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Message clé 

La biomasse du phytoplancton et l'abondance du zooplancton ont changé de manière significative (2015-
2019), très probablement sous l'effet du changement climatique et des nutriments. Les deux composantes 
ont diminué dans les habitats océaniques (golfe de Gascogne), ainsi que dans les habitats à salinité variable 
et les habitats de plateau (mer du Nord au sens large , mers celtiques). Le plancton a connu des tendances 
contrastées dans tous les habitats côtiers et les habitats du plateau du golfe de Gascogne et de la côte 
ibérique. 
 

Contexte 

Les algues et les animaux microscopiques à la dérive constituent la base du réseau trophique pélagique et 
sont une source de nourriture directe ou indirecte pour les poissons, les crustacés et les oiseaux de mer. Les 
organismes planctoniques sont très sensibles aux facteurs physiques et chimiques, notamment les teneurs 
en nutriments, la salinité et la température. Ces facteurs dépendent des variations naturelles du climat et de 
l’hydrographie, ainsi que des processus anthropiques. Les communautés planctoniques ont une cycle de vie 
court et elles réagissent donc plus rapidement que des niveaux trophiques supérieurs aux changements 
environnementaux. Les indicateurs se fondant sur le plancton peuvent aider à déceler les modifications de 
la quantité du plancton et de la structure des communautés planctoniques, qui peuvent avoir un impact sur 
la structure et le fonctionnement des écosystèmes marins.  
 
L'indicateur 2 relatif aux habitats pélagiques (PH2) concerne les « modifications de la biomasse du 
phytoplancton et de l’abondance du zooplancton ». Cet indicateur permet d’identifier les modifications 
(anomalies) dans les quantités de deux groupes fondamentaux au sein d’une communauté planctonique, le 
phytoplancton et le zooplancton (évalué par l'abondance des copépodes, qui constituent le groupe 
zooplanctonique le plus nombreux). Ces modifications représentent des déviations de la variabilité naturelle 
présumée dans les séries temporelles sur le plancton. Les modifications de la biomasse du phytoplancton et 
de l’abondance du zooplancton sont mesurées entre une période de comparaison passée (avant 2015) et 
une période d'évaluation temporaire (2015 - 2019). La direction du changement est statistiquement 
identifiée comme étant soit en augmentation, soit inchangée, soit en diminution. Cet indicateur a été évalué 
à l'échelle régionale, en utilisant les unités d'évaluation COMP4 (Enserink et al., 2019) pour diviser les 
données fournies pour la mer du Nord au sens large, les Mers celtiques et le golfe de Gascogne et la côte 
ibérique (Régions OSPAR II, III et IV). L'assimilation des résultats de cet indicateur avec les changements dans 
les formes de vie du plancton et la diversité du plancton aidera à fournir une compréhension plus holistique 
des changements qui se produisent dans l'ensemble des habitats pélagiques. 
 

Contexte (version étendue) 

 
The quantity of marine plankton is, to a large extent, determined by nutrient concentrations, climate, 
hydrodynamic drivers and food availability (e.g., Beaugrand et al., 2009). Total phytoplankton (as biomass 
using chlorophyll-a or Phytoplankton Colour Index as a proxy) and zooplankton (as abundance - using total 
copepods abundance) represent key components of the plankton community. They account for the largest 
part of the plankton biomass and thus play an important role in overall plankton production, as well as 
grazing, lysis (auto- and viral), advection and sedimentation processes. Being at the base of the food web, 
plankton represent (directly or indirectly) a food resource for numerous species at higher trophic levels, such 
as fish of commercial interest (mackerel, herring, cod). Variability in phytoplankton biomass and zooplankton 
abundance can have significant impacts on the structure and function of the marine food web, as well as on 
ecosystem processes such as nutrient recycling. The intrinsic characteristics of plankton organisms, such as 
their small size, lack of commercial exploitation, short lifecycles, and a global distribution, make them 
essential components of monitoring programmes aiming to assess the state of marine ecosystems. Their 
short lifecycles and sensitivity to abiotic factors mean that plankton indicators can provide early warnings of 



Modifications de la biomasse du phytoplancton et de l’abondance du zooplancton 

change in the marine ecosystem (Batt et al., 2013), from both natural and human-induced change, over a 
wide range of temporal and spatial scales. Increased pressure on marine systems is expected to lead to 
greater and more frequent changes at the base of the food web. Early warnings of ecosystem change can 
help to prompt management actions when changes are still manageable (see Burthe et al., 2016). 
 
Robust statistical techniques exist to identify significant components of variation and changes at multiple 
temporal and spatial scales for plankton. These changes may indicate major changes in the marine system 
involving consequences for other ecosystem components and processes. Significant changes in this indicator 
are evaluated through time-series analysis. One advantage of the methodology is its ease of application to 
any data set that can be considered ‘long enough’ to represent the temporal variability of plankton. However, 
since plankton dynamics are not well understood, it is difficult to decide the minimum appropriate length of 
a time-series for an assessment. As a starting point, it is recommended that the minimum length of a time-
series should be five years, but preferably a minimum of ten years. It is also necessary that monitoring data 
are acquired at regular intervals through consistent sampling and analytical procedures. 
 
The methodology for this indicator can be applied to fixed monitoring station time-series (the most common 
coastal monitoring in European countries) and to large-scale spatio-temporal data sets such as the 
Continuous Plankton Recorder (CPR) or more recently satellite data. The three data types are complementary 
and may provide information on different temporal / spatial scales and pressures in the future. For instance, 
coastal data from fixed monitoring stations can be used to identify plankton indicators that could be linked 
to human pressures, while large-scale spatio-temporal data in the open ocean can be used to identify 
plankton indicators that could be linked to large-scale hydro-meteorological changes or to indirect human 
pressures (e.g., fishing). An important advantage of these plankton indicators is that the concepts are 
relatively easily transferable to other regions (Gowen et al., 2011; Rombouts et al., 2013). For the future 
development of these indicators the definition of comparison periods will require knowledge of 
environmental and human pressure data. 
 
The OSPAR Quality Status Report 2010 highlighted the potential impacts of climate change and other human 
pressures on plankton communities. Phytoplankton chlorophyll-a and phytoplankton indicator species are 
also assessed under the Common Procedure for the Identification of the Eutrophication Status of the OSPAR 
Maritime Area (OSPAR Agreement 2022-07) but there was no comparable regional assessment of 
phytoplankton biomass and zooplankton abundance due to the use of different assessment units divisions. 
 
A current challenge is to separate expected natural variability from the variability induced by human 
pressures, a particularly difficult objective that is not yet resolved by plankton science. In the future, further 
development of this indicator will focus on making the link with human pressures and environmental / 
climate variability (see Buttay et al., 2015). 
 

Méthode d’évaluation 

 
The full method employed for this indicator is further elaborated in an OSPAR guidance document for both 
phytoplankton and zooplankton (Aubert et al., 2017, Duflos et al., 2018, OSPAR PH2 CEMP guidelines, OSPAR 
Agreement 2019-06). 
 
The methodology has been adapted since the Intermediate Assessment (IA) 2017 (mainly in the first steps of 
data preparation) due to the type of data used. First, phytoplankton and zooplankton are considered 
separately. Second, three main data types related to different acquisition systems are considered: time-series 
of plankton samples collected at fixed (mainly coastal) stations, plankton data from semi-autonomous 
collecting devices that regularly cover large spatial domains, such as the Continuous Plankton Recorder (CPR) 
data set, and satellite chlorophyll-a (ocean colour product) that provide a monthly synoptic view of the 
OSPAR Regions. 
  
Pre-analysis steps: Specificities related to data type 

https://www.ospar.org/documents?d=49366
https://www.ospar.org/documents?d=49366
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Phytoplankton data 
Instead of querying a particular species or group, the bulk phytoplankton community is examined through 
the total phytoplankton biomass. Phytoplankton biomass can be measured as biovolume, carbon content, or 
can be assessed through a proxy by measuring the concentration of chlorophyll-a, a pigment which is present 
in all phytoplankton organisms. It is also possible to derive a semi-quantitative measurement of 
phytoplankton biomass by analysing the Phytoplankton Colour Index (PCI), a metric of pigmentation specific 
to CPR data. This method estimates the green colour of the plankton community sampled onto a silk net 
(McQuatters-Gollop et al., 2015). Despite their shorter time-series (since 1997 with SeaWiFS derived data), 
satellite data were preferable for this analysis over PCI as they provide a more integrated and synoptic view 
with more regular monitoring and fine-scale spatial and temporal resolution which facilitated comparisons 
across all areas, including those not monitored by CPR. In-situ chlorophyll-a and satellite chlorophyll-a are 
used in this assessment as they represent the two types of data most regularly distributed in all areas 
(including reference stations and ocean colour data from remote sensing algorithms). For data from discrete 
stations no spatial aggregation was required prior to time series analysis. For non-station data (e.g., satellite, 
CPR), see the below section “Non-station Data”. 
 
Zooplankton data 
For zooplankton, only total copepod abundance was included in the indicator calculation. Expression of total 
zooplankton abundance as total copepod abundance was justified, given that copepods are readily 
identifiable in samples and represent the balance between production/import and mortality/export between 
phytoplankton and zooplankton (Budria et al., 2017). In addition, copepods are generally the most abundant 
and ubiquitous zooplankton taxa, both in space and time (e.g. Rombouts et al., 2009, Turner, 2004, Ikeda, 
1985). In practice, the use of groups, such as copepods, is often favoured over single species as indicators 
(De Jonge, 2007). Indeed, some species, such as those belonging to meroplankton, can exhibit very patchy 
distribution and highly variable fluctuation in abundance between years. These fluctuations are often due to 
natural physical dynamics rather than human pressures (De Jonge, 2007). An indicator based on only one 
species is also unlikely to represent the whole trophic level of zooplankton communities, and which is 
required here for the present indicator assessment. Using a taxonomic group as broad as copepods we 
represent a variety of trophic interactions, characteristic of the zooplankton community, which will enable 
us to detect changes in the pelagic habitat. For data from discrete stations no spatial aggregation was 
required prior to time series analysis. For non-station data (e.g., satellite and CPR), see the “Non-station 
Data” section. 
 
Non-station data 
Large spatio-temporal pelagic data sets originated from satellite for phytoplankton biomass and from the 
CPR for zooplankton abundance. The satellite data provided by Plymouth Marine Laboratory (PML) originated 
from the European Space Agency Ocean Colour Climate Change Initiative using the OC5CI Chla algorithm. The 
OC5CI  chlorophyll algorithm can be applied in case 1 - open ocean regions, as well as case 2 - coastal regions 
(Tilstone et al., 2022). The satellite provided by Royal Belgian Institute of Natural Sciences (RBINS) originated 
from the European Organisation for the Exploitation of Meteorological Satellites (EUMETSAT) using the CHL-
Gons algorithm from Sentinel3/OLCI. This algorithm is developed for turbid and eutrophic waters. Prior to 
analysis all copepod species abundance per unit of time (within a sample) were summed to obtain total 
copepods abundance. The first common step of both plankton components was to aggregate data in space 
and time using a 1-degree grid for each month to better assess the study area. The procedure consisted of 
rounding latitude and longitude of samples to the nearest degree. If several sites within a pixel of the grid 
were acquired during the same month, the average value was calculated. The second step consisted in 
computing temporal interpolation of the pixels of the grid. For each cell of the grid, if more than 3 consecutive 
months or more than 4 non-consecutive months were missing in a year, the whole year was removed from 
the time-series. Thus, for time-series with 3 consecutive or 4 non-consecutive missing months within a year, 
temporal interpolation was processed. The temporal interpolation was particularly useful in supplementing 
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the year-round satellite data for the North Sea, which are often missing during the winter months due to the 
short daylight duration (November to February). 
For assessment at large spatial scale, chlorophyll-a estimation from satellite (both PML and RBINS) as well as 
zooplankton abundance from the Continuous Plankton Recorder (CPR, Marine Biological Association) are 
preferred over in situ data originated from monitoring fixed stations. 
 
Methodology and concept:  
This indicator is based on identification of phytoplankton biomass and zooplankton abundance anomalies 
within plankton time-series. Anomalies represent deviations from the assumed natural variability of a time-
series. Thus, the greater the magnitude of the anomaly (in terms of absolute value, since anomalies can be 
positive or negative), the greater the change. An anomaly value of zero indicates no difference from the time-
series mean (which must be de-seasonalised). To understand the changes presented (i.e., annual anomalies) 
and to be most useful for decision makers, annual anomalies are best interpreted with information provided 
by anomalies on monthly time-scales. An R-script for the plankton time series was first developed by Ibanez 
(reported in Berline et al., 2009), and then adapted for this assessment. 
 
Previous assessment: 
The previous assessment (OSPAR Intermediate Assessment; IA 2017) was based on the establishment and 
the categorisation of annual anomalies of plankton biomass. Anomalies were categorised to improve the 
presentation of results from a graphical perspective and to simplify the results for management use. The 
categorisation is based on percentiles using the 2,5, 25, 50, 75 and 97,5th percentiles for each time-series. 
Three categories were used: small change (anomalies within the 25–75th percentile range), important change 
(anomalies within the 2,5–25th percentile range and 75–97,5th percentile range) and extreme change 
(anomalies within the 0–2,5th percentile range and 97,5–100th percentile range). Anomalies within the small 
change category represent the scenario of least likely occurring significant shifts at the plankton community 
level, and thus the least likely to impact the marine ecosystem. Anomalies within the important change and 
extreme change categories have increasing potential to represent significant modifications in the plankton 
community and the marine ecosystem. The present assessment is based on the previous assessment 
methodology with some improvements since IA2017. Most of these improvements have already been 
described and applied in the French national MSFD assessment (Duflos et al., 2018). 
  
Temporal trend analysis of biomass anomalies 
Temporal resolution increased between IA2017 and the present assessment from yearly anomalies to 
monthly calculation. This change in methodology was necessary to better capture variations in 
phytoplankton biomass and zooplankton abundance beyond their natural cycles. This increase of temporal 
resolution could be achieved through monthly or higher sampling frequency.  
 
When the data are in the format of monthly mean values, they can be fitted to the COMP4 assessment units 
(see the subsection Spatial scales of the assessment).  Following these steps, the time-series analysis can be 
run. Both phytoplankton and zooplankton time-series analyses are run using the same R-script for both 
discrete-station data and non-station data, after the pre-analysis steps have been followed. The first step 
consists of identifying the mean seasonal cycle (which is called seasonality in this assessment) during the 
whole study period. Removing the seasonality is required in order to analyse the variations of each plankton 
compartment (i.e., phytoplankton biomass or zooplankton abundance) beyond their natural cycle. The 
second step consists in obtaining anomalies by subtracting this seasonality from the original time-series. The 
method used is the seasonal differentiation by the seasonal deviation methods. Finally, the cumulative sum 
of these anomalies was produced to detect regime shifts in the time-series for the assessment and 
comparison periods. A Spearman rank correlation test is now implemented to test the trend of the 
cumulative sum of the anomalies of the assessment and comparison periods. The correlation can move 
toward a significant (p≤0,05) increase in phytoplankton biomass/zooplankton abundance (0 to 1), no changes 
(=0) or decrease in phytoplankton biomass/zooplankton abundance (-1 to 0). The results of the Spearman 
rank correlation provided an indication of changes. A t-test against the cumulative sum of the anomalies of 
the comparison period and the assessment period provide information whether the trends are significantly 
different or not. These improvements to the methodology since IA2017 now allow us to define distinct 
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comparison and assessment periods. For the QSR2023 assessment, the comparison period included all data 
prior to 2015 and the assessment period was set from 2015 to 2019, due to post-2019 data not yet being 
available across all plankton datasets.  
 
Spatial scales  
Because plankton community composition, distribution, and dynamics are closely linked to their 
environment, the analysis was performed at the scale of the ‘COMP4 assessment units’ (COMP4 v8a; Figure 
a, Table a). Assessment units within the Greater North Sea and Celtic Seas (OSPAR Regions II and III, 
respectively) were initially developed by Deltares and partner institutes as part of the EU Joint Monitoring 
Programme of the Eutrophication of the North Sea with Satellite data (JMP-EUNOSAT; Enserink et al., 2019) 
and further refined in the revision process of the eutrophication assessment by OSPAR expert groups ICG-
EMO and TG-COMP. Assessment units with similar phytoplankton dynamics were derived from cluster 
analysis of satellite data for chlorophyll-a and primary production. Boundaries between assessment units 
were derived by relating clustering results to the best-matching gradients in environmental variables 
obtained from the three-dimensional hydrodynamic Dutch Continental Shelf model version 6 (DCSMv6 FM). 
The variables which best matched the divisions highlighted by clustering were depth, salinity, and 
stratification regime. Additional geographic areas were added such as the Channel, Irish Sea and Kattegat. 
These assessment units are a geographical representation of the conditions which best suit plankton 
distribution, dynamics, and community composition. 
 
Because the Bay of Biscay and Iberian Coast (OSPAR Region IV) extended beyond the boundaries of the 
DCSMv6 FM, assessment units within this Region were developed using a different methodology, based on 
phytoplankton dynamics (Spain) and salinity dynamics (Portugal). To delineate assessment units for the 
Spanish coast, a polygon was created to extend from the coast to the exclusive economic zone (EEZ) 
boundary. Daily MODIS-Aqua Level-2 satellite images were used to calculate climatological mean values of 
chlorophyll-a for each pixel. K-means clustering was then used to group pixels with similar dynamics, resulting 
in six distinct groupings within the main Spanish polygon. Portugal’s three Water Framework Directive 
assessment units were extended to the boundaries of the Portuguese EEZ. These assessment units were 
further divided longitudinally to separate pelagic waters from coastal waters more subject to eutrophication 
from river influence by applying a salinity threshold, followed by a bathymetry threshold. 
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Figure a: COMP4 assessment units developed by JMP-EUNOSAT and OSPAR. 
 
Classification of the pelagic habitats 
Following the European Commission (2017) outlining criteria and methodological standards on good 
environmental status of marine waters, the COMP4 assessment units and the fixed-point stations are 
associated with a habitat type within their corresponding OSPAR Region (Table a). Habitat identifications 
were processed following strict criteria according to surface mean salinity and mean depth. Four habitats 
were identified: variable salinity (corresponding to river plumes and regions of freshwater influence (ROFI)), 
coastal habitat (nearshore areas adjacent to ROFIs with mean salinity < 34,5), shelf habitat (corresponding to 
offshore areas with mean depth less than 200 m and mean salinity > 34,5) and oceanic/beyond shelf habitats 
(corresponding to offshore areas with mean depth greater than 200 m). 
 
Table a: classification of the COMP4 assessment units and fixed-point stations by habitat type within 
OSPAR regions. 

Area code Area name Salinity (surface 
mean) 

Depth (mean) Habitat type OSPAR region 

ADPM Adour plume 34,4 87 Variable salinity IV 
ELPM Elbe plume 30,8 18 II 
EMPM Ems plume 31,4 19 II 
GDPM Gironde 

plume 
33,5 34 IV 

HPM Humber 
plume 

33,5 16 II 

LBPM Liverpool Bay 
plume 

30,6 15 III 

LPM Loire plume 33,8 38 IV 
MPM Meuse plume 29,3 16 II 
RHPM Rhine plume 31,0 17 II 
SCHPM1 Scheldt 

plume 1 
31,4 13 II 
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SCHPM2 Scheldt 
plume 2 

30,9 15 II 

SHPM Shannon 
plume 

34,1 61 III 

SPM Seine plume 31,8 25 II 
THPM Thames 

plume 
34,4 22 II 

CFR Coastal FR 
Channel 

34,2 33 Coastal II 

CIRL Coastal IRL 3 34,0 65 III 
CNOR1 Coastal NOR 1 34,3 190 II 
CNOR2 Coastal NOR 2 34,0 217 II 
CNOR3 Coastal NOR 3 32,4 171 II 
CUK1 Coastal UK 1 34,5 60 III 
CUKC Coastal UK 

Channel 
34,8 37 II 

CWAC Coastal 
Waters AC 

No information No information IV 

CWBC Coastal 
Waters BC 

No information No information IV 

CWCC Coastal 
Waters CC 

No information No information IV 

ECPM1 East Coast 
(permanently 
mixed) 1 

34,8 73 II 

ECPM2 East Coast 
(permanently 
mixed) 2 

34,5 43 II 

GBC German Bight 
Central 

33,4 39 II 

IRS Irish Sea 33,7 65 III 
KC Kattegat 

Coastal 
25,7 21 II 

KD Kattegat 
Deep 

27,6 50 II 

NAAC1A NorAtlantic 
Area NOR-
NorC1 

No information No information IV 

NAAC1B NorAtlantic 
Area NOR-
NorC1 

No information No information IV 

NAAC1C NorAtlantic 
Area NOR-
NorC1 

No information No information IV 

NAAC1D NorAtlantic 
Area NOR-
NorC1 

No information No information IV 

NAAC2 NorAtlantic 
Area NOR-
NorC2 

No information No information IV 
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NAAC3 NorAtlantic 
Area NOR-
NorC3 

No information No information IV 

OC Outer Coastal 
DEDK 

33,4 27 II 

SAAC1 SudAtlantic 
Area SUD-C1 

No information No information IV 

SAAC2 SudAtlantic 
Area SUD-C2 

No information No information IV 

SAAP2 SudAtlantic 
Area SUD-P2 

No information No information IV 

SNS Southern 
North Sea 

34,3 32 II 

ASS Atlantic 
Seasonally 
Stratified 

35,2 134 Shelf III, IV 

CCTI Channel 
Coastal shelf 
tidal 
influenced 

34,8 40 II 

CWM Channel well 
mixed 

35,1 77 II, III 

CWMTI Channel well 
mixed tidal 
influenced 

35,0 59 II 

DB Dogger Bank 35,1 28 II 
ENS Eastern North 

Sea 
34,8 43 II 

GBCW Gulf of Biscay 
coastal 
waters 

34,6 53 IV 

GBSW Gulf of Biscay 
shelf waters 

34,9 107 IV 

IS1 Intermittently 
stratified 1 

35,3 138 II, III 

IS2 Intermittently 
stratified 2 

35,1 102 II 

NAAP2 NorAtlantic 
Area NOR-
NorP2 

No information No information IV 

NAAPF NorAtlantic 
Area NOR-
Plataforma 

No information No information IV 

NNS Northen 
North Sea 

35,0 121 II 

NT Norwegian 
Trench 

34,1 349 II 

SAAP1 SudAtlantic 
Area SUD-P1 

No information No information IV 

SK Skagerrak 31,8 134 II 
SS Scottish Sea 35,1 89 II, III 
ATL Atlantic 35,3 2291 II, IV, V 
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NAAO1 NorAtlantic 
Area NOR-
NorO1 

No information No information Oceanic / 
Beyond shelf 

IV 

OWAO Ocean Waters 
AO 

No information No information IV 

OWBO Ocean Waters 
BO 

No information No information IV 

OWCO Ocean Waters 
CO 

No information No information IV 

SAAOC Sudatlantic 
Area SUD-
OCEAN 

No information No information IV 

Stonehaven  No information No information Coastal II 
Loch Ewe  No information No information Variable salinity III 
L4  No information No information Coastal II 
N14 
Falkenberg 

 No information No information Coastal II 

Anholt  No information No information Coastal II 
Slaggö  No information No information Coastal II 
E2CO 
 

 No information No information Coastal IV 

E3VI  No information No information Coastal IV 
A17 
 

 No information No information Shelf II 

E1GI  No information No information Shelf IV 
E2GI  No information No information Shelf IV 
E3GI  No information No information Shelf IV 
E1CU  No information No information Shelf IV 
E2CU  No information No information Shelf IV 
E3CU  No information No information Shelf IV 

 
Data provided and used in this assessment 
Satellite data for the Greater North Sea (OSPAR Region II) and the Celtic Seas (OSPAR Region III) were 
provided by the Royal Belgian Institute for Natural Sciences and Plymouth Marine Laboratory. Missing values 
or gaps smaller than 4 months were interpolated by cubic spline method. In addition to satellite data, in situ 
chlorophyll-a data from stations were provided by Plymouth Marine Laboratory for L4 station (Channel well 
mixed assessment unit), by Marine Scotland Science for Stonehaven and Loch Ewe fixed stations, by the 
Swedish Meteorological and Hydrological Institute and by Aarhus University (Kattegat and Skagerrak 
assessment units) and by Landesamt für Landwirtschaft, Umwelt und ländliche Räume des Landes Schleswig-
Holstein and the Niedersächsischer Landesbetrieb für Wasserwirtschaft, Küsten und Naturschutz (North Sea). 
In the Bay of Biscay and Iberian Coast (OSPAR Region IV), data were provided by the Instituto Espanol de 
Oceanografia from a set of fixed stations located in the Bay of Biscay and Iberian Coast. 
 
In addition, non-station data from the CPR have been provided respectively by the Marine Biological 
Association. CPR data were used for calculating the PH2 indicator on zooplankton (copepod) abundance. 
However, the CPR Phytoplankton Colour Index (PCI) was not used in the end for phytoplankton biomass 
assessment, despite CPR providing the longer time series that would be possible to compare to 
phytoplankton time-series. For phytoplankton biomass, it is more suitable to use satellite data as they 
provide a monthly integrated and synoptic view of chlorophyll-a across the Greater North Sea and the Celtic 
Seas (OSPAR Regions II and III respectively).  
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In a few cases, the spatially distributed data resulted in localised groupings of samples being extrapolated 
across much larger assessment units (see distribution of CPR samples in Figure d (i) (PH1 indicator 
assessment), as was the case for CPR data along the west of Scotland (Intermittently Stratified 1) and Ireland 
(Atlantic Seasonally Stratified). 
 
Additional data from fixed stations were provided by Belgium, the Netherlands, and the United Kingdom, 
however, due to some time-series being shorter than the comparison-assessment period or located outside 
OSPAR Regions, some data were not used in this assessment. Data from ongoing monitoring within OSPAR 
assessment regions will be used in the future (e.g., VLIZ data from Belgium). Table b provides a list of the 
data used for this assessment. 
 
Table b: Contracting Parties and institutes that provided the datasets used for this pelagic assessment. 

Contracting Party Institute Dataset name Date 
range 

Sampling 
frequency 

Belgium Royal Belgium Institute of 
Natural Sciences (RBINS) 

CHL_RBINS 2009-
2020 

Daily 

Denmark  Aarhus University NOVANA chlorophyl 
data 

2009-
2020 

Fortnightly 

Germany Landesamt für Landwirtschaft, 
Umwelt und ländliche Räume 
des Landes Schleswig-Holstein 
(LLUR) 

OSPAR_LLUR-SH 
Phytoplankton 
Biomass_2010-2020 

2010-
2020 

Fortnightly 

Niedersächsischer 
Landesbetrieb für 
Wasserwirtschaft, Küsten und 
Naturschutz (NLWKN) 

OSPAR_NLWKN_1999-
2019 

1999-
2019 

Fortnightly to 
higher 
frequency 

Spain Instituto Espanol de 
Oceanografia (IEO) 

IEO_RADIALES_Chla 1989-
2020 

Monthly 

IEO_RADIALES_Zoo 1991-
2018 

Monthly 

Sweden Swedish Meteorological and 
Hydrological Institute (SMHI) 

National data_SMHI 
phytoplankton 
biomass 

1986-
2020 

Monthly 

National data_SMHI_ 
zoo 

1996-
2020 

Monthly 

United Kingdom Environment Agency (EA) EA CHL 2000-2020 2000-
2020 

Weekly or 
higher 
frequency 

Marine Biological Association 
(MBA) 

CPR dataset 1960-
2019 

1960-
2019 

Weekly or 
higher 
frequency 

Marine Scotland Science 
(MSS) 

MSS Loch Ewe 
biomass 

2002-
2020 

Weekly 

MSS Loch Ewe 
zooplankton 

2002-
2017 

Weekly 

MSS Stonehaven 
biomass 

1997-
2020 

Weekly 

MSS Stonehaven 
zooplankton 

1999-
2020 

Weekly 

Plymouth Marine Laboratory 
(PML) 

PML_L4 chl a 1992-
2020 

 

PML_L4 zooplankton 1988-
2020 

Fortnightly to 
higher 
frequency 

PML ICES satellite  1997-
2016 

Monthly 

 

https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/indicator-assessments/changes-plankton-communities/
https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/indicator-assessments/changes-plankton-communities/
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Relationship between environmental pressures and phytoplankton biomass / zooplankton abundance 
Environmental variables were selected according to their relevance and availability for plankton to determine 
the most important pressure in phytoplankton biomass and zooplankton abundance changes. While all the 
variables listed in Table c were used for modelling phytoplankton biomass, nutrients were removed from the 
model explaining zooplankton abundance. The set of environmental variables used originated from different 
models targeting the North-East Atlantic area.  
 
The first step consisted of evaluating long-term links to pressures and to avoid excluding the first several 
decades of many plankton time-series due to missing values. To achieve this, the method used multiple 
random forest regressions to impute missing values based on collinearities among observed values in the 
predictors. For each variable containing missing values the algorithm generated a separate regression model 
based on all the other predictors. To improve imputation performance, a numeric variable representing 
‘month’ was included in this step to better predict the consistent seasonal patterns in some variables. This 
step was performed using ‘missRanger’ R package (Mayer and Mayer 2019). 
 
Then, values for each environmental variable were calculated as the mean of monthly mean gridded values 
(modelled and remotely sensed) within each COMP4 assessment unit. For fixed-point stations, mean values 
were calculated from all measurements within a 5-nautical mile radius of the station. Where in situ data were 
available (total nitrogen, nitrate, phosphate, total phosphorous, silicate) they were evaluated instead of the 
modelled environmental variables. For Atlantic Multidecadal Oscillation (AMO) and North Atlantic Oscillation 
(NAO), monthly values were applied identically across all assessment units since these variables have basin-
scale influence likely to cover the entire assessment region. 
 
Finally, a random forest algorithm was applied to evaluate which was the best combination of environmental 
variable for phytoplankton biomass / zooplankton abundance prediction. The algorithm is based on the 
combination of predictions made by multiple regression trees (here, k = 1000 trees) with the optimal tree 
(defined as the best combination of variables) obtained by majority voting. It is however important to note 
that the random forest algorithm may be affected by correlated variables. 
 
Prior to analysis, the original datasets were split into two subsets resulting in a training set and a test set. The 
training set was used for the selection of the best combination while the test set was used to validate the 
predictions. The training set consisted of data from the comparison period (prior to 2015) while the test set 
consisted of data from the assessment period (from 2015 to 2019). 
 
For map visualisation, some variables were aggregated together. Total nitrogen, nitrate, phosphate, total 
phosphorus, N:P ratio and silicate were pooled under the term "nutrient”. The same procedure was applied 
for AMO and NAO which were pooled under the term "Climate indices".  
 
It is important to keep in mind that on the pressures presented below, pH is not an independent variable. 
Indeed, the pH of seawater is controlled by the concentration of dissolved inorganic carbon (DIC). Changes 
in pH can be linked to changes in phytoplankton activity, since phytoplankton ingest DIC to fuel growth and 
reproduction, but also to the concentration of atmospheric carbon dioxide, the main driver of global 
warming. Consequently, increases of phytoplankton biomass could increase seawater pH and vice versa. 
However, a change in pH can adversely affect phytoplankton biomass. 
 
Table c: list of environmental variables used as pressures. 

Variabl
e name 

Descript
ion 

Abbrevi
ation Source 

Sea 
surface 

Temper
ature of 
surface 

sst International Comprehensive Ocean-Atmosphere Data Set (ICOADS): 
https://psl.noaa.gov/data/gridded/data.coads.1deg.html 

https://psl.noaa.gov/data/gridded/data.coads.1deg.html
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temper
ature 

layer, as 
measure

d by 
satellite 

Salinity 

Salinity 
of the 

surface 
layer 

sal European Regional Seas Ecosystem Model (ERSEM; NWSHELF_MULTIYEAR_PHY_004_009; 
https://doi.org/10.48670/moi-00059) 

Total 
Oxidise

d 
Nitroge

n 

Total 
oxidised 
nitrogen 
concent
ration in 
surface 

layer 

totn In situ data from Marine Scotland Science (MSS): https://doi.org/10.7489/1881-1 

Nitrate 

Nitrate 
concent
ration of 

the 
surface 

layer 

ntra 

European Regional Seas Ecosystem Model (ERSEM; NWSHELF_MULTIYEAR_BGC_004_011): 
https://doi.org/10.48670/moi-00058);  

In situ data from Plymouth Marine Laboratory (PML): 
https://www.westernchannelobservatory.org.uk/l4_nutrients.php 

Phosph
ate 

Dissolve
d 

inorgani
c 

phospha
te 

concent
ration of 

the 
surface 

layer 

phos 

European Regional Seas Ecosystem Model (ERSEM; NWSHELF_MULTIYEAR_BGC_004_011): 
https://doi.org/10.48670/moi-00058); );  

In situ data from Plymouth Marine Laboratory (PML): 
https://www.westernchannelobservatory.org.uk/l4_nutrients.php and Marine Scotland Science 

(MSS): https://doi.org/10.7489/1881-
1https://www.westernchannelobservatory.org.uk/l4_nutrients.php 

Total 
phosph
orous 

Total 
phospho

rous 
concent
ration of 

the 
surface 

layer 

totp In situ data from Aarhus University (Svendsen et al. 2005) 

N:P 
ratio 

The 
ratio of 
molar 

nitrogen 
concent
ration to 

molar 
phospho

rus 
concent
ration 

np 

Derived from: 
European Regional Seas Ecosystem Model (ERSEM; NWSHELF_MULTIYEAR_BGC_004_011): 
https://doi.org/10.48670/moi-00058); In situ data from Plymouth Marine Laboratory (PML): 

https://www.westernchannelobservatory.org.uk/l4_nutrients.php and Marine Scotland Science 
(MSS): https://doi.org/10.7489/1881-1 

Silicate Dissolve
d Si In situ data from Marine Scotland Science (MSS): https://doi.org/10.7489/1881-1; 

https://doi.org/10.48670/moi-00059
https://doi.org/10.7489/1881-1
https://doi.org/10.48670/moi-00058
https://www.westernchannelobservatory.org.uk/l4_nutrients.php
https://doi.org/10.48670/moi-00058
https://www.westernchannelobservatory.org.uk/l4_nutrients.php
https://doi.org/10.7489/1881-1
https://doi.org/10.7489/1881-1
https://doi.org/10.48670/moi-00058
https://doi.org/10.48670/moi-00058
https://www.westernchannelobservatory.org.uk/l4_nutrients.php
https://www.westernchannelobservatory.org.uk/l4_nutrients.php
https://doi.org/10.7489/1881-1
https://doi.org/10.7489/1881-1
https://doi.org/10.7489/1881-1
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silicate 
concent
ration of 

the 
surface 

layer 

Plymouth Marine Laboratory (PML): 
https://www.westernchannelobservatory.org.uk/l4_nutrients.php; In situ data from Aarhus 

University (Svendsen et al. 2005) 

Wind 
speed 

Wind 
speed 
(proxy 

of 
turbulen

ce) 

wspd International Comprehensive Ocean-Atmosphere Data Set (ICOADS); 
https://psl.noaa.gov/data/gridded/data.coads.1deg.html 

Mixed 
layer 
depth 

Surface 
layer in 
which 

density 
is nearly 
homoge
neous 
with 

depth 

mld European Regional Seas Ecosystem Model (ERSEM; NWSHELF_MULTIYEAR_PHY_004_009; 
https://doi.org/10.48670/moi-00059) 

Light 
attenua

tion 

The 
extinctio

n 
coefficie

nt for 
the 

visible 
light in 

the 
water 

column 

attn 

European Regional Seas Ecosystem Model (ERSEM; NWSHELF_MULTIYEAR_BGC_004_011): 
https://doi.org/10.48670/moi-

00058)https://www.westernchannelobservatory.org.uk/l4_nutrients.phphttps://www.weste
rnchannelobservatory.org.uk/l4_nutrients.php 

Precipit
ation 

Rate of 
precipit

ation 
precip International Comprehensive Ocean-Atmosphere Data Set (ICOADS); 

https://psl.noaa.gov/data/gridded/data.coads.1deg.html 

Current 
velocity 

Current 
velocity 
in the 

surface 
layer 

cvel European Regional Seas Ecosystem Model (ERSEM; NWSHELF_MULTIYEAR_PHY_004_009; 
https://doi.org/10.48670/moi-00059) 

pH 

Sea 
water 

pH 
reporte

d on 
total 
scale 

pH 

European Regional Seas Ecosystem Model (ERSEM; NWSHELF_MULTIYEAR_BGC_004_011): 
https://doi.org/10.48670/moi-

00058)https://www.westernchannelobservatory.org.uk/l4_nutrients.phphttps://www.weste
rnchannelobservatory.org.uk/l4_nutrients.php 

NAO 

The 
North 

Atlantic 
Oscillati

nao National Oceanic and Atmospheric Administration (NOAA): 
https://www.ncdc.noaa.gov/teleconnections/nao/ 

https://www.westernchannelobservatory.org.uk/l4_nutrients.php
https://psl.noaa.gov/data/gridded/data.coads.1deg.html
https://doi.org/10.48670/moi-00059
https://doi.org/10.48670/moi-00058
https://doi.org/10.48670/moi-00058
https://www.westernchannelobservatory.org.uk/l4_nutrients.php
https://psl.noaa.gov/data/gridded/data.coads.1deg.html
https://doi.org/10.48670/moi-00059
https://doi.org/10.48670/moi-00058
https://doi.org/10.48670/moi-00058
https://www.westernchannelobservatory.org.uk/l4_nutrients.php
https://www.ncdc.noaa.gov/teleconnections/nao/


Modifications de la biomasse du phytoplancton et de l’abondance du zooplancton 

on is a 
weather 
phenom

enon 
over the 

North 
Atlantic 
Ocean 

of 
fluctuati

ons in 
the 

differen
ce of 

atmosp
heric 

pressure 
at sea 
level 

betwee
n the 

Icelandi
c Low 

and the 
Azores 
High 

AMO 

The 
Atlantic 
Multide

cadal 
Oscillati
on is the 
theorise

d 
variabilit
y of the 

sea 
surface 

tempera
ture of 

the 
North 

Atlantic 
Ocean 
on the 

timescal
e of 

several 
decades 

amo National Oceanic and Atmospheric Administration (NOAA); 
https://psl.noaa.gov/data/timeseries/AMO/ 

 
Integration of indicator results: 
A primary objective of this indicator assessment was to integrate results to facilitate an understanding of 
changes occurring across pelagic habitat types within OSPAR Regions II, III and IV. This required indicator 
results for each of these OSPAR Regions to be integrated according to the following pelagic habitat 

https://psl.noaa.gov/data/timeseries/AMO/
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categories: variable salinity, coastal, shelf, and oceanic / beyond shelf. This categorisation of COMP4 
assessment units and fixed-point stations is described in Table a. To meet this objective, we focused on the 
primary direction of change detected across assessment units and fixed-point stations within each pelagic 
habitat category for each of the 2 plankton components highlighted in this assessment. We then reported 
the mean confidence, spatial representativeness, and most likely links to environmental pressures. 
 
As an example, changes in zooplankton were assessed across 6 COMP4 areas and 4 fixed-point stations 
representing coastal habitats within OSPAR Region II. If 4 decreasing trends, 3 increasing trends, and 3 
instances of no trend were detected across these locations, we would report a decreasing net trend and the 
proportion of assessment units studied where this trend was detected, in this case 0,4. 
 
The spatial representativeness of the result corresponds the proportion of the total number of COMP4 
assessment units considered in the analysis, in this case 6, out of the total number of possible COMP4 
assessment units representing coastal habitats within the OSPAR Region, in this case 12. Therefore, the 
spatial representativeness of the result would be 0,5. Note that fixed-point station datasets do not contribute 
to this score. 
 
Finally, to report links to environmental pressures which can drive changes in PH2 components for the net 
trend, we ranked environmental variables for each location based on their relative variable importance, with 
1 assigned to the variable with highest importance, 2 to the variable with second highest importance and so 
on. For locations where the net trend was increasing, we calculated the mean rank of each environmental 
variable and reported the variable with the lowest mean rank. 
 
Addressing PH2 quality status 
In order to deliver a clear and comprehensive message to the scientific and non-scientific community, the 
results of the indicator were summarised by their quality status per habitat within each OSPAR region. The 
quality status had been defined by the change in indicator value for each plankton component according to 
assessment threshold and / or the impact of anthropogenic pressures and climate change on the indicator 
change (McQuatters-Gollop et al., 2022). Thus, the quality status resulted in 4 categories: Not good, 
Unknown, Good, and Not assessed. Table d gives the detailed explanation of the different categories. 
 
Table d: Categorization of the quality status and their associated narratives. 

Quality status categories 
Not good Indicator value is below assessment threshold, or change in 

indicator represents a declining state, or indicator change is linked 
to increasing impact of anthropogenic pressures (including climate 
change), or indicator shows no change but state is considered 
unsatisfactory 

Unknown No assessment threshold and/or unclear if change represents 
declining or improving state, or indicator shows no change but 
uncertain if state represented is satisfactory 

Good Indicator value is above assessment threshold, or indicator 
represents improving state, or indicator shows no change but state 
is satisfactory 

Not assessed Indicator was not assessed in a region due to lack of data, lack of 
expert resource, or lack of policy support.  

 
 



Modifications de la biomasse du phytoplancton et de l’abondance du zooplancton 

Résultats 

Cette évaluation identifie les modifications de la biomasse du phytoplancton et de l’abondance du 
zooplancton à l’échelle régionale et locale. Parmi les 64 zones COMP4, des changements significatifs ont été 
constatés dans 39 unités d'évaluation pour la biomasse du phytoplancton (Figure 1) et dans 22 unités 
d'évaluation pour l'abondance du zooplancton (Figure 2). 
 

 
Figure 1 : Tendance des anomalies de la biomasse phytoplanctonique entre la période d'évaluation (2015-
2019) et la période de comparaison (données des stations : 1992-2014 ; données des non-stations : 1997-
2014). Les zones hachurées sont caractérisées par des changements significatifs (p≤0,05) de la biomasse 
de phytoplancton entre la période de comparaison et la période d'évaluation. Les zones blanches indiquent 
l'absence de données ou des données insuffisantes pour évaluer la zone.  
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Figure 2 : Tendance des anomalies de l’abondance zooplanctonique entre la période d'évaluation (2015-
2019) et la période de comparaison 1960-2014). Les zones hachurées sont caractérisées par des 
changements significatifs (p≤0,05) de l’abondance zooplanctonique entre la période de comparaison et la 
période d'évaluation. Les zones blanches indiquent l'absence de données ou des données insuffisantes 
pour évaluer la zone. Les résultats des unités d'évaluation de la stratification intermittente 1 (Écosse) et 
de la stratification saisonnière de l'Atlantique (Irlande) doivent être interprétés avec prudence, car les 
échantillons du CPR ont été extrapolés sur des unités d'évaluation beaucoup plus vastes. 
 
Les anomalies de la biomasse du phytoplancton et de l'abondance du zooplancton ont présenté des 
tendances à la baisse dans la majorité des unités COMP4 évaluées. La période d'évaluation (2015-2019) a été 
marquée par des diminutions fortes et significatives de la biomasse de phytoplancton dans 32 unités 
d'évaluation, tandis que des augmentations ont été documentées dans 7 zones. En ce qui concerne 
l'abondance du zooplancton, de fortes diminutions ont eu lieu dans 13 zones, tandis que l'abondance a 
augmenté dans 8 zones et qu'une zone n'a connu aucun changement. La biomasse du phytoplancton a 
fortement diminué dans les eaux du large (zones atlantiques et golfe de Gascogne), dans la Manche et dans 
quelques zones de la mer du Nord (principalement la mer du Nord orientale et la fosse norvégienne), tandis 
qu'elle a augmenté dans une grande partie des zones de la mer du Nord (panaches de l'Elbe, de l'Ems et de 
l'Humber, mer du Nord septentrionale et méridionale, banc du Dogger). En ce qui concerne le zooplancton, 
une forte diminution de l'abondance a été observée dans les eaux du large telles que les eaux de haute mer 
(zones atlantiques et golfe de Gascogne), la Manche et une grande partie de la mer du Nord (à l'exception 
des eaux côtières et de la fosse norvégienne). Une augmentation significative de la biomasse 
phytoplanctonique a été observée dans les habitats côtiers et les habitats du plateau de la Mer du Nord au 
sens large et des Mers celtiques (canal côtier du Royaume-Uni et canal côtier du Royaume-Uni 1, mers 
d'Irlande et d'Écosse, côte est en permanence mixte 1, fosse norvégienne). 
 
 



Modifications de la biomasse du phytoplancton et de l’abondance du zooplancton 

En accord avec les résultats de cet indicateur présentés dans l'IA2017, la biomasse phytoplanctonique a 
continué à augmenter en mer du Nord, sauf dans la partie orientale de la mer du Nord (mer du Nord orientale, 
German Bight Central and Outer Coastal DEDK). L'abondance du zooplancton a fortement diminué dans les 
stations des eaux de haute mer (zones atlantiques et golfe de Gascogne), dans certaines régions de la Manche 
(Manche bien mélangée et Manche bien mélangée influencée par les marées) et dans les eaux de la mer du 
Nord (mer du Nord septentrionale, Dogger Bank, mer du Nord orientale, German Bight Central et Outer 
Coastal DEDK). Une augmentation de l'abondance a été principalement observée le long des côtes anglaises 
et dans la fosse norvégienne. Bien que l'IA2017 ait signalé une tendance négative dans l'abondance du 
zooplancton pour le sud de la mer du Nord, la période d'évaluation actuelle (2015-2019) n'a détecté aucun 
changement significatif dans l'abondance du zooplancton pour cette zone. Les résultats peuvent être sujets 
à des variations par rapport à la littérature existante, probablement en raison de différences dans 
l'agrégation spatiale avant l'analyse. 
 
Des liens entre la biomasse du phytoplancton (Figure 3) et l'abondance du zooplancton (Figure 4) et le 
contrôle des pressions liées au changement climatique ont été mis en évidence dans les mers celtiques, le 
golfe de Gascogne et la côte ibérique. L'augmentation de la température de surface de la mer (SST), la 
diminution de la vitesse du vent, la diminution de l'atténuation de la lumière et l'augmentation de la 
profondeur de la couche mélangée ont été liées à la diminution de la biomasse du phytoplancton et de 
l'abondance du zooplancton. En outre, les diminutions de la biomasse du phytoplancton et de l'abondance 
du zooplancton dans les habitats côtiers et du plateau des Mers celtiques ont été associées à la baisse du pH. 
Dans les habitats côtiers et de plateau à salinité variable de la grande mer du Nord, les nutriments (nitrate, 
phosphate, rapport N:P), considérés comme un indicateur de l'eutrophisation, ont été les variables les plus 
importantes dans les changements de la biomasse du phytoplancton. L'impact de l'eutrophisation peut être 
significatif dans cette région et des investigations supplémentaires doivent être menées avec le groupe GIC-
Eut d'OSPAR afin de mieux comprendre les relations sous-jacentes. En ce qui concerne ces relations, l'état de 
qualité de la plupart des habitats dans les Régions OSPAR est « Pas bon ». Seuls les habitats à salinité variable 
de la Mer du Nord au sens large et des Mers celtiques ont un état de qualité "Inconnu". Des détails 
supplémentaires pour cette section se trouvent dans la section « résultats étendus ». 
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Figure 3 : Variables les plus importantes concernant les modifications de la biomasse du phytoplancton 
dans les zones d'évaluation du programme COMP4. Disponible via : ODIMS 
 

 
Figure 4 : Variables les plus importantes concernant les modifications de l'abondance du zooplancton dans 
les zones d'évaluation du programme COMP4. Disponible via : ODIMS 
 
 

Résultats (version étendue) 

 
Anomalies percentile in the time-series 
For the previous assessment (IA2017) annual anomalies in a time-series were categorised as either small, 
intermediate, or important changes. This categorisation could be used as an “early warning” signal of change. 
Some examples of anomalies from the Dogger Bank are displayed for phytoplankton biomass (Figure b) and 
for zooplankton abundance (Figure c) using the previous assessment methods based on percentiles. This 
method focused on the amplitude of monthly deviation from mean conditions, rather than assessing a trend 
through time. For example, extreme values [<2,5 or >97,5] accompanied large changes in the plankton, 
triggering further investigation into understanding such changes.  

https://odims.ospar.org/en/maps/?layers=ospar_plankton_variables_2019_06_001,ospar_plankton_variables_2019_07_001
https://odims.ospar.org/en/maps/?layers=ospar_plankton_variables_2019_08_001,ospar_plankton_variables_2019_09_001
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Figure b: Monthly anomalies of phytoplankton biomass (non-station data from satellite) for the Dogger 
Bank area over the period 1997-2019. Three colours have been attributed to each category: Light blue 
(small change), blue (intermediate change) and dark blue (important change). 

 
Figure c: Monthly anomalies of zooplankton abundance (non-station data from the CPR) for the Dogger 
Bank area over the period 1960-2019. Three colours have been attributed to each category: Light blue 
(small change), blue (intermediate change) and dark blue (important change). 
 
Integration of phytoplankton biomass and zooplankton abundance trends 
The results of the current assessment have indicated 3 patterns of change between phytoplankton and 
zooplankton (Figure d): (i) a simultaneous decrease in both phytoplankton biomass and zooplankton 
abundance, (ii) increase in phytoplankton biomass and decrease in zooplankton abundance or decrease in 
phytoplankton biomass and increase in zooplankton abundance, and (iii) a simultaneous increase of 
phytoplankton biomass and zooplankton abundance. 
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Figure d: Integration between PH2 phytoplankton and zooplankton trends within the different COMP4 
assessment units and at the different fixed stations. Downward arrow represents simultaneous decrease 
of phytoplankton biomass and zooplankton abundance (pattern i). Upward arrow represents simultaneous 
increase of phytoplankton biomass and zooplankton abundance (pattern iii). Bidirectional arrows 
represent increase of one plankton component while the second component decreases and vice versa 
(pattern ii). 
 
The first pattern (i) was observed in the open ocean waters (Atlantic areas), as well as in the Channel well 
mixed and Channel well mixed tidal influenced areas, in the south-eastern part of the North Sea (e.g., Eastern 
North Sea, German Bight Central) as well as in some fixed-points (i.e. L4, Loch Ewe, E1GI, E2GI, Anholt and 
Slaggö). 
 
The second pattern (ii) was recorded in the Northern North Sea, the Dogger Bank, in the Coastal Waters of 
Ireland, Outer Coastal waters, along the Southern English coasts (Coastal waters of Southern England), the 
Irish and Scottish Seas, and in the North Sea (East Coast of England, Intermittently stratified waters, Coastal 
waters of Norway and the Norwegian Trench). This pattern was found in only one monitoring station: 
Stonehaven location. 
 
The third pattern (iii) was observed in the Elbe and Ems plumes and in the fixed points in the Skagerrak (i.e., 
Slaggö, A17) and the Iberian coast (i.e., E1CU, E2CU, E3CU, E3GI and E2CO). 
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Relation between pressures and indicator 
In the Greater North Sea, modelling results have revealed nutrients (dissolved inorganic phosphate, nitrogen, 
and the balance between nitrogen and dissolved inorganic phosphate) as the most important pressures 
affecting changes in phytoplankton biomass for the three types of habitats (variable salinity, coastal and 
shelf). Variable salinity habitat was marked by a decrease in phosphate which in turn was high correlated 
with a decrease of phytoplankton biomass (see also Gohin et al., 2020). Faster reduction of phosphorous 
than nitrogen occurred in both coastal and shelf habitats resulting in increasing N:P ratio. In both habitats, 
these conditions occurred while phytoplankton biomass decreased. Zooplankton abundance was rather 
linked to direct or indirect climatic conditions. Despite increasing, SST were reported as the most important 
variable for zooplankton abundance decrease in the variable salinity habitat, the relation was insignificant 
thus changes did not occur during the assessment period. Finally, decreasing mixed layer depth (MLD) was 
linked with decreasing zooplankton abundance in coastal habitat, decreasing MLD was linked with increasing 
zooplankton abundance in shelf habitats. 
 
In the Celtic Seas, the current assessment showed that decreasing pH was most likely linked with 
phytoplankton biomass decrease in coastal habitat and in shelf habitats for both phytoplankton biomass and 
zooplankton abundance (further explanations on the relationship between pH and phytoplankton biomass 
are given in the subsection Relationship between environmental pressures and phytoplankton biomass / 
zooplankton abundance). Changes in pH can be linked to changes in phytoplankton activity, since 
phytoplankton ingest dissolved inorganic carbon (DIC) to fuel growth and reproduction, but also to the 
concentration of atmospheric carbon dioxide, the main driver of global warming. However, for reasons 
described above, the relationship between pH and phytoplankton biomass should be evaluated cautiously 
and further analysis is necessary to quantify phytoplankton’s contribution to pH variability. Indicator results 
in variable salinity habitats also reflected a reduction in phytoplankton biomass due to decreasing nitrate 
concentration. The increase in zooplankton abundance in the coastal habitat was linked to natural climatic 
condition. Finally, decrease in zooplankton abundance in variable salinity habitats was linked to decrease of 
current velocity. 
 
In the Bay of Biscay and Iberian Coast (OSPAR Region IV), changes in both phytoplankton biomass and 
zooplankton abundance were most strongly linked to climatic conditions. While phytoplankton biomass 
decreased in shelf habitats due to increasing mixed layer depth over the last decades, phytoplankton biomass 
also decreased in oceanic habitats, associated with a decrease in light attenuation and thus shallowing of the 
euphotic zone. Surprisingly, zooplankton abundance in coastal and oceanic habitats was positively correlated 
with SST. Results indicated that abundance increased as well as SST in coastal habitat whereas abundance 
and SST both decreased in oceanic habitats. Finally, decreases in zooplankton abundance in shelf habitats of 
the Bay of Biscay and Iberian Coast were linked to increasing mixed layer depth. 
 
The quality status of the pelagic habitats within OSPAR Regions was addressed following the links between 
pressures and PH2 indicator results (Table e). Despite relationships with environmental variables remaining 
unclear, climate change and decrease in pH were linked with the indicators within coastal and shelf habitats 
of the Celtic Seas and within coastal, shelf and Oceanic / beyond shelf habitats of the Bay of Biscay and 
Iberian Coast. Consequently, the quality status within these habitats is “Not good”. The faster reduction in 
phosphorus compared to nitrogen has increased the N:P ratio which in turns impacted the PH2 indicator. 
This was the case for coastal and shelf habitats of OSPAR Region II. As a consequence of the imbalance 
between nitrogen and phosphorus, this might be related to eutrophication, and the quality status of the 
habitat in which this observation was made was also determined to be “Not good”. Finally, where other 
parameters were linked with changes in phytoplankton biomass and zooplankton abundance (e.g., variable 
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salinity habitats of the Greater North Sea and the Celtic Seas), it was more difficult to establish the origin of 
the pressure. Quality status of the habitat was therefore categorised as “Uncertain”. 

Table e: Integration of the indicator results for the Greater North Sea, the Celtic Seas and the Bay of Biscay 
and Iberian Coast. Column names are described as follows: Dir: the net direction of change in the plankton 
component (upward arrow: increasing trend, equality sign: no trend, downward arrow: decreasing trend), 
Trend: the percentage of assessment units exhibiting the respective trend (if no results were reported for 
assessment units, stations are used), Change: a logical variable (TRUE/FALSE) to report whether a net trend 
is likely given the significance of the results, Pressure: the environmental pressure with the greatest mean 
rank for the respective trend, Rank: the mean rank of the environmental pressure indicated under 
Pressure, nSt: the total number of monitoring fixed stations considered, nCOMP4: The total number of 
COMP4 assessment units considered, totCOMP4: The total number of potential COMP4 assessment units 
for the habitat category, spatialRep: the spatial representativeness score of the analysis. 

OSPAR 
Region Habitat Plankton 

component Dir Trend Change Pressure Rank nSt nCOMP4 totCOMP4 Spatial Rep 
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Variable 
salinity 

Phytoplankton ↓ 
60% TRUE phosp 2.8 1 9 9 100% 

Zooplankton ↓ 
100% FALSE sst 1.0 1 0 9 0% 

Coastal 

Phytoplankton ↓ 
92% TRUE np 4.0 1 12 12 100% 

Zooplankton 
↑ 
 

40% TRUE mld 2.8 4 6 12 50% 

Shelf 

Phytoplankton ↓ 
75% TRUE np 2.3 1 11 11 100% 

Zooplankton ↓ 
67% TRUE mld 2.7 0 7 11 64% 

Oceanic 

Phytoplankton NA 
        

Zooplankton NA 
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Variable 
salinity 

Phytoplankton ↓ 
100% TRUE ntra 2.0 1 2 2 100% 

Zooplankton ↓ 
100% TRUE cvel 1.0 1 0 2 0% 

Coastal 

Phytoplankton ↓ 

67% TRUE pH 1.7 0 3 3 100% 

Zooplankton ↑ 
67% TRUE AMO 2.0 0 3 3 100% 

Shelf 

Phytoplankton ↓ 
100% TRUE pH 3.5 0 4 4 100% 

Zooplankton ↓ 
75% TRUE pH 2.5 0 4 4 100% 

Oceanic 

Phytoplankton NA 
        

Zooplankton NA 
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Variable 
salinity 

Phytoplankton NA 
        

Zooplankton NA 
        

Coastal 

Phytoplankton ↓ 
100% TRUE NAO 1.0 1 0 12 0% 

Zooplankton ↑ 
100% TRUE sst 2.5 2 0 12 0% 

Shelf 

Phytoplankton ↑ 
43% TRUE wspd 1.0 6 1 6 17% 

Zooplankton ↓ 
100% TRUE mld 3.0 0 2 6 33% 

Oceanic Phytoplankton ↓ 
100% TRUE attn 1.0 0 1 6 17% 
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Zooplankton ↓ 
100% TRUE sst 1.5 0 2 6 33% 

 

Conclusion  

Cet indicateur identifie les modifications de la biomasse du phytoplancton et de l’abondance du zooplancton 
à l’échelle régionale (unités d’évaluation COMP4) et locale (stations de surveillance discrètes). Les résultats 
mettent en évidence une diminution générale de la biomasse du phytoplancton et de l'abondance du 
zooplancton à l'échelle régionale. Toutefois, à l'échelle locale, la biomasse de phytoplancton observée a 
augmenté depuis l'évaluation précédente en mer du Nord et l'abondance du zooplancton a également 
augmenté le long des côtes du Royaume-Uni et dans la fosse norvégienne. Des liens possibles avec le 
changement climatique ont été signalés, en particulier dans les habitats côtiers, les plateaux et les habitats 
océaniques de la Mer du Nord au sens large et des Mers celtiques. Les nutriments ont été associés à 
l'indicateur, en particulier dans la Mer du Nord au sens large. De futures études sont nécessaires pour 
explorer les liens avec les indicateurs pertinents relatifs à l'habitat pélagique, au réseau trophique et à 
l'eutrophisation.  
 

Conclusion (version étendue) 

This assessment identifies changes in phytoplankton biomass and zooplankton abundance at regional 
(COMP4 assessment units) and local (discrete monitoring stations) scales. The results highlight a general 
decrease in phytoplankton biomass and zooplankton abundance at the regional scale. However, at the local 
scale, observed phytoplankton biomass has been increasing since the previous assessment in the North Sea 
and zooplankton abundance has also been increasing along the coasts of the United Kingdom and in the 
Norwegian trench. Possible links with climate change were reported especially in coastal, shelf and oceanic 
habitats of the Greater North Sea and the Celtic Seas. Eutrophication has been linked to the indicator 
especially in the Greater North Sea. Future investigations are needed to explore connections with relevant 
Pelagic Habitat and Food Web indicators. 
 

Lacunes dans les connaissances 

 
Les travaux supplémentaires recommandés sont: 1. Inclusion d'ensembles de données supplémentaires, en 
particulier pour le golfe de Gascogne et la côte ibérique ; 2. comparaison avec les indicateurs pertinents de 
l'habitat pélagique et du réseau trophique afin de mieux évaluer l'ampleur du changement ; 3. poursuite de 
l'amélioration de la méthodologie afin de définir plus précisément le cycle naturel de la biomasse du 
phytoplancton et de l'abondance du zooplancton ; 4. affinement de l'utilisation des données satellitaires et 
amélioration de la cohérence avec les évaluations de l'eutrophisation ; et 5. affinement des liens entre PH2 
et les pressions. Affiner les liens entre PH2 et les pressions. 
 

Lacunes dans les connaissances (version étendue) 

 
Further development of this indicator is needed, particularly on the following points: 

• Inclusion of additional data sets to improve the confidence of indicator’s assessment results: 
especially for the Bay of Biscay and Iberian Coast. In addition, increased zooplankton monitoring is 
needed in variable salinity habitats. Finally, there is a need to include additional datasets to allow 
comparison between the different monitoring strategies. 

• Comparison to relevant Pelagic Habitat and Food Web indicators to facilitate of impacts through 
the food web.  

• Improve coherence and integration between the PH2 indicator and relevant indicators within 
HASEC group. 

• Integration of dataset originated from different chl-a methods: continual assessment of 
characterising the differences in chl-a methodologies is required. 
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• Improve the methodology for defining the natural cycle and subsequently for the trend 
characterisation and spatial and temporal confidence of the results. 

• Refinement of the use of remote sensing data for improving coherence with the OSPAR 
eutrophication assessments at different spatial and temporal scales. 

• Refine the links between PH2 and pressures to identify the origin of the pressures. 

 
Inclusion of additional data sets: 
Recommendations were made in the IA2017 regarding spatial gaps in the Bay of Biscay and Iberian Coast and 
they are still relevant for the current assessment. In addition, in the current assessment some habitats within 
OSPAR Regions were lacking data. In particular, there is a need for: zooplankton data for variable salinity 
habitats in the Greater North Sea and the Celtic Seas and both phytoplankton and zooplankton data for 
variable salinity and coastal habitats in the Bay of Biscay and Iberian Coast. 
 
In addition to ensure the perennity of existing time series, future research and monitoring studies should 
address the various gaps in monitoring data coverage because these will be a limiting factor for the 
development of the indicators. Semi-automated methods such as in vivo multi-spectral fluorometry and flow 
cytometry (Houliez et al., 2012; Bonato et al., 2016; Thyssen et al., 2015, Louchart et al., 2020), supplemented 
by automated image acquisition and analysis which allow higher spatial and temporal resolution should also 
be considered within existing monitoring programmes. In addition, implementation of these innovative 
techniques on seasonal (see Jouandet et al., 2020) or monthly sampling programs (e.g., Aardema et al., 2019) 
can help address pelagic community dynamics in offshore waters thus providing information to define the 
quality status of not assessed areas or assessed areas with low sampling confidence. Furthermore, inclusion 
of size fractionated chl-a could be integrated to provide a more precise view of phytoplankton biomass. Size 
fractionated chl-a could also be useful to integrate Pelagic Habitats indicators (this indicator and the indicator 
‘Changes in plankton lifeforms’) since a recommendation to investigate picoplankton and nanoplankton 
emerged in the previous version of PH1/FW5 indicator. 
 
Comparison to relevant Pelagic Habitat and Food Web Eutrophication indicators: 
Further work is also needed to integrate pelagic habitat indicators (this indicator, and the indicators on 
‘Changes in Phytoplankton and Zooplankton Communities’ and ‘Changes in Plankton Diversity’) since this will 
provide greater confidence in the assessment of changes in plankton, and in their integration with indicators 
of other ecosystem components, in particular food web indicators. PH2 is a bulk indicator, with the highest 
level of integration among the Pelagic Habitat indicators (McQuatters-Gollop et al., 2017). Whilst PH2 
represents the link between the stocks and the fluxes within the pelagic food webs, it does not account for 
variability in photosynthetic rates and the actual flow of carbon through the system. Further research on the 
use of primary production (FW2), as a direct indicator of carbon flow through the food web, should be 
explored.  
 
Improve coherence and integration with relevant eutrophication indicators: 
Being at the bottom of the trophic network, plankton is highly sensitive to their changing environment. In 
this context, there is a need to improve the linkage with relevant eutrophication indicators from OSPAR’s 
Hazardous Substances and Eutrophication Committee (HASEC) such as the nutrient inputs indicator. Future 
investigations will help to address the importance of nutrient inputs within the sub-division of the different 
OSPAR Regions. Furthermore, it is important to establish better coherence between the PH2 indicator and 
the chlorophyll-a concentration indicator across multiple criteria: data collection (similar data should be used 
to maintain consistency in results), spatial resolution (similar spatial resolution should be maintained across 
related indicators), and temporal resolution (consistency should be maintained across related indicators in 
terms of whether they examine year-round time-series, or productive months only). 
 
Integration of dataset originated from different chl-a methods: 

https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/indicator-assessments/changes-plankton-communities/
https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/indicator-assessments/changes-plankton-communities/
https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/indicator-assessments/changes-plankton-diversity/
https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/indicator-assessments/inputs-nutrients/
https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/indicator-assessments/chl-a-concentrations/
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As far as future research is concerned, continual assessment of characterising the differences in Chl-a 
methodologies is required (e.g., between fluorometric, spectrophotometric, HPLC and in situ fluorometers 
[which are prone to quenching] plus CPR colour scale index). 
 
Methodology improvement: 
The current assessment is built on the assumption that phytoplankton biomass and zooplankton abundance 
fluctuate over a consistent annual cycle. However, plankton have large year-to-year variability, and this 
pattern of variability differs across ecosystems and habitats. For example, periodicities of 12 or 6 months or 
less have been reported. Shifts in the typical annual cycle have also been detected in the past. Future 
development should therefore focus on investigating the annual cycle for non-stationary datasets (e.g., 
Winder and Cloern, 2010) and applying this information to de-trend time-series data. Furthermore, it is 
crucial to investigate the potential change of seasonality over time. Once the annual mean cycle has been 
removed, the trend analysis can be conducted using linear modelling. Although this methodology is widely 
accepted, this does not always match with the dataset. Trends can be linear, cubic, quadratic or absent. 
Consequently, it is necessary to propose an evaluation tool to define more accurately the type of relationship 
of the de-trended data over time.  
 
Refinement of the use of remote sensing data: 
For future assessments, it would be beneficial to examine satellite data at a finer spatial scale, and improve 
methods for using satellite remote sensing data in turbid and eutrophic water bodies. This will be particularly 
useful in variable salinity and coastal habitats of the Greater North Sea, which are typically characterised by 
high turbidity.  It is also important to maintain coherence across multiple criteria: data collection (similar data 
should be used to maintain consistency in results), spatial resolution (similar spatial resolution should be 
maintained across related indicators, such as PH1/FW5, PH3, FW2 and chlorophyll-a concentration indicator, 
and temporal resolution (consistency should be maintained across related indicators in terms of whether 
they examine year-round time-series, or productive months only). It is also important to maintain similar 
consistency about whether to use temporal interpolation to fill gaps for unsampled months which often occur 
during winter. 
 
Refine the pressure-PH2 relationship: 
The origins of the different pressures are unclear at this stage. Despite evidence from literature, future work 
should make the distinction between natural versus human induced pressure as well as the origin of natural 
pressures (e.g., nutrient originating from river run-off or benthic origin or Atlantic flow). 
In addition, introduction of a lag into the variable selection is needed to test for delayed effects of 
environmental pressures on phytoplankton biomass and zooplankton abundance (e.g., the effects of winter 
nutrient concentrations on phytoplankton biomass during the growing season). 
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Métadonnées d’évaluation  

Field Data Type  
Type d’évaluation Liste Évaluation de l'indicateur 

Résumé des 
résultats 

URL https://odims.ospar.org/en/submissions/ospar_plankton_mass_abun
_msfd_2022_06/  

Indicateur ODD Liste 14.2 D’ici à 2020, gérer et protéger durablement les écosystèmes 
marins et côtiers, notamment en renforçant leur résilience, afin 
d’éviter les graves conséquences de leur dégradation et prendre des 
mesures en faveur de leur restauration pour rétablir la santé la 
productivité des océans 

Activité thématique Liste Diversité biologique et écosystèmes 
Documentation 
OSPAR pertinente 

Texte OSPAR Agreement 2010-03 The North-East Atlantic Environment 
Strategy. Strategy of the OSPAR Commission for the Protection of the 
Marine Environment of the North-East Atlantic 2010–2020 
 
OSPAR Agreement 2016-01 OSPAR Coordinated Environmental 
Monitoring Programme (CEMP) 
 
OSPAR Agreement 2021-01 Strategy of the OSPAR Commission for the 
Protection of the Marine Environment of the North-East Atlantic 2030 

Date de publication Date 2023-06-30 
Conditions d’accès 
et d’utilisation 

URL https://oap.ospar.org/fr/politique-de-donnees/  

Instantané de 
données 

URL https://odims.ospar.org/en/submissions/ospar_plankton_changes_sn
apshot_2022_06/  

Résultats des 
données 

Fichier Zip https://odims.ospar.org/en/submissions/ospar_plankton_changes_re
sults_2022_06/  

 

https://odims.ospar.org/en/submissions/ospar_plankton_mass_abun_msfd_2022_06/
https://odims.ospar.org/en/submissions/ospar_plankton_mass_abun_msfd_2022_06/
https://oap.ospar.org/fr/politique-de-donnees/
https://odims.ospar.org/en/submissions/ospar_plankton_changes_snapshot_2022_06/
https://odims.ospar.org/en/submissions/ospar_plankton_changes_snapshot_2022_06/
https://odims.ospar.org/en/submissions/ospar_plankton_changes_results_2022_06/
https://odims.ospar.org/en/submissions/ospar_plankton_changes_results_2022_06/
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Notre vision est celle d’un océan Atlantique Nord-Est propre, sain 
etbiologiquement diversifié, qui soit productif, utilisé de manière 

durableet résilient au changement climatique et à l’acidification des 
océans.
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