NOOR ZE VERLEED O GIntroduction

• Who cares about the 
seafloor
• Important in nutrient 

budgets of shallow seas
• Benthic-pelagic coupling

Recycling from seafloor

Nitrogen

Silicon
Phosphorus
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NOOR ZE VERLEED O GIntroduction

Geochemistry meets biology
• Microbial transformations
• Flows modulated by fauna
• Sandy seafloor poorly understood
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NOOR ZE VERLEED O GAim and objectives

• Aim
• Constrain role sandy seafloor in North Sea nutrient 

budgets and carrying capacity

• Determine

• Variability seafloor-water column nutrient fluxes in 

time (seasons) and space (habitats)

• Role of fauna in modulating nutrient fluxes (food web)

• Impact of environmental conditions on nutrient fluxes MODEL

FIELD

LAB
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NOOR ZE VERLEED O GApproach

• Core incubations on deck (fluxes)

• Sediment analysis (nutrient burial)

• Controlled experiments 

(repsonse to environmental change)

• In-situ measurements (fluxes)
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Species richness

WMRwms NZ2030
Schaaf Spec Rich

MWTL monitoring

Infohuis Marien

Seafloor type
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NOOR ZE VERLEED O GIntegration

• Links with other MONS PhDs
• Benthic-pelagic coupling affects 

nutrient budgets and plankton 
growth

• In broader context
• WOZEP, ASSESS (impact OWFs on 

seafloor ecology)
• MWTL boxcore-program
• MSFD (seafloor integrity, 

eutrophication)
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NOOR ZE VERLEED O GImpact
PRESSURES
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NOOR ZE VERLEED O GImpact
Fisheries / MPAs Infrastructure Sand extraction
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NOOR ZE VERLEED O GSupervisory team/contact

Promotor
Tjisse

Co-promotor
Furu

Dagelijkse begeleiding

Co-promotor
Peter

Karline

Rob

• peter.kraal@nioz.nl (first contact)

• furu.mienis@nioz.nl
• t.van.der.heide@rug.nl
• rob.witbaard@nioz.nl
• karline.soetaert@nioz.nl
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Phytoplankton – Zooplankton
interactions in a changing North Sea

Susanne Wilken (UvA) & Eleonora Puccinelli (NIOZ)
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NOOR ZE VERLEED O GThe base of the food web

Worden et al. 2015 Science

PhD-3 PhD-4
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NOOR ZE VERLEED O GAim and objectives

Assess how changes in the abiotic environmental conditions
will impact:
• Phytoplankton community composition and productivity
• Interactions between phytoplankton and zooplankton consumers

Potential drivers for shifts in the plankton
• Nutrients & light ➔ primary production, food quality & trophic transfer
• Stratification➔ smaller phytoplankton & zooplankton species
• Oligotrophication➔mixotrophic species, strongly reduced productivity
• Eutrophication & warming ➔ Harmful algal blooms
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NOOR ZE VERLEED O GUnbalanced nutrient supply
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NOOR ZE VERLEED O GUnbalanced nutrient supply
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NOOR ZE VERLEED O GUnbalanced nutrient supply

Van de Waal et al. 2010 Fron. Ecol. Envir.
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NOOR ZE VERLEED O GVariation in food quality
• High lipids (PUFA/Omega-3) indication good food 

quality
• Phytoplankton main source PUFA/Omega-3
• Affected by variation in temperature

Colombo et al. 2020 AMBIO

Food 
quality
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MONS PhD-1 
Nutrient dynamics

Time series and Cruises
Time series analysis

MONS PhD-5-7 
zooplankton monitoring

MWTL data & NIOZ Jetty
phytoplankton & env. conditions in time & space

Research cruises
Field samples & on-board assays

PhD 3 
Phytoplankton

Resource limitation
(on-board bioassays)

PhD 4 
Zooplankton

Grazing rates
(copepods & microzooplankton)

PhD 3

community composition, 
Stoichiometry, fatty acid & stable isotope composition
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NOOR ZE VERLEED O GProposed experiments

With natural plankton communities from the North Sea

Experimental factors:
➢ N:P ratios
➢ Light conditions
➢ Temperature

• Changes in plankton community composition
• Changes in size distributions
• Changes in food quality & trophic transfer efficiency

Mesocosm Laboratory

Various small-scale experiments

PhD 3 
Growth rates

Temperature responses
Biochemical
composition

PhD 4 
Grazing rates

Temperature responses
Differences in food quality

(omega-3)

PhD 3 
Phytoplankton

PhD 4 
Zooplankton
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NOOR ZE VERLEED O GImpact

• Identify main drivers affecting plankton communities and food quality in the North Sea 
• Such impacts might have cascading effects on higher trophic levels
• Prioritize management strategies 

Global warming

Intensified shipping
Ocean acidification

Stratification

Light conditions
Wind mill parks

Marine farms

Changes in                 the North Sea
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NOOR ZE VERLEED O GSupervisory team

Prof.dr. Jef Huisman (UvA)

Prof.dr. Corina Brussaard (NIOZ & UvA)

Prof.dr. Katja Philippart (NIOZ &UU)

Prof.dr. Myron Peck (NIOZ & WUR)

Dr. Susanne Wilken (UvA)

Dr. Susanne Wilken (UvA)

Dr. Anouk Blauw (Deltares)

Dr. Eleonora Puccinelli (NIOZ)

PhD-3 Phytoplankton

PhD-4 Zooplankton
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MONS-Zooplankton proceSS studies 
(MonZooSS)

Dick van Oevelen, Karline Soetaert, Myron A. Peck
Lodewijk van Walraven, Robbert Jak

Reindert Nijland 
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Phytoplankton

Fish (larvae)

Zooplankton

Herbivorous pelagic North Sea food web

in phytoplankton biomass in the North Sea appears to have been

stepwise, around 1988 (Raitsos et al., 2014), and has been character-

ized as a “regime shift” (Dippner, M€oller, & H€anninen, 2012; Reid,

Borges, & Svendsen, 2001). If both phytoplankton biomass and pri-

mary production indeed showed a stepwise increase in the late

1980s, then the current study suggests that in the following, more

recent period, levels again declined substantially.

4.2 | Considerations on the method adopted for

estimating primary production

The semi-empirical algorithm based on chlorophyll and light climate

(Equation 1) explained 86% of variability in primary production

(Methods S1), when compared with in situ estimates collected in

2007. This percentage is comparable with values obtained by Cole

and Cloern (1987; over 80% of variability explained). Chlorophyll

concentration on its own has been shown to explain approximately

70% of the variability in production (see e.g., example Gowen &

Bloomfield, 1996; Joint & Pomeroy, 1993); however, in 2007,

chlorophyll accounted for only 31% of the variability in production

(Fig. S4b). Instead, surface irradiance (E0) explained 46% of variation

in production (Fig. S4c), hence the inclusion of the “light” term

(4.61/ Kd*E0) in Equation 1, for estimating production.

Although the semi-empirical algorithm seemed producing reliable

estimates of production, Equation 1 presents some limitations. Being

estimated from data collected during a single year (2007) and at two

locations (central and southern North Sea), it may not fully capture

the interannual and spatial variability in the photosynthetic capacity

of the phytoplankton community of the wider North Sea. In fact,

phytoplankton maximum photosynthetic rate (Pmax) and photosyn-

thetic efficiency (a) are affected by factors such as nutrient regime,

light history, time of the day, temperature, phytoplankton species

composition, phytoplankton cell size, and volume (see review by

Côte & Platt, 1983). The temporal and spatial variability of these fac-

tors, combined with other potential source of errors during sampling

and analysis of in situ data, is a source of uncertainty; this is not

accounted for in this study and could be the reason for the intercept

of Equation 1 being significantly different from zero (Methods S1).

Quantifying the uncertainty around the estimates of production is an

important challenge for future works as it should also include the

variations in the between and within year trends of chlorophyll and

Kd, and the variation of the imputed data from the Gaussian kernel

smoother.

This study may also not account fully for variations in the cellu-

lar chlorophyll content of phytoplankton organisms: in the equa-

tion adopted for calculating PP (Equation 1), chlorophyll

concentration is assumed proportional to phytoplankton biomass.

The carbon-to-chlorophyll ratio (h), however, may be affected by

nutrient and light stress (Behrenfeld et al., 2016). Indeed, a mis-

match between trends in chlorophyll and phytoplankton biomass

has been observed in coastal and offshore waters off the Nether-

lands (decreasing chlorophyll but increasing biomass); this was

attributed to changes in the phytoplankton community, and in the

nutrient and light regimes over 20 years (Alvarez-Fernandez &

Riegman, 2014). It is not known whether this trend in h is limited

to coastal waters of the southern North Sea or representative of

the wider North Sea. However, as our estimates of PP are based

on chlorophyll, an increase in h (reduction in chlorophyll but

increase in biomass) could result in our values of PP being underes-

timated.

Another reason that our analysis could underestimate total pri-

mary production is that it included the upper water layers but did

not account for deep chlorophyll maxima, which are commonly

observed in stratified areas of the North Sea during summer. At

some locations during peak season, deep chlorophyll maxima may

account for >50% of water column productivity (Fernand et al.,

2013; Weston et al., 2005). Across the North Sea and across the

year, however, simulations by the GETM-ERSEM-BFM model indi-

cated that primary production below 15 m accounts for only 10% of

annual production (van Leeuwen et al., 2013). Hence, our figures

FI GU RE 3 Interannual variation in annual primary production, PP (gC m 2 year 1), mean abundance of small copepods (1,000 9 m 3) and

large copepods (m 3), and a standardized index of fish stock recruitment (including sandeel, sprat, herring, Norway pout, cod, haddock and

whiting), in the North Sea [Colour figure can be viewed at wileyonlinelibrary.com]
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Phytoplankton

Fish (larvae)

Holoplankton

Multitrophic pelagic North Sea food web
Continuous plankton recorder

Echinoderm larvae
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Phytoplankton

Meroplankton

Fish (larvae)

Holoplankton

Multitrophic pelagic North Sea food web
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Phytoplankton

Meroplankton

Fish (larvae)

Holoplankton

Multitrophic pelagic North Sea food web Continuous plankton recorder
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Phytoplankton

Meroplankton

Larvaceans

Fish (larvae)

Jellyfish

Holoplankton

Multitrophic pelagic North Sea food web
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PhD project 

Transfer of zooplankton
PhD project 

Future state
PhD project 

Role of meroplankton

time

Rebecca BüringHannah Kepner
Ties Maris

Check out their posters!3 October 2024 Noordzeedagen 48



NOOR ZE VERLEED O G

• Making use of strengths of innovative techniques, compensating 
for weaknesses of other techniques:
• Use Morphological identification of selected net samples for critical 

evaluation of other techniques and species ID confirmation

• Use DNA metabarcoding of net samples for detailed and holistic species 
composition

• Use sample scanning (zooscan) for biomass and global community 
composition estimates

• Use onboard plankton imaging for continuous sampling of plankton 
composition along the transect

Contributing to and using
MONS-Zooplankton monitoring 
data
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NOOR ZE VERLEED O G

Contributing to and using
MONS-Zooplankton monitoring 
data

• WP2 200 µm net samples and pelagic fish trawls 
at stations:
• One part fixed on DESS

• One part fixed on formalin

• Continuous sampling along the transect using:
• Hydroacoustics

• Plankton Imager
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NOOR ZE VERLEED O GOnboard Plankton Imaging
• Plankton Imager (PI10) developed by Plankton 

Analytics with CEFAS

• Autonomous and continuous underway sampling of 
mesoplankton composition 

• Does not interfere with ship operations

• Installed on:

RV Zirfaea

(water quality)

RV Tridens

(fisheries)

2025/2026
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NOOR ZE VERLEED O GOnboard Plankton Imaging
Holoplankton (incl. gelatinous) Meroplankton
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Copepods

Exuvia (empty skins)

Oikopleura

All Larvaceans: >40 ind L-1

Phaeocystis

Noctiluca
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PhD project 

Transfer of zooplankton
PhD project 

Future state
PhD project 

Role of meroplankton

time

Rebecca BüringHannah Kepner
Ties Maris

Check out their posters!3 October 2024 Noordzeedagen 55
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Discussion
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We would like to hear your input
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Questions?

Suggestions?

Remarks?
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Historical data for
comparison with MONS 

research and monitoring
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Feedback and
expectations in relation to

other programmes
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Feedback and
expectations in relation to

policy-relevant outputs
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Open discussion



NOOR ZE VERLEED O GFinal notes

Stay connected:
• Annual PhD days
• Annual Wozep-MONS ‘knowledge day’

• No-Regrets project 
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NOOR ZE VERLEED O GThank you
for your attention!
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