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Message clé 

Aucune tendance significative de la diversité du plancton n'a été détectée au cours de la période 2015-2019 
dans les mers celtiques (évaluation de l'indicateur commun), la grande mer du Nord (évaluation pilote) et le 
golfe de Gascogne et la côte ibérique (évaluation pilote). Toutefois, des changements significatifs mais 
transitoires se sont produits dans une unité d'évaluation des mers celtiques (2015) et dans certaines unités 
d'évaluation de la mer du Nord au sens large (2016, 2019). 

Contexte 

Le plancton est un ensemble d’organismes microscopiques présents dans les couches supérieures de l’océan. 
La surveillance de la composition de la communauté planctonique peut permettre d’améliorer notre 
compréhension de la manière dont des modifications durables à long terme et/ou rapides de la diversité du 
plancton peuvent affecter le fonctionnement des écosystèmes marins et avoir un impact sur les services de 
régulation, d’approvisionnement et culturels que les écosystèmes fournissent aux humains.  

Le phytoplancton est extrêmement diversifié, allant des cyanobactéries photosynthétisantes aux micro-
algues vertes ressemblant à des plantes, en passant par les diatomées à armature de silicium, les dinoflagellés 
à flagelles et les coccolithophores à plaques de calcite. Tout comme le phytoplancton, le zooplancton est 
également très diversifié. En s’alimentant du phytoplancton, le zooplancton joue un rôle majeur dans le 
réseau trophique marin, liant le phytoplancton aux poissons, responsable ainsi du transfert d’énergie aux 
niveaux trophiques supérieurs. La composition et l'abondance des espèces de plancton sont continuellement 
influencées par les changements des conditions physiques, chimiques et climatiques. Par conséquent, la 
composition de la communauté planctonique fluctue dans l'espace et sur des échelles de temps très courtes 
(par exemple, heures/jours). Le changement climatique dû aux émissions de gaz de serre, à la pollution et/ou 
à l’eutrophisation (c-à-d, l'apport excessif de nutriments) ou l’élimination des niveaux trophiques moyens 
(par la pêche sélective) sont des perturbations principalement, mais pas exclusivement, induites par 
l'homme. Étant donné que de nombreuses espèces réagissent différemment à l'évolution des conditions 
environnementales, les pressions naturelles et anthropiques peuvent entraîner des changements dans la 
composition des communautés. Par conséquent, la dynamique de la communauté planctonique et ses 
attributs structurels (diversité, dominance, structure de taille, etc.) diffèrent de ceux des communautés 
naturelles (non perturbées). 

En raison de leurs rôles importants et diversifiés dans les écosystèmes marins, la compréhension de la 
dynamique du plancton est essentielle pour une gestion basée sur les écosystèmes. Pour aider à évaluer la 
dominance des espèces (le taxon le plus abondant par rapport aux autres taxons) qui se produit souvent dans 
les zones impactées (par exemple, Bužančić et al., 2016), une analyse de la variance de la communauté est 
effectuée dans le temps et dans l'espace. Dans les écosystèmes fermés, les sites dont la composition en 
espèces évolue peu au fil du temps sont caractérisés par une variance communautaire minimale, tandis que 
les sites qui sont passés à un état pauvre en espèces, ou qui ont connu une amélioration de l'état écologique, 
sont caractérisés par une grande variance communautaire. Ainsi, la direction du changement de variance 
peut être un indicateur de l'état écologique des communautés pélagiques. 

Contexte (version étendue) 
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To quantify changes in biodiversity, indices based on the number of species and / or their relative abundances 
in the community can be calculated. ‘Species richness’ was identified as an Essential Biodiversity Variable and 
an Essential Ocean Variable, a measurement required for studying, reporting, and managing biodiversity 
changes (Pereira et al., 2013). There are many indices in the scientific literature to quantify species diversity 
but their use in a management context depends on: the objective of the study; their ecological relevance and 
redundancy; the mathematical properties; and ease of interpretation by stakeholders (Rombouts et al., 
2019). 

Few community composition indicators of environmental status have been applied to date and this probably 
reflects the difficulty in setting comparison conditions and environmental objectives for these indicators 
(Garmendia et al., 2013). The response of phytoplankton communities to human pressures is often non-linear 
and not always correlative, making it difficult to identify clear state-pressure linkages. On the other hand, the 
main advantage of using diversity indices is their advanced development within the scientific literature and 
their ease of calculation. 

In contrast to indicators of environmental status based on chlorophyll-a, diversity indices (based on 
abundance and richness) are generally calculated on the entire plankton community, including heterotrophic 
species, and will therefore provide additional information for assessing pelagic habitats (Domingues et al., 
2008). The integration of bulk component with composition data may provide an even better understanding 
of environmental conditions, because the inclusion of additional metrics can increase the sensitivity of an 
index (Garmendia et al., 2013). 

Multiple case studies have addressed the existing gaps and difficulties in applying diversity indices. Some 
studies have highlighted difficulties with the selection of appropriate indices (e.g., Richirt et al., 2019), while 
others have assessed environmental status through phytoplankton composition using multiple diversity 
indices (e.g., Francéet al., 2021). They recommended using three categories of indices to assess pelagic 
habitats: richness, evenness, and dominance. Recently, the importance of spatial and temporal scales for 
calculating indices has also been addressed (Francé et al., 2021, Bedford et al., 2020). As discussed in 
Bedford et al., (2020), the temporal scale of the assessment is very important if the assessment system 
requires a comparison index with regard to a comparison period. Among the plethora of other studies on 
diversity indices, few works were only focused on combining α- and β-diversity (e.g., Richirt et al., 2019, 
Mousing et al., 2016) to provide a spatio-temporal view of plankton community composition.  

The current assessment of the PH3 indicator has addressed many of the knowledge gaps discussed in the 
previous assessment for IA 2017. This assessment has also addressed many of the suggestions and gaps 
highlighted by recent scientific literature in the field of diversity and conservation described in the previous 
paragraph. These improvements to the PH3 indicator methodology were partially developed as part of the 
French MSFD assessment in 2018, and are also ongoing as part of the European Union financed NEA-
PANACEA project. 

Méthode d’évaluation 

Plankton assemblages are generally characterised by a few common and many rare species exhibiting spatial 
and temporal compositional variability. Successional processes in plankton communities are driven by local 
to large-scale processes. Taxa undergo complex reactions and interactions response to variation in 
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environmental conditions throughout the year, including seasonal changes in temperature, water column 
mixing/stratification, nutrient loading, and light availability (Chalar, 2009). Other processes undergo cycles 
over periods of days to weeks, such as meteorological events/conditions (wind, rain, cloudiness), and 
hydrological events/structures (upwelling/downwelling, hydrological withdrawal, water level fluctuations, 
temporary or permanent frontal structures at meso or sub-mesoscale). Over the long term, plankton 
assemblages also react to climate change and to large-scale processes, such as variability in atmospheric 
circulation patterns (e.g., North Atlantic Oscillation). Hence, it is important to consider plankton assemblages 
at multiple temporal and spatial scales. The study of plankton assemblages in space and time can be carried 
out by studying plankton diversity. This approach should however consider different elements of the 
community, such as biomass, species composition, taxonomic and functional diversity (Rombouts et al., 
2019). Further investigations within the NEA-PANACEA project will continue the work initiated as part of the 
EcApRHA project to investigate the aggregation of these community elements by combining the PH1/FW5, 
PH2 and PH3 indicators which focus on different, but complementary, attributes of the plankton community. 

Methodology and concept: 

The aim of this assessment using diversity indices was not only to quantitatively describe the community 
composition but also to enhance the ability to detect changes in the structure of the community across 
seasonal and annual scales. Indices to quantify biological diversity are numerous and thus the choice of the 
most appropriate and the most sensitive index to calculate community diversity can be difficult. The method 
has been applied to deliver a common indicator assessment for the Celtic Seas. It has also been tested to 
produce a pilot assessment for the Greater North Sea and Bay of Biscay and Iberian Coast. 

Considering several indices that focus primarily on the number of species (or richness) (e.g., Species richness 
(S), Menhinick (D), and Margalef (d) indices) and/or the dominance of a few species (Shannon, Berger-Parker, 
Patten (R), Gini (D ̂) and Hulburt (δ) indices) within the community will provide a holistic understanding of 
the community structure which would not be possible if these indices were to be assessed independently.  

The PH3 indicator focuses on α-diversity (i.e., the diversity within a site or sample) and β-diversity, which 
focuses on the rate of change, or turnover, in species composition (Rombouts et al., 2019). Caution must be 
taken when using these as diversity indices. Firstly, indices can be biased for a number of reasons: e.g., due 
to sampling effort (Cozzoli et al., 2017), scale of investigation, sampling methods (Rodríguez-Ramos et al., 
2014), advection of new taxa (Lévy et al., 2014), and improvements to taxonomic expertise (Dromph et al., 
2013). A careful description of the level of identification and the abundance within each taxon must be given 
as they strongly impact the results. In addition, plankton communities do not respond linearly to 
anthropogenic pressures. Thus, clear state-pressure relationships are difficult to identify (Garmendia et al., 
2013). 

In this assessment, the Menhinick Index was chosen for assessing species richness of both phytoplankton and 
zooplankton communities as it is the most sensitive index to changes in environmental conditions without 
differentiating natural and anthropogenic sources (Budria et al., 2017, Rombouts et al., 2019). To avoid 
potentially biased results, species richness (S) of phytoplankton and zooplankton were not included in this 
assessment since they are highly correlated with sampling effort and with the level of expertise of 
taxonomists analysing samples. 
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In addition to richness, ‘dominance’ indices are also available in the literature and often highly 
intercorrelated. The investigations made by Budria et al., (2017) and Rombouts et al., (2019) found that the 
Hulburt index better describes the dominance for phytoplankton, whereas the Gini and Patten indices are 
more suited for zooplankton (e.g. Duflos et al., (2017). Furthermore, indices for zooplankton require further 
testing and validation before they can be fully accepted by the scientific community. The procedure has to 
identify which indices are able to identify changes in the community structure on annual and seasonal basis. 

In this assessment, bimonthly plankton data from diverse sources were used (e.g., Continuous Plankton 
Recorder (CPR), microscopy counts, FlowCAM). Index computation was conducted separately for each 
dataset, and separately for zooplankton and phytoplankton. In addition, the computation of the indices was 
considered independently of the taxonomic level. The Menhinick, Hulburt, Gini, and Patten indices were 
calculated for every month. Only years with more than eight months of sample data were used. This 
procedure is spatially consistent with the other pelagic habitat indicators (PH1/FW5 and PH2) and with the 
food web indicator 2 (FW2 primary production) since the same assessment units were used. Missing data 
were not interpolated in this assessment, as interpolation at level of individual taxa can introduce large biases 
in species abundance. 

The Menhinick index (D; Whittaker, 1977) measures taxonomic richness but is more sensitive to 
environmental change than other richness indices. The Menhinick index is given by the following equation:  

 

 where S is the number of taxa and N is the number of individuals. 

The Hulburt Index (δ; Hulburt, 1963) is a measure of dominance and is relatively easy to interpret since it is 
expressed as a percentage. Its formula is as follows: 

 

where n1 is the abundance of the dominant genus and n2 is the abundance of the second most abundant 
genus and N is the total abundance. 

To relate the Hulburt Index to environmental pressures, the ‘100 - δ’ value was used, in line with the classic 
theory in which dominance phenomena and changes in community composition occur in impacted areas 
(Howarth et al., 2000; Facca et al., 2014). 

The Gini coefficient (D ̂; Gini, 1912) is a measure of dominance. It is considered one of the best indices to 
describe α-diversity (Beaugrand and Edwards, 2001). The Gini coefficient is given by the formula: 
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where λ is the Simpson Index, which is expressed as: 

 

where niis the abundance of the species i, N is the total abundance and S is the number of species in the 
sample. 

The Patten index (R; Patten, 1962) is a measure of dominance which is sensitive to the taxonomical level of 
determination. Thus, the strategy of analysis should influence the calculation of this index. For the current 
assessment, this bias was avoided by treating each dataset separately. Each contracting parties or owner of 
the datasets was assumed to overcome this bias prior sending the datasets. The Patten index is described by: 

 

where H’ is the value of the Shannon-Weaver index for the considered sample/community, H’max is the 
highest value of the index among the different samples/communities and H’min is the lowest. 

The Shannon-Weaver index (H’; Shannon and Weaver, 1949), which is another measure of diversity, is 
described by: 

 

where N is the number of individuals, S is the number of species and ni is the abundance of species i. 

Another category of indices exists to quantify the onset and amplitude of variation in the community 
structure. Temporal β-diversity is the variation in community composition with time within a study area 
(Legendre and Gauthier, 2014). More specifically, the Local Contribution to Beta Diversity (LCBD) indicates 
how much each observation in a time-series contributes to β-diversity; for example, a site with an average 
species composition would have an LCBD value of 0. Large LCBD values may indicate sampling units (in time) 
characterised by high conservation value, or degraded and species-poor sites that are in need of restoration 
(Legendre and De Cáceres, 2013). High values may also correspond to special ecological conditions, or may 
result from the disturbance effect of invasive species (i.e., differing from normal conditions in a positive or a 
negative way). As such, LCBD indices are comparative indicators of the ecological uniqueness of the sampling 
units along the time series. Temporal β-diversity was computed as the total community composition variance 
across years following the method described in detail by Legendre and De Cáceres (2013; Figure a). 
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Figure a: Schematic diagram representing the method used to compute β-diversity as the total variance in 
species composition (adapted from Legendre and De Caceres, 2013) 

While the β-diversity index (LCBD) reports the temporal changes of the community and their significance, the 
α-diversity indices report the state of the community (Rombouts et al., 2019). Consequently, the 
computation of β and α-diversity are consecutive. If the β -diversity index indicates significant community 
change, then subsequent computation of α-diversity indices can address the nature of change to highlight 
whether richness, dominance, or both are responsible for the detected changes. 

Detection of taxa responsible for atypical composition 

When the LCBD was found significant, the detection of the taxa responsible for the atypical composition was 
processed using the Important Value Index (IVI). It is a measure of the importance of a taxon in terms of its 
relative density and frequency to the rest of the community within a given site. The IVI is computed according 
to the following formula: 

 

Where relative density corresponds to the abundance ratio of a given taxa over the total abundance in the 
sample, and relative frequency represents the proportional occurrence of the given taxa relatively to the 
total number of taxa considered in the sample (Curtis and McIntosh, 1950; Mukherjee et al., 2010). Its 
application to the PH3 indicator has been successfully demonstrated by other researchers (Duflos et al., 2018; 
Rombouts et al., 2019). 

Integration of the α and β-diversity indices 
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Biological assessment results need to be expressed using a numerical between zero and one, the ‘Ecological 
Quality Ratio’ (EQR, van de Bund and Solimini, 2007). The computation of the EQR was done for each diversity 
index (phytoplankton: Menhinick, 100-Hulburt and LCBD; zooplankton: Menhinick, Gini, Patten and LCBD). 
The EQR makes the results for a single α and β-diversity index calculation comparable across assessment 
units. For each plankton component, three α and β-diversity indices were integrated and simplified into an 
EQR per index. 

This measure compares the conditions (e.g., values of an index) of an assessment period to the conditions 
from a comparison period. For each previously calculated diversity index, the conditions of the comparison 
period (i.e., comparison values) are defined as the maximum value of each α-diversity (and 100-Hurlburt) 
index and the minimum value of LCBD, because these values may be associated with good ecological status 
of plankton communities. Values of EQR close to 0 result in conditions far from those of the comparison 
period, whereas values of EQR close to 1 indicate conditions close to those of the comparison period (Figure 
b). The EQR was applied on multiple fixed stations in the French ecological evaluation of the Pelagic Habitat 
in 2018 (Duflos et al., 2017). The current OSPAR PH3 assessment also employs the EQR through a continuous 
scale. The EQR requires further validation which will be carried out as part of the NEA-PANACEA project. We 
also tested the computation of a mean EQR which is the average of the EQRα and the EQRβ under a single 
metric. As the development of the mean EQR is still ongoing, it is only computed for fixed stations and 
compared to the EQRα and EQRβ. 

The EQRα for dominance and richness indices is defined as: 

 

The maximum values of dominance and richness indices are set as comparison values. 

The EQRβ for LCBD is defined as: 

 

The minimum value of LCBD is set as the comparison value since the lower the LCBD, the more evenly 
distributed the species. 
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Figure b: Ecological Quality Ratio (EQR) and its significance in relation to the comparison conditions (from 
Duflos et al., 2017). In the current OSPAR assessment, the EQR is used as a continuous metric, from 0 to 1 
with values of EQR close to 0 indicating high dominance, low richness in the sample and “atypical” community 
structure. Values of EQR close to 1 indicate low dominance, high richness in the sample and “typical” 
community structure. Arbitrary classes were displayed as illustration. 

Kendall trend test and statistic: 

The trend in annual EQRβ over time was assessed with the Kendall trend test. The test was performed on 
annual EQRβ values, rather than monthly or seasonal values, to account for the inter-annual variation in 
diversity and to remove the cyclical seasonal effects. This nonparametric test generates a statistic which is 
derived by comparing each value in a time-series with each of the values preceding it. If a latter value is 
greater than a previous one, the pairwise comparison is assigned a value of 1. If it is smaller, it is assigned a 
value of -1, with 0 assigned to cases when there is no difference between values. The sum of the pairwise 
comparisons for the time-series produces Kendall’s S-statistic. The variance in the S-statistic is used to derive 
a Z-score with an approximately normal distribution; thus, confidence in this statistic can be assessed with 
an associated p-value, with p ≤ 0,05 generally accepted as statistically significant change. The sign of the test 
statistic reveals the direction of the trend, with a positive or negative statistic indicating an increasing or 
decreasing trend, respectively. The magnitude of the statistic is proportional to the strength of the trend. A 
benefit of this test is that it can be applied identically to transformed and non-transformed data. It also has 
the advantage that trends in the EQRβ are comparable across datasets and assessment units. The Kendall 
trend test applied to the EQR identifies long-term / permanent (significant trend test and significant LCBD) 
or episodic change in composition (non-significant trend associated with significant LCBD). This test result 
can also be significant while the LCBD is non-significant, indicating gradual long-term or permanent changes 
in community composition. 

Previous assessment: 

For the previous assessment (OSPAR Intermediate Assessment; IA2017) a pilot assessment of the PH3 
candidate indicator was produced for the Greater North Sea and the Bay of Biscay and Iberian Coast as only 
a small amount of data was available. The choice of the best indices to study community composition was 
still in an early stage of testing, especially for zooplankton where more methodological development was 
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needed. In IA2017, the pilot assessment of PH3 was carried out using a limited amount of phytoplankton 
data so that the indicator could describe the state and change in phytoplankton community composition in 
time but not the variability in space. Building on the work carried out by Budria et al., (2016) and Duflos et 
al., (2017), the statistical significance of community change can now be calculated and the EQR is suggested 
as a measure to integrate the different diversity indices into a single value for quality status assessment. The 
present assessment maintains the core methodology used for IA2017 but now includes important 
improvements for more intuitive interpretation of the indicator results, as described above. Most of these 
improvements have already been tested and applied as part of the French assessment of pelagic habitat for 
the MSFD in 2018 (Duflos et al., 2017).  

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’ (Figure c). 
Assessment units within the Greater North Sea and Celtic Seas (OSPAR Regions II and III, respectively) were 
initially developed by Deltares 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 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, extending 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. 



 

12 of 48  

OSPAR Commission   

 

 

Figure c: COMP4 assessment units developed by JMP-EUNOSAT and OSPAR. Available at: 
https://odims.ospar.org/en/submissions/ospar_comp_au_2023_01/ 

Classification of the pelagic habitats 

Following the European Commission (2017) establishing criteria and methodological standards to determine 
good environmental status of marine waters, the COMP4 assessment units and the fixed-point stations are 
associated with particular habitat types within their corresponding OSPAR region (table a). Habitat 
identifications were processed following strict criteria according to surface mean salinity and their mean 
depth. Four habitats were identified: variable salinity habitat (corresponding to river plumes and region 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). 

https://odims.ospar.org/en/submissions/ospar_comp_au_2023_01/
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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 

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 

CER Coastal FR Channel 34,2 33 
Coastal 

II 

CIRL Coastal IRL 3 34,0 65 III 
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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 

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 

CUCK 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 
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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 

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 

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 
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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 

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 
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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 

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 

Oceanic / 
Beyond shelf 

II, IV, V 

NAAO1 
NorAtlantic Area NOR-
NorO1 

No information 
No 
information 

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 

Variable salinity II 

Norderney  No information 
No 
information 

Variable salinity II 

Scalloway  No information 
No 
information 

Variable salinity II 
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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 

Scapa  No information 
No 
information 

Variable salinity II 

Bay of Mount  No information 
No 
information 

Variable salinity II 

Taw estuary  No information 
No 
information 

Variable salinity III 

Bristol channel 1 
& 2 

 No information 
No 
information 

Variable salinity III 

Milford Haven 1 
& 2 

 No information 
No 
information 

Variable salinity III 

Carmarthen Bay 
1 & 2 

 No information 
No 
information 

Coastal III 

Cleddau estuary  No information 
No 
information 

Variable salinity III 

Cleddau river 1, 2 
& 3 

 No information 
No 
information 

Variable salinity III 

Stour estuary  No information 
No 
information 

Variable salinity II 

Carrick roads  No information 
No 
information 

Variable salinity II 

Loch Ewe  No information 
No 
information 

Variable salinity III 
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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 

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 

A17  No information 
No 
information 

Shelf II 

N14 Falkenberg  No information 
No 
information 

Coastal II 

E2CO  No information 
No 
information 

Coastal IV 

E3VI  No information 
No 
information 

Coastal IV 

Plankton data 

A total of 24 datasets were provided from 14 sources. Data filtering methods were applied to eliminate 
datasets which were out of the scope for this assessment (time-series with less than 5 years which is the 
minimum length necessary for accurate assessment, stations located within WFD areas or only partial 
plankton identification). Of the 24 datasets, 14 were retained after this pre-analysis step, 9 concerning 
phytoplankton abundance and 5 concerning zooplankton abundance. Data from ongoing monitoring within 
OSPAR assessment regions will be used in the future (e.g., VLIZ data from Belgium). To minimise bias in the 
calculation of these indices, each dataset was analysed separately. The datasets used for this assessment are 
described in Table b. 
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Only the datasets from PML (UK) and NLWKN (DE) were from fixed-point station times-series. The remaining 
datasets were station data acquired during regular monitoring transects (oceanographic cruises) from the 
other research institutes (e.g., SMHI, RWS, VLIZ, LLUR and IEO). Non-station data used here were acquired 
through the deployment of the Continuous Plankton Recorder (CPR) from the UK Marine Biological 
Association onboard ‘ships-of-opportunity’. 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 in the PH1 indicator assessment ), as was the case for CPR data along the west of Scotland 
(Intermittently Stratified 1) and Ireland (Atlantic Seasonally Stratified). 

Table b: Contracting Parties and institutes that provided the datasets used for the pelagic assessment. 

Contracting 
Party 

Institute Dataset name 
Date 
range 

Germany 

Bundesamt für Seeschifffahrt und 
Hydrographie (BSH) 

BSH_Phyto_Zoo 
2008-
2011 

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

OSPAR_LLUR-SH_2010-2020 
2010-
2020 

Niedersächsischer Landesbetrieb für 
Wasserwirtschaft, Küsten und 
Naturschutz (NLWKN) 

OSPAR_NLWKN_1999-19_phyto 
1999-
2019 

Spain Instituto Espanol de Oceanografia (IEO) 

IEO_RADIALES_Phyto 
1989-
2016 

IEO_RADIALES_Zoo 
1991-
2018 

Sweden 
Swedish Meteorological and 
Hydrological Institute (SMHI) 

National data_SMHI_Kattegat-Dnr: S/Gbg-
2021_116_phyto 

1989-
2021 

National data_SMHI_Kattegat-Dnr: S/Gbg-
2021_116_zoo 

1996-
2020 

National data_SMHI_Skagerrak-Dnr: 
S/Gbg-2021_116_phyto 

1986-
2020 

https://oap.ospar.org/fr/ospar-assessments/quality-status-reports/qsr-2023/indicator-assessments/changes-plankton-communities/
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Table b: Contracting Parties and institutes that provided the datasets used for the pelagic assessment. 

Contracting 
Party 

Institute Dataset name 
Date 
range 

National data_SMHI_Skagerrak-Dnr: 
S/Gbg-2021_116_zoo 

1996-
2020 

United 
Kingdom 

Centre for Environment, Fisheries and 
Aquaculture Science (Cefas) 

Cefas SmartBuoy Marine Observational 
Network - UK Waters Phytoplankton Data 
2001-2019 

2001-
2019 

Environment Agency (EA) EA PHYTO 2000-2020 
2000-
2020 

Marine Biological Association (MBA) CPR dataset 1960-2019 
1960-
2019 

Marine Scotland Science (MSS) 

MSS Scalloway Phytoplankton dataset 
2000-
2018 

MSS Loch Ewe Phytoplankton 
2000-
2020 

MSS Loch Ewe zooplankton 
2002-
2017 

MSS Scapa Phytoplankton dataset 
2000-
2020 

MSS Stonehaven Phytoplankton 
2000-
2020 

MSS Stonehaven zooplankton 
1999-
2020 

Plymouth Marine Laboratory (PML) PML_L4 phytoplankton 
1992-
2020 
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Table b: Contracting Parties and institutes that provided the datasets used for the pelagic assessment. 

Contracting 
Party 

Institute Dataset name 
Date 
range 

PML_L4 zooplankton 
1988-
2020 

Scottish Association for Marine Science 
(SAMS) 

SAMS-LPO-Phyto-Dec2021 

1970-
1981 

2000-
2017 

Relationship between environmental pressures and plankton diversity 

Environmental variables were selected according to their relevance to determine the most important 
pressure in plankton diversity. The set of environmental variables used originated from different models 
targeting the North-East Atlantic area (Table c). The link between the PH3 and the pressures was done using 
the LCBD results as previous studies have demonstrated the ability to link environmental parameters to the 
LCBD (Vilmi et al., 2017). The EQRβ was used to maintain consistency and harmonisation among the COMP4 
units. 

The first step consisted in 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 monthly 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, the random forest algorithm was applied to determine the best combination of environmental 
variables for predicting plankton diversity without collinearity test performed prior to analysis. The algorithm 
is based on the combination of predictions made by multiple regression trees (in this case, k = 1000 trees) 
with the optimal tree (defined as the best combination of variables) obtained by majority voting. 
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Prior to analysis, the original datasets were split in 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 silicates were pooled under the term "nutrient”. The same procedure was applied 
for AMO and NAO which were pooled under the term "Climate indices". 

Table c: List of environmental variables used as pressures. 

Variable name Description 
Abbreviatio
n 

Source 

Sea surface 
temperature 

Temperature 
of surface 
layer, as 
measured by 
satellite 

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

Salinty 
Salinity of the 
surface area 

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

Total oxidised 
nitrogen 

Total 
oxidised 
nitrogen 
concentratio
n in surface 
layer 

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

Nitrate 

Nitrate 
concentratio
n 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_nutrient
s.php 

Phosphate 

Dissolved 
inorganic 
phosphate 
concentratio

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


 

24 of 48  

OSPAR Commission   

 

n of the 
surface layer 

https://www.westernchannelobservatory.org.uk/l4_nutrient
s.php 
  

Total phosphoro
us 

Total 
dissolved 
inorganic 
phosphorous 
concentratio
n of the 
surface layer 

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

N:P ratio 

The ration of 
molar 
nitrogen 
concentratio
n to molar 
phosphorus 
concentratio
n 

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_nutrient
s.php and 
Marine Scotland Science (MSS): 
https://doi.org/10.7489/1881-1 

Silicate 

Dissolved 
silicates 
concentratio
n of the 
surface layer 

Si 

In situ data from Marine Scotland Science (MSS): 
https://doi.org/10.7489/1881-1; 
Plymouth Marine Laboratory (PML): 
https://www.westernchannelobservatory.org.uk/l4_nutrient
s.php; 
In situ data from Aarhus University (Svendsen et al. 2005) 

Wind speed 
Wind speed 
(proxy of 
turbulence) 

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 
homogenous 
wth depth 

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

https://www.westernchannelobservatory.org.uk/l4_nutrients.php
https://www.westernchannelobservatory.org.uk/l4_nutrients.php
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://www.westernchannelobservatory.org.uk/l4_nutrients.php
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
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Light attenuation 

The 
extinction 
coefficient 
for the 
vistibile light 
in the water 
column 

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

Precipitation 
Rate of 
precipitation 

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 
reported on 
total scale 

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

Monthly NAO 

The North 
Atlantic 
Oscillation is 
a weather 
phenomoeno
n over the 
North 
Atlantic 
Ocean of 
fluctuations 
in the 
difference of 
atmospheric 
pressure at 
sea level 
between the 
Icelandic Low 
and the 
Azores High 

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

https://doi.org/10.48670/moi-00058
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://www.ncdc.noaa.gov/teleconnections/nao/
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AMO 

The Atlantic 
Multidecadal 
Oscillation is 
the theorised 
variability of 
the sea 
surface 
temperature 
of the North 
Atlantic 
Ocean on the 
timescale of 
several 
decades 

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

Addressing PH3 quality status 

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. The quality status had been defined by the change in 
indicator value 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 provides a detailed explanation of the 
different categories. 

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 

Résultats 

https://psl.noaa.gov/data/timeseries/AMO/
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Les modifications de la diversité ont été étudiées à l’échelle régionale en évaluant les changements à long 
terme dans les données CPR (1960-2019) et à l’échelle locale à partir de stations de surveillance fixes (1989-
2019). Pour comparer la composition des communautés entre les unités d’évaluation, la  β-diversité a été 
intégrée par le biais d'un rapport annuel de qualité écologique (EQRβ). Alors que l'évaluation du PH3 a été 
adoptée comme indicateur commun dans les mers celtiques, le PH3 est resté une évaluation pilote dans la 
mer du Nord au sens large, le golfe de Gascogne et la côte ibérique.  Cependant, les résultats obtenus dans 
les différentes Régions OSPAR sont présentés ici. 

De 2015 à 2019, sur une base annuelle pour les 64 unités d’évaluation COMP4 et les 20 stations (stations 
fixes et stations qui font partie de campagnes de surveillance régulières), un total de 189 calculs a été 
entrepris à travers les ensembles de données sur le phytoplancton (Figure 1 ; 2015 : 41 ; 2016 : 42 ; 2017 : 39 
; 2018 : 36 et 2019 : 31). 70 % des EQRβ étaient faibles (n = 132), ce qui indique une composition atypique 
par rapport à la période de comparaison (avant 2015). 23 % des EQRβ étaient intermédiaires, indiquant que 
la composition de la période d'évaluation était modérément différente de celle de la période de comparaison. 
Enfin, dans 10 des 189 sites d'évaluation (COMP4 et stations), l'EQRβ était supérieur à 0,6, ce qui indique que 
la composition était très proche de celle de la période de comparaison. Malgré le grand nombre de valeurs 
EQR faibles, une seule zone présentait une composition atypique significative (CWMTI ; valeur p LCBD < 0,05 
; Figure 1). Le test de tendance de Kendall a révélé que seule l'IRS (mer d'Irlande ; mers celtiques) présentait 
une tendance à la baisse de l'EQR (Z-score = -1 ; valeur p < 0,05), ce qui suggère un changement doux mais à 
long terme de la composition. Le résultat non significatif du test de tendance de Kendall pour l'unité CWMTI 
indique que le changement de composition est épisodique. 
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Figure 1 : Évolution de l’EQRβ annuel des indices de phytoplancton au cours de la période d'évaluation (2015-
2019). Les EQRβ faibles indiquant une grande différence entre la valeur de comparaison de l'EQRβ et la valeur 
annuelle de l'EQRβ sont affichées en jaune ; les EQRβ élevés indiquant une légère différence entre la valeur 
de comparaison de l'EQRβ et la valeur de l'EQRβ annuelle sont affichées en bleu foncé. Les zones blanches 
indiquent l'absence de données ou des données insuffisantes pour évaluer la zone. Les unités COMP4 
présentant une composition atypique significative (valeur p LCBD < 0,05) sont représentées par des zones en 
pointillés. Les stations fixes de surveillance présentant une composition atypique significative (valeur p LCBD 
< 0,05) sont représentées par des points sombres. 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 à travers des unités d'évaluation beaucoup 
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plus grandes. Il s'agit d'une figure hybride montrant les résultats de l'évaluation de l'indicateur commun pour 
les mers celtiques et de l'évaluation pilote pour la mer du Nord au sens large, le golfe de Gascogne et la côte 
ibérique. 

 

Figure 2 : Évolution de l’EQRβ annuel des indices de zooplancton au cours de la période d'évaluation (2015-
2019). Les EQRβ faibles indiquant une grande différence entre la valeur de comparaison de l'EQRβ et la valeur 
annuelle de l'EQRβ sont affichées en jaune ; les EQRβ élevés indiquant une légère différence entre la valeur 
de comparaison de l'EQRβ et la valeur annuelle de l'EQRβ sont affichées en bleu foncé. Les zones blanches 
indiquent l'absence de données ou des données insuffisantes pour évaluer la zone. Les unités COMP4 
présentant une composition atypique significative (valeur p LCBD < 0,05) sont représentées par des zones en 
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pointillés. Les stations fixes de surveillance présentant une composition atypique significative (valeur p LCBD 
< 0,05) sont représentées par des points sombres. 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 à travers des unités d'évaluation beaucoup 
plus grandes. Il s'agit d'une figure hybride montrant les résultats de l'évaluation de l'indicateur commun pour 
les mers celtiques et de l'évaluation pilote pour la mer du Nord au sens large, le golfe de Gascogne et la côte 
ibérique. 

 

Pour le zooplankton, 147 calculs ont été entrepris (64 unités COMP4 et 20 stations; Figure 2; 2015: 32; 2016: 
32; 2017: 29; 2018: 28 et 2019: 25). 4 % des EQRβ (n = 6) étaient élevés, ce qui indique que la composition 
était proche de celle de la période de comparaison. 13 % étaient intermédiaires indiquant que la composition 
de ces sites (COMP4 et stations) était modérément différente de celle de la période de comparaison. Enfin, 
dans 122 des 147 sites d’évaluation (83 %), l’EQRβ était faible, révélant que la composition est très différente 
par rapport à la période d’évaluation. Parmi les 12 valeurs EQRβ les plus faibles, 8 sites (CWM : 2015 ; NT : 
2015 ; ECPM1 : 2016 ; ENS : 2016 ; NNS : 2016 ; SNS : 2016 ; SNS et Anholt en 2019) – pour la plupart dans la 
mer du Nord au sens large – avaient des LCBD (p-valeur < 0,05 ; Figure 2) révélant une composition atypique. 
Les tendances n'étaient pas significatives, ce qui suggère que les changements de composition sont restés 
épisodiques. 

Les liens entre la diversité du phytoplancton (Figure 3) et du zooplancton (Figure 4) et les pressions ont fourni 
des preuves de l’impact des variables climatiques. La variabilité naturelle du climat (par exemple, l'AMO) 
était un lien fort pour le phytoplancton et le zooplancton dans le golfe de Gascogne et sur la côte ibérique. 
La diminution du pH était également fortement corrélée à la diversité du phytoplancton dans les habitats 
côtiers des mers celtiques. Les nutriments (un indicateur de l'eutrophisation et de la qualité de l'eau) étaient 
également liés directement et indirectement aux communautés de phytoplancton dans les habitats à salinité 
variable de la mer du Nord au sens large, les habitats côtiers des mers celtiques et les habitats du plateau 
des mers celtiques, du golfe de Gascogne et de la côte ibérique. Ces relations indiquent que l'état de qualité 
de l'habitat à salinité variable des mers celtiques est "Pas bon", alors que l'état de qualité des habitats du 
plateau des mers celtiques est "Inconnu". De plus amples détails sur ces résultats peuvent être trouvés dans 
la section « résultats étendus », étant donné que cette approche d'intégration peut obscurcir les relations 
locales. 
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Figure 3 : Variables les plus importantes concernant l'évolution de la diversité du phytoplancton au cours de 
la période d'évaluation (2015-2019) dans les unités d'évaluation COMP4. Il s'agit d'une figure hybride 
montrant les résultats de l'évaluation de l'indicateur commun pour les mers celtiques et de l'évaluation pilote 
pour la mer du Nord au sens large, le golfe de Gascogne et la côte ibérique. Disponible via: 
https://odims.ospar.org/en/submissions/ospar_changes_plank_div_var_2023_06_001/  

https://odims.ospar.org/en/submissions/ospar_changes_plank_div_var_2023_06_001/
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Figure 4 : Variables les plus importantes concernant l'évolution de la diversité du zooplancton au cours de la 
période d'évaluation (2015-2019) dans les unités d'évaluation COMP4. Il s'agit d'une figure hybride montrant 
les résultats de l'évaluation de l'indicateur commun pour les mers celtiques et de l'évaluation pilote pour la 
mer du Nord au sens large, le golfe de Gascogne et la côte ibérique. Disponible via: 
https://odims.ospar.org/en/submissions/ospar_changes_plank_div_var_2023_07_001/  

Résultats (version étendue) 

In the previous assessment (OSPAR Intermediate Assessment; IA2017), diversity indices were computed on 
a monthly and annual basis to report seasonal and inter-annual changes, respectively. This descriptive 
methodology was inadequate for assessing spatial comparisons among assessment units. Recent 
improvement through the use of the EQR for the French MSFD was applied by Duflos et al., (2017). The use 
of the EQR makes it possible to integrate the information of diversity indices and compare the quality status 

https://odims.ospar.org/en/submissions/ospar_changes_plank_div_var_2023_07_001/
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across the assessment units directly. Further developments are required, by integrating the direct effect of 
sampling effort, while correcting indices with the Hill approach. 

Investigation of nature of change: relation between α- and β-diversity and computation of the IVI 

Phytoplankton diversity 

Significant result coincided with the lowest EQRβ value obtained as well as low α-diversity (D = 0,01 and 
100 − 𝛿𝛿 = 19). However, this significant result is due to the large variation of the number of months assessed 
between years. 

Zooplankton diversity 

Across the OSPAR regions, the pilot assessment of the Greater North Sea was the only case where significant 
change in the indicator was detected. Winter months were generally characterised by the highest richness 
compared to other seasons. A strong seasonal pattern was observed for each area. Richness was higher in 
winter in the CWM (figure d), NNS (Figure f), ENS (Figure g), ECPM1 (Figure e) and SNS units (Figure h) than 
during spring or summer. The strongest seasonal pattern was observed in the CWM, NNS and ENS units, 
while for the ECPM1 and SNS units it was less variable. While ECPM1 and NNS had the same richness pattern 
since 1960, periods of change were observed for the other spatial units. In the CWM unit, a first change 
occurred in the 80’s with increasing richness in early winter months while a second change occurred in 2007 
with increasing richness in late winter months. These changes were not due to changes in sampling efforts 
as the number of samples remained equal between years. In the SNS unit, a first change happened in the 
90’s with increasing richness in early winter months, while a second change was detected around 2010 with 
increasing richness in late winter months. Finally, in the ENS unit, richness increases occurred for early winter 
months around 2000 and for late winter months around 2007. 

  
 

Figure d: Interannual Menhinick Richness index (left) and Patten dominance index (middle) per month and 
Important Value Index in 2015 (IVI; right) within the CWM unit. 
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Figure e: Interannual Menhinick Richness index (left) and Patten dominance index (middle) per month and 
Important Value Index in 2016 (IVI; right) within the ECPM1 unit. 

 

  
 

Figure f: Interannual Menhinick Richness index (left) and Patten dominance index (middle) per month and 
Important Value Index in 2016 (IVI; right) within the NNS unit. 

 

  
 

Figure g: Interannual Menhinick Richness index (left) and Patten dominance index (middle) per month and 
Important Value Index in 2016 (IVI; right) within the ENS unit. 
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Figure h: Interannual Menhinick Richness index (left) and Patten dominance index (middle) per month and 
Important Value Index in 2019 (IVI; right) within the SNS unit. 

Regarding the dominance, the patterns were less clear. It was apparently higher for winter months in the 
CWM, ECPM1 and SNS units. Some shifts in dominance within years were evident. For example, in the CWM, 
ENS and SNS units, the dominance shifted from winter to summer around the year 2000. In ECPM1, 
dominance was high in winter and summer until 1985. After 1985, summer dominance began to decrease. 
In the NNS, dominance was high in spring and remained consistent since 1960. 

Within the different spatial units presented above, the assessment period exhibited atypical years. The IVI 
detected the five most important taxa responsible of the atypical composition. It is important to note that 
the highest IVI also corresponds to the highest dominance. The most important taxa were Acartia spp. 
(ECPM1, CWM, SNS), appendicularians and echinoderms larvae (ENS), and Calanus spp. (NNS). Further 
analyses should determine the factors responsible for this shift and the ecological relevance of these taxa in 
ecosystem functioning. 

Computation on fixed-points stations and relation between the EQRα, EQRβ and mean EQR 

In addition to spatio-temporal analysis (i.e., CPR dataset), in the pilot assessment of the Greater North Sea, 
examples of the EQR computed for each index at different fixed-point stations were displayed for 
phytoplankton (Figure i) and zooplankton (Figure j). For phytoplankton, the average EQR of station 
‘Norderney’ (located in the German North Sea) was always higher than average EQR of ‘L4’ (located in the 
Channel Well Mixed unit). Both stations exhibited similar diversity dynamics over time. Menhinick EQR 
tended to increase, whereas 100-Hulburt EQR showed a decrease trend at both stations. This indicates 
unexpected increases in richness and dominance. Further investigation of the number of species (S) must be 
carried out as it may explain the increasing Menhinick EQR. The LCBD EQR was high in 2011 and 2012, 
revealing that the sites had a ‘common community composition’ before decreasing since 2012 towards an 
‘uncommon community composition’ (e.g., Dansereau et al., 2021). Put in simpler terms, the higher the EQR 
of the LCBD is, the lower the LCBD, and thus the lower the rate of change in species composition. 
Consequently, the mean of EQRs showed that the conditions were intermediate but the EQR and 
consequently, the diversity, tended to decrease, congruent with the 100-Hulburt EQR. 
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Figure i: Evolution of Menhinick EQR, Hulburt EQR, the LCBD EQR and the mean EQR for phytoplankton 
samples at station L4 and NLKWN. Horizontal dotted lines represent the average EQR index of the whole 
time series. The vertical dotted line represents the start of the assessment period (2015). 

For zooplankton, patterns observed in the EQR for non-station data (i.e., the CPR; Figure 2) were also 
observed for fixed-point station datasets (Figure j). The richness quantified at Släggö (Kattegat) was lower 
than richness at L4 (Western English Channel) and RAD_3 (Iberian coast). Variations in zooplankton were 
more complex to interpret than for phytoplankton. A combination of effects may be responsible for such 
complex patterns (e.g., predator-prey interactions and fluctuations in environmental parameters, especially 
in coastal areas). Further investigation is required to draw connections with the pressures responsible for 
driving these changes, however this will be resource dependent. Connection with other relevant pelagic and 
food web indicators should help to address changes in zooplankton community composition. 
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Figure j: Evolution of Menhinick EQR, Patten EQR, LCBD EQR and mean EQR for zooplankton samples at 
station L4, Släggö and a Rad_3 (a station from the Iberian coast). Horizontal dotted lines represent the 
average index EQR for the whole time-series. The vertical dotted line represents the start of the 
assessment period (2015). 

Linking pressures and the PH3 

Previous studies have demonstrated the ability to link environmental parameters to the LCBD (Vilmi et al., 
2017). Therefore, it is also possible to link the environmental parameters to the LCBD EQR because the EQR 
is simply a harmonisation of the LCBD allowing for the comparison between the COMP4 assessment units. 
As a reminder, a decrease in the EQR of the LCBD is related to dissimilarity (i.e., less evenness) between 
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samples within a year, or a shift toward an atypical composition whereas an increase of the EQR of the LCBD 
is related to evenness between samples within a year or a shift toward a typical composition. 

In the following section it is important to note that pressure selection was done prior the analysis. While 
nutrients (phosphate, nitrate and silicate) were not directly linked to zooplankton, we decided to exclude 
them of the analysis. The section reports the trend in the EQR, the linkage with the most important variables 
and the relation between the EQR and the most important variable for the assessment period only (2015–
2019). 

In the Greater North Sea, the pilot assessment results have shown an increase in the EQR for phytoplankton 
within the variable salinity habitats, which is related to an increase in the N:P ratio. Unbalance between 
nitrogen and phosphate can alter the trophic state of pelagic habitats, resulting in changes in community 
composition. Decrease of zooplankton EQR toward an atypical community composition was observed in 
variable salinity habitat and link to sinking mixed layer depth. In some cases sinking mixed layer depth can 
be a consequence of climate change. In coastal habitats of the Greater North Sea, zooplankton EQR presented 
a downward shift toward an atypical composition as wind speed increases which might also be related to 
climate change. Coastal habitats were also characterised by increasing N:P ratio, while the phytoplankton 
EQR remained stable over the same period. Despite a highest overall rank for the coastal habitat, N:P ratio 
was never the best variable for modelling phytoplankton EQR within each assessment unit. While shelf 
habitats displayed an overall upward trend in EQR for phytoplankton, linked to increasing light attenuation, 
almost one third of the assessment units in this habitat exhibited phosphorus as the most important variable 
(Eastern North Sea, Channel well mixed tidal influenced and Scottish Sea). Zooplankton showed an upward 
trend in EQR as the MLD is decreasing. In shelf habitats, phytoplankton may be the cause of the decrease of 
light penetration in the water column through the increase of organic particle load. Links with the PH2 
common indicator “Changes in Phytoplankton Biomass and Zooplankton Abundance” and the Food web 
candidate indicator FW2 “Pilot Assessment of Primary Productivity” may help further our understanding of 
this relationship. Regarding the results and the explanations above, the quality status of variable salinity and 
coastal habitats of the Greater North Sea were determined “Not good” while the status of shelf habitats has 
remained “Unknown” (Table e). 

In coastal habitats of the Celtic Seas, decreasing pH was correlated with a downward trend towards an 
atypical composition of phytoplankton communities. This relationship between pH and phytoplankton 
diversity should be evaluated cautiously as phytoplankton impact directly pH through the ingestion of DIC to 
fuel growth and reproduction. Further analysis is necessary to quantify phytoplankton’s contribution to pH 
variability. Similarly, the EQR of zooplankton composition was characterized by a downward trend towards 
atypical composition, linked to increasing salinity. For phytoplankton, the quality status of coastal habitats is 
“Not good” whereas the quality status for zooplankton remained “unknown”. In shelf habitats, decreasing 
phosphate concentration is likely to be linked with downward trend towards atypical composition for 
phytoplankton. Despite the best overall rank in coastal habitat, phosphate has been related as the most 
important pressure only in the Scottish Sea spatial unit. In water quality management, decreasing phosphate 
concentration may indicate improvements toward better water quality. Therefore, the relationship with 
phytoplankton has remained “Unknown” as further investigations are required. In addition, zooplankton 
showed an upward trend in EQR linked with decreasing light attenuation. Phytoplankton may be the cause 
of the increase of light penetration in the water column through a decrease of chlorophyll-a. Link with the 

https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/indicator-assessments/changes-plankton-biomass-abundance/
https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/indicator-assessments/primary-prod-pilot-assessment/
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PH2 indicator “Changes in phytoplankton biomass” may help understanding this relationship. Regarding the 
results and the explanations above, the quality status of coastal habitats of the Celtic Seas were determined 
“Not good” while the status of shelf habitats has remained “Unknown”. 

A clear pattern emerged from the pilot assessment for the Bay of Biscay and Iberian coasts. Phytoplankton 
and zooplankton in oceanic habitats and zooplankton in shelf habitats were linked to natural climatic 
variation (i.e., AMO). Here, decreasing AMO (i.e., towards cooler conditions) was the most important variable 
despite non-significant change detected in plankton community composition. Despite the effects of the AMO 
on plankton diversity, the relationship has remained “unknown”, as it varies from one region to another along 
with community composition. Linking of pressures with the EQR for phytoplankton in shelf habitats revealed 
that increasing nitrate concentration has contributed to a downward trend towards a less typical community 
composition. A similar pattern was observed between zooplankton community compositions that moved 
toward atypical community composition with increasing wind speed. Finally, the model between 
zooplankton EQR and pressures in the coastal habitats revealed that increasing SST was linked to the 
downward trend of zooplankton community. With respect to the results showed above, climate change and 
eutrophication might be responsible of changes in community composition in coastal and shelf habitats of 
the Bay of Biscay and Iberian Coast. Quality status of both habitats were categorised as “Not good” for this 
assessment. 

Even though trends for phytoplankton and zooplankton were non-significant, it is important to monitor both 
components to confirm whether trend trajectories will carry on into the future. Across the common indicator 
assessment and pilot assessments, it is also important to note that despite generally consistent patterns 
within pelagic habitat types for each OSPAR Region, relationships between pressures and the PH3 indicator 
are subject to vary by location.  

Table e: Integration of the indicator results for the Celtic Seas (common indicator), Greater North Sea (pilot 
assessment) and the Bay of Biscay and Iberian Coast (pilot assessment). 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 fixed-
point 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.  
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Variable 
salinity 

Phytoplankton ↑ 60% FALSE np 1 4 1 9 11% 

Zooplankton ↓ 50% FALSE mld 3 0 2 9 22% 
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Coastal 

Phytoplankton ↑ 75% FALSE np 3,7 1 3 12 25% 

Zooplankton ↓ 67% FALSE wdsp 4,2 4 5 12 42% 

Shelf 

Phytoplankton ↑ 40% FALSE attn 3,7 0 10 11 91% 

Zooplankton ↑ 50% FALSE mld 3,9 1 10 11 91% 

Oceanic 

Phytoplankton 

 
N
A 

        

Zooplankton 

 
N
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Variable 
salinity 

Phytoplankton 
N
A 

        

Zooplankton 
N
A 

        

Coastal 

Phytoplankton ↑ 50% FALSE pH 1,5 0 2 3 67% 

Zooplankton ↓ 67% FALSE sal 3,3 0 3 3 100% 

Shelf 

Phytoplankton ↓ 100% FALSE phosp 2,5 0 4 4 100% 

Zooplankton ↑ 50% FALSE attn 3 0 4 4 100% 

Oceanic 

Phytoplankton 
N
A 

        

Zooplankton 
N
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Variable 
salinity 

Phytoplankton 
N
A 

        

Zooplankton 
N
A 

        

Coastal 

Phytoplankton 
N
A 

        

Zooplankton ↓ 100% FALSE sst 2,5 2 0 12 0% 

Shelf 

Phytoplankton ↓ 67% FALSE ntra 3,3 0 3 6 50% 

Zooplankton ↓ 33% FALSE wspd 2 0 3 6 50% 

Oceanic 

Phytoplankton ↓ 67% FALSE AMO 2,7 0 3 6 50% 

Zooplankton = 67% FALSE AMO 2,7 0 3 6 50% 
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Conclusion 

Cette évaluation a identifié les changements dans la composition des communautés du phytoplancton et du 
zooplankton à l’échelle régionale (unites d’évaluation COMP4) et locale (stations de surveillance). Alors que 
les résultats indiquent des changements non significatifs dans la composition du phytoplancton au cours de 
la période d'évaluation, l'année 2016 a été caractérisée par une communauté zooplanctonique atypique dans 
l'évaluation pilote de la mer du Nord au sens large. Cette composition atypique était due à la dominance des 
copépodes des genres Acartia et Calanus. Des liens entre les changements dans la composition de la 
communauté et la diminution du pH, la variabilité climatique naturelle (c'est-à-dire principalement l'AMO) 
et les concentrations de nutriments (une approximation de la qualité de l'eau) ont également été mis en 
évidence. Il convient d'être prudent dans l'interprétation des liens entre l'indicateur PH3 et les pressions, en 
raison de la variation locale de la réponse de la communauté planctonique aux pressions parmi les types 
d'habitats au sein des Régions OSPAR. Il est également important de noter que les communautés de plancton 
ne se sont pas limitées à ces différents types d'habitats et que la définition de ces régions n'est pas totalement 
adaptée à ces espèces. De futures recherches seront menées afin d'explorer les connexions avec les 
indicateurs pertinents de l'habitat pélagique et du réseau trophique, ainsi que les connexions avec le groupe 
de travail sur l'eutrophisation. Ce travail sera réalisé dans le cadre du projet NEA-PANACEA. 

Lacunes dans les connaissances 

Pour une évaluation régionale et de l'habitat, il est nécessaire d'améliorer l'acquisition de données sur le 
plancton à l'échelle de la région, y compris les stations en mer (par exemple, salinité variable et habitats 
côtiers). La mise en œuvre de programmes de surveillance à l'échelle régionale passe par une formation 
appropriée des taxonomistes et des contrôleurs de sillons, ainsi que par l'intégration de techniques 
d'échantillonnage semi-automatiques. 

Pour une évaluation plus solide, la confiance spatiale et temporelle des résultats devrait être développée et 
mise en œuvre. Ces informations permettront de cibler les lieux (par exemple, l'unité d'évaluation COMP4, 
l'habitat, les régions OSPAR) qui nécessitent un meilleur effort d'échantillonnage. 

Pour une évaluation plus robuste de l'habitat pélagique, les informations sur la structure de la communauté 
de phytoplancton doivent être complétées par d'autres paramètres, tels que la biomasse/abondance totale 
de la communauté (PH2) et la dynamique des groupes fonctionnels de phytoplancton (PH1/FW5). 

Lacunes dans les connaissances (version étendue) 

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

Consistency of spatial and/or temporal sampling: 

This assessment has been developed using data from the CPR programme, as well as  

monitoring fixed stations from four Contracting Parties (Spain, Germany, Sweden and the United Kingdom). 
Additional Contracting Parties provided data, however, this data was not used for several reasons. These 
datasets were not used because of limited temporal coverage, temporal inconsistency in sampling effort 
between years, or due to incomplete accounting of the plankton community (e.g., focusing on a limited 



 

42 of 48  

OSPAR Commission   

 

number of genera). It is important to note it is still important for Contracting Parties to continue their 
monitoring, as extending temporal coverage should make more datasets suitable for inclusion in future 
assessments. Coastal and variable salinity habitats within the Greater North Sea, the Celtic Seas and the Bay 
of Biscay and Iberian Coast were not assessed despite existing long-term datasets, however, these datasets 
will be explored in future assessments. Future assessments will be further improved by incorporating the Hill 
concept so that the influence of sampling effort is factored into indicator calculation. Several data sets 
provided lack of sampling during the winter period after a change in sampling effort. As winter is usually the 
period of high richness, there is a need for more consistent winter monitoring for reliable assessments of 
plankton diversity. Focusing only on productive period (March to November) is a possibility to overcome this 
issue in data analysis. 

Inclusion of additional data sets: 

Usually, long-term fixed-point monitoring have robust protocols to avoid sampling bias. It is nevertheless 
possible that changes in protocols occur over the time and information on those changes must be available. 
In addition, conventional sampling protocols for characterising marine plankton communities consist of 
collecting a small volume of seawater which is analysed under the microscope for species identification and 
cell counting. However, microscopic count data has its limitations, notably for estimating the smaller cells in 
the plankton community. While microscopic counts consider only a fraction of the community and are subject 
to biases due to differences in taxonomic expertise, the application of state-of-the-art (semi-)automated 
methods, such as flow-cytometry (Bonato et al., 2015; Morán et al., 2015; Thyssen et al., 2015; Louchart et 
al., 2020) and image analysis, such as FlowCAM (Álvarez et al., 2013) could increase the range of organisms 
considered and allow higher spatial and temporal resolution. Some data from imaging sensors were provided 
in the current assessment by contracting parties (e.g., Belgium) but the length of the time-series remain too 
short to be included. Sampling effort must be maintained to apply these products in the next assessment. 
Molecular approaches, on the other hand, allow for the whole range of sizes at the finest taxonomical 
resolution to be considered. DNA barcoding and meta-barcoding, for example, have the potential to increase 
speed, accuracy, and resolution of species identification, while reducing the high cost of biodiversity 
monitoring (Ji et al., 2013). Hence, combining multiple methods may help fill the gaps in microscopic 
examinations and applying complementary methods will facilitate monitoring the full-size range of the 
phytoplankton community. 

Define spatial and temporal confidence of the results: 

The confidence of the results depends strongly on the homogeneity of sampling in space and time. Spatial 
and temporal confidence indices will address the sampling effort in the pelagic habitats within OSPAR 
Regions. These spatial and temporal confidence indices will be implemented in future assessments. 

Coherence of the methodology at a regional scale: 

Currently, common methodologies and taxonomic guides (Avancini et al., 2006) are available at the national 
level, but more effort is needed for the implementation of monitoring programmes at a regional scale 
(Caroppo et al., 2013). 

Comparison and integration to relevant Pelagic Habitat indicators: 
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To assess the environmental status of Pelagic Habitats, each of the three OSPAR assessments on Pelagic 
Habitats ( Changes in Phytoplankton and Zooplankton Communities , Changes in Phytoplankton and 
Zooplankton Communities , and this assessment on plankton diversity) consider the community at different 
levels of community assembly, namely at the lifeform (functional) level; at the level of aggregated community 
properties (total biomass / abundance); and at the organism level. Therefore, by combining the information 
from these three indicators, a more holistic assessment of plankton dynamics could be obtained and 
possibilities for an integrated overall pelagic habitat assessment result should be investigated further. 
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