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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

FIGURE 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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• Integrate zooplankton monitoring into existing monitoring 
programmes to link data with higher and lower trophic levels:

• Match methodology with existing surveys of neighbouring
countries

• Using innovative techniques:

Designing a novel plankton 
monitoring programme

7Microscope 
ID

Meta-
barcoding

Sample
scans

Onboard 
imaging



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)

2025/20262024
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Holoplankton (incl. gelatinous) Meroplankton
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Copepods

Exuvia (empty skins)

Oikopleura

All Larvaceans: >40 ind L-1
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1. Monitoring container on-board Zirfaea

2. Additional net sampling during the Zirfaea monitoring cruises

3. Zooplankton sampling at the NIOZ jetty (Marsdiep) for high temporal resolution
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1. Monitoring container on-board Zirfaea
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Filtration Pi-10 Cytosense

Pocketferrybox Microscoop Computers

1. Monitoring container on-board Zirfaea
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WP2 net for small zooplankton

2. Additional sampling during the Zirfaea monitoring cruises

Ring net for gelatinous zooplankton
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PhD project 

Transfer of zooplankton
PhD project 

Future state
PhD project 

Role of meroplankton

time

Rebecca BüringHannah Kepner
Ties Maris
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• Step 1: Determine the trophic structure of zooplankton 
in the Dutch part of the North Sea

• Step 2: Diet composition and predation of zooplankton 
by pelagic fish and jellyfish

• Step 3: Linking predator-prey 
distribution patterns and 
predation of zooplankton 
by pelagic fish and jellyfish

Hannah Kepner

hannah.kepner@nioz.nl

Transfer of zooplankton biomass to higher trophic levels 
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• Step 1: Spatial and temporal 
mapping of meroplankton

• Step 2: Grazing rates on phytoplankton 
by meroplankton and trophic 
transfer to higher levels

• Step 3: Assess the trophic role of meroplankton in the 
pelagic food web

Investigating the trophic role of meroplankton in the Dutch North ea

Rebecca Büring

rebecca.buring@nioz.nl
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• Step 1: Find out which predictors
most influence zooplankton 
species distribution, using 
historical data and experimental 
work

• Step 2: Create habitat suitability maps for key 
zooplankton species to predict their distribution in the 
future North Sea

• Step 3: Estimate the impact of marine heatwaves

Predicting the composition of zooplankton in the future North Sea

time

Ties Maris

ties.maris@nioz.nl
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Step 1: Determine the trophic structure of 
zooplankton in the North Sea

• Goal: estimate zooplankton community 
composition, biomass, trophic structure

• distribution, abundance, biomass: 
• plankton nets, PI-10, ISIIS

• community composition:
• metabarcoding, Zooscan

• trophic position:
• stable isotope signatures (bulk SI, 

CSIA)

Goals: describe taxonomic composition of fish and 

gelatinous zooplankton diets:

Fish and jellyfish samples:

• diet composition

• gut contents (metabarcoding)

• trophic position:

• tissue samples (stable isotope)

Step 2: Diet composition and zooplankton 

predation by pelagic fish and jellyfish

?

Transfer of zooplankton biomass to higher trophic levels 
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Transfer of zooplankton biomass to higher trophic levels 

Step 3: Linking predator-prey distribution patterns and predation of 
zooplankton by pelagic fish and jellyfish

?

• How is carbon/energy transferred in a 
multitrophic food web? 

- prey  predator spatiotemporal overlap
- abundance/ biomass

- transfer efficiency from phytos → fish
- predator-prey body mass ratios (PPMRs)

• Goals: Quantify energy fluxes within the 
North Sea multitrophic food web

Hannah Kepner

hannah.kepner@nioz.nl
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• Which are main meroplankton species?

• How is the seasonality of meroplankton biomass?

• Where is main area of meroplankton?

• Do meroplankton groups vertical migrate?

➢ Field sampling (metabarcoding; AI image recognition)

Step 2
• How much phytoplankton is cleared by meroplankton?

➢ Grazing experiments

Beckett & Weitz 2017

Investigate the trophic role of meroplankton in the Dutch North Sea
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Step 3

• How efficient is the transfer of om through 

meroplankton?

• How does zooplankton composition influence the 

transfer?

➢ Mesocosm experiments

➢ Stable isotope tracers

Step 4

• Is meroplankton an important food source for fish and gelatinous predators?

• Which trophic level does meroplankton inhibit?

➢ Gut content analysis

➢ Stable isotope analysis

➢ Linear inversed modelling

Gao et al. 2021

13C 15N 13C 15

N

Investigate the trophic role of meroplankton in the Dutch North Sea
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Holland 2024 STE

CPR data 
(1995-2021) 
in North Sea 
Subregions

Predicting the compositon of zooplankton in the future North Sea

• Important predictors for zooplankton spatial

distribution will be determined based on 

historical zooplankton data from the

Continuous Plankton Recorder (1995-2021)

• Also looking at the ability of image-based

monitoring data to create statistical models!
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Machado 
2018 HB

Holste & Peck 
2006 MB

Predicting the compositon of zooplankton in the future North Sea
Ties Maris

• Predictive models will be supplemented with other methods

of determing species habitat suitability, such as

• Literature review

• Mesocosm experiments

• Heatwave experiments

• Combining these methods allows us to predict future

suitable habitat for key zooplankton species

Morato 2020 GCB
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Bram v Prooijen
Water column particles

Peter Kraal
Nutrient exchange

Susanne Wilken
Phytoplankton

Eleonora Puccinelli
Phytoplankton grazing

Dick v Oevelen (3)
Zooplankton & 

gelatinous
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