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1 Introduction
Within EMODnet-Biology Work Package 4 (‘Data product creation’), a workshop was planned to take place in
June 2020 in Ostend. However, due to Corona limitations, it was not possible to have an in-presence event,
therefore, an electronic workshop took place instead from the 15 th to the 18th of June 2020. It lasted for one
day longer than the originally planned event, to allow for limited work time due to participants domestic
obligations.
In contrast to a normal workshop, everybody worked from home. There were regular plenary electronic
meetings to discuss progress. Sub-groups often discussed particular problems and issues during ad-hoc
electronic meetings. Plenary meetings at the start and end of the workshop were devoted to presentations,
planning and discussion of results.
This report will discuss the aim of the workshop, the different product teams and their plans, and the results
achieved.

1.1 Aim of the workshop
Following earlier recommendations and considering the results of the tests described in D4.5- Report with
proposed list of data packages and underlying datasets with specific recommendations on (meta)data gaps,
changes were made to the EMODnet Biology Portal, in particular those related to the download toolbox and
the use of web services for automated download. These features were particularly useful in the preparation of
data products. Testing the new features and procedures was an integral part of the workshop.
In addition, to pursue modelling of absences based on species traits and datasets characteristics, the
workshop has also pursued the goal of incorporating other external knowledge in order to improve data
interpretation in EMODnet Biology. This included the use of data from other EMODnet lots. Attention focused
on the Seabed Habitats lot in the first instance, but also data from EMODnet Chemistry were used in a
separate project.
Reproducibility of the data products is a major concern for EMODnet Biology, therefore the code developed
during (and partly after) this workshop, which is at the basis of the data products, will be stored in a systematic
way in GitHub repositories. Additionally, the documentation of the data products also received considerable
attention.

1.2 List of participants
The table below presents the list of participants attending the workshop.
Table 1: Workshop list of participants
Name

Affiliation

Country

Peter Herman

Deltares

The Netherlands

Tom Webb

USheffield

United Kingdom
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Silvana Birchenough

CEFAS

United Kingdom

Karline Soetaert

NIOZ

The Netherlands

Daniela Figueroa

SMHI

Sweden

Anna Krystalli

USheffield

United Kingdom

Dan Lear

MBA

United Kingdom

Eleonora Manca

JNCC

United Kingdom

Alexander Barth

ULiège

Belgium

Lennert Schepers

VLIZ

Belgium

Salvador Fernández

VLIZ

Belgium

Willem Stolte

Deltares

The Netherlands

Charles Troupin

ULiège

Belgium

Luuk van der Heijden

Deltares

The Netherlands

Gert Van Hoey

ILVO

Belgium

Taco de Bruin

NIOZ

The Netherlands

Figure 1. WP4 EMODnet Biology Data Product workshop participants
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1.3 Topics developed
Upon discussing the workshop’s priorities, the following topics were chosen for development during the event.
Each of these topics is discussed in the sections of chapter 2. We refer to those sections for details.
1. Evaluation of the new download toolbox and the accompanying web services and R packages (EurOBIS
and IMIS) – VLIZ and all participants
2. Development of DIVA interpolation protocols for presence/absence and presence-only data, with and
without incorporation of information in environmental variables through neural networks (ULiège)
3. Development of an R package giving access to web services of all EMODnet lots, so as to quickly
provide a set of environmental layers useful for improving the interpolation of presence-only and
presence-absence data of species (USheffield)
4. Retrieval of traits from diverse sources (WoRMS, Marlin, ...) to improve the species occurrence modelling
as a function of environmental layers, and to improve the environmental layers based on observed
species occurrence (USheffield)
5. Workflow to estimate presence/absence of a functional group – phytoplankton (Deltares)
6. Applying the workflow of phytoplankton presence/absence in the Baltic Sea (SMHI, Deltares)
7. Workflow to estimate presence/absence of a functional group – benthos (Deltares)
8. ‘Proof of concept’ examples: complementary environmental data and commercial shellfish species
vulnerable to ocean acidification (NIOZ, Deltares, CEFAS)
9. ‘’ Proof of concept’ product: Fraction of mixoplankton (photo-phagotrophic) species in the Greater
North Sea and Celtic Seas (Deltares)
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2 Results by topic
2.1 Methodological issues related to download toolbox (VLIZ and all
participants)
The download toolbox’s new version was generally evaluated as a very important improvement. The user
interface offers much more versatility and is quite intuitive, the provision of WFS codes, that can be copied to
the clipboard and used (modified) in scripted downloads, is also a considerable progress, as it often avoids
delving deep into the syntax of the WFS services.
During this evaluation, a number of issues were found, as listed below:
o

The download toolbox and the WFS return different results when performing the same query

o

The Aphia ID is currently given as a URI or Uniform Resource Identifier. Extracting the Aphia ID for
machine readability requires extra effort

o

Some datasets are available in IMIS but require permission to download

o

Querying a large amount of data takes a long time

o

Taxonomic issues related to WoRMS

Without discussing all topics in detail, it can be stated that most issues have found a good solution, while
other issues have been earmarked for further development by the VLIZ data team. It is envisaged that
solutions will be provided for most issues in a reasonably short time (and described in the quarterly reports).

2.2 Development of DIVA interpolation methods for presence/absence
data (U Liège)
DIVA (Data Interpolating Variational Analysis) and DIVAnd (DIVA in n dimensions) are software tools primarily
designed to generate gridded maps of continuous variables such as sea water temperature, salinity or oxygen
concentration. The main advantages over other interpolation or analysis method are:
1.

coastlines and physical boundaries are considered by the method

2.

large datasets (millions of data points) can be ingested and processed by the tool

DIVAnd is a new code (Barth et al. 2014), written in the Julia language, with a new mathematical formulation
with respect to the previous DIVA code.

2.2.1 DIVAnd heatmap generation
Recently, a heatmap generation based on the DIVA kernel has been added to the DIVAnd tool. In the Kernel
Density Estimation method (KDE), the Kernel K and its bandwidth h are used to calculate the density estimate
at any location using the observations.
The implementation in DIVAnd uses a Kernel, which allows a natural decoupling of domains and a directional
information, for instance if currents are known and used to improve the interpolation.
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Figure 2. illustrates the heatmap obtained with a single data point placed in a rectangular domain. Depending
on the Kernel bandwidth, the influence of the data points has a different reach. If the observation is located close
to the domain boundary, the anisotropy induced by the DIVAnd Kernel is clearly shown.

2.2.2 DIVAnd for presence/absence data
The dataset to be processed contained only binary information: presence or absence, and the objective was to
derive a map showing the probability to encounter a given species, as illustrated in Figure 3 for Biddulphia
sinensis. Both the presence and absence observations follow ship tracks most of the time, resulting in an
uneven data distribution across the domain of interest.
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Figure 3. Observed presence and absence of Biddulphia sinensis in the North Sea.
In order to compute a map of density (i.e. with a value comprised between 0 and 1 at each grid points), the
procedure used was as follows:
1.

Compute the heatmap for all the presence points heatmap (pre)

2.

Compute the heatmap for all the absence points heatmap (abs)

3.

Combine the two using the formula:
density = npre X heatmap(pre) / (npre X heatmap(pre) + nabs X heatmap(abs))

where
npre = the number of presence data points
nabs = the number of absence data points.
This is illustrated with the Biddulphia sinensis observations: Figure 3 presents the heatmap for presence (left)
and absence data. The two maps look identical because of the similar data distribution, but it is the density
derived from these heatmaps that are of interests. The computation grid ranges from 51°N to 56°N and from
2°W to 10°E, with a spatial step of 0.1°.

Figure 4. Heatmap for presence (left) and absence (right) data of Biddulphia sinensis in the North Sea.
The dataset for the considered species contains 6911 presence data and 16818 absence data. Combining the
two using the previous formula, the probability field was obtained (Figure 5: presence are indicated by white
dots, absence by black dots).
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Figure 5. Probability field for the presence of Biddulphia sinensis in the North Sea.
It is possible to observe that the regions associated with the highest probabilities are located near the coast.
Some particularly well sampled regions, for instance the northwest part of the domain, are dominated by
absences, leading to a weak probability of occurrence.

2.2.3 Error field
The confidence one can have in the gridded fields produced by the method depends on the data coverage:
the error is expected to be higher in regions without sampling. DIVAnd does not offer a specific error
computation associated with the heatmap but has a so-called Clever Poor Man’s Error (CPME) algorithm that
provides a relative error field.
This technique was applied to the data distribution in order to derive the error field (Figure 6). Green areas
have a lower error as they correspond to regions with observations. Red areas have a high error due to the
lack of measurements. Such an error field can be used to mask the probability map: one can display only the
grid cells where the error is below a specified threshold, 30% for instance.
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Figure 6. The Clever Poor Man’s Error field for Biddulphia sinensis presence in the North Sea.

2.2.4 Neural network reconstruction
In addition to the probability maps derived from the heatmaps, a neural network technique was also applied,
allowing for the use of other relevant co-variables to improve the gridded fields. The principle is to maximise
the likelihood of a field, given the input training data. The environment variables considered in this exercise
are:
bathymetry (GEBCO 2018),
silicate, phosphate and nitrate concentrations (EMODnet Chemistry).

o
o

The derived probability is the logistic function of the output of a neural network (using the previous
environmental variables) and a residue field, which is constrained by the regularity constraint as implemented
in DIVAnd. The cost function is based on the negative log likelihood using the training data. The gradient of
the cost function is computed using the automatic differentiation tools integrated in Knet.jl. The cost function
was minimised in 500 iterations using the Adam optimiser.

2.2.5 Validation
The validation was carried out by taking out 20% of the initial dataset and then comparing the results at the
locations where the data have been removed. The validation data points were selected in order to consider
that several points are sampled multiple times. As a result, for each species 2 files are created: one for the
analysis (80% of the data points) and one for the validation.
The validation score has to consider that we are working with probabilities, not with a continuous variable. For
this reason the log-likelihood was used: we sum up:
1.

the logarithms of the predicted probabilities where the actual response was one

12

EASME/EMFF/2017/1.3.1.2/02/SI2.789013–
EMODnet Thematic Lot nº V- Biology
WP4 Data Product Workshop
2.

the logarithms of (1 - p) whenever the actual response was zero.

The lowest the score, the better the analysis. Thanks to the validation step, it is possible to:
o

compare the Neural Network and the heatmap methods

o

evaluate the optimal values for the analysis parameters, in particular the length scale L used for the
generation of the heatmap. The optimal value found via this process is 0.5°, though the score slightly
changes for lower values of L.

Figure 7. Neural network reconstruction with DIVAnd for Zygoceros. Panel (a) is the derived probability and (b)
and (c) are occurrence data (absence is counted as 0 and presence counted as 1) averaged by unique stations for
the training data and validation data respectively.

2.2.6 Production
The procedure described in the previous sections has been applied to the 200 data files provided by Deltares.
For species, the following was generated:
1.
2.

Figures (data locations, density maps, error fields) in PNG format
NetCDF files containing the gridded fields (probability and error)

To avoid storing this large number of binary files in the GitHub directory, they are made available through
DOX, a cloud storage managed by ULiège and based on NextCloud:
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netCDF: https://dox.ulg.ac.be/index.php/s/xR9I7WY72EG6zOx
figures: https://dox.ulg.ac.be/index.php/s/s5pR3yNNGpyqm3z
The products’ final version will be distributed through a common system.
2.2.6.1

Code

As
of
June
2020,
the
code,
written
in
Julia,
is
distributed
through
GitHub:
https://github.com/EMODnet/EMODnet-Biology-Phytoplankton-Interpolated-Maps, https://github.com/gherulg/DIVAndNN.jl (neural network module for DIVAnd).
The scripts directory contains the functions defined for the data processing. The analysis directory stores
different jupyter notebooks describing the different analysis steps. The final version will be transferred to the
EMODnet Biology Github repository.
The package gher-ulg/DIVAndNN.jl is generic and not specific to the phytoplankton data in the North Sea. All
code specific to this test case has been added to the repository EMODnet/EMODnet-Biology-InterpolatedMaps. Separating the generic and specific code helps us to, in future, improve the DIVAndNN module.
2.2.6.2

Deployment

Interested users can directly try the analysis thanks to Binder, which makes it possible to run notebooks on a
remote machine without having to install anything. The Binder is prepared for a simple application (only one
species) so that it can be run and produce results in a few minutes.
The DIVAnd Neural Network has been prepared for Binder, including the declaration of all software and data
dependencies. In Binder, only 2 GB of RAM are available per user which is insufficient to run this code.

2.3 Development of R package to access all EMODnet lots and external
data sources (U Sheffield)
Researchers who use EMODnet data are often interested in accessing data on species occurences and
matching them to local environmental parameters. To facilitate this, R scripts that query OBIS for species
occurrences and provide functionality for matching the returned occurrences to a number of publicly available
marine environmental data layers, have been developed. A secondary aim of the project is to provide access to
EMODnet data through EMODnet Web Services directly into R. This will enable inclusion of EMODnet data as
environmental data sources.
The software developed comprises two packages: EMODnetWFS and OBIShmpr.
o

EMODnetWFS: Provides access to EMODnet Web Feature Services data through R
https://github.com/EMODnet/EMODnetWFS

o

OBIShmpr: queries OBIS and matches occurrences to environmental data layers
https://github.com/EMODnet/OBIShmpr

2.3.1 EMODnetWFS
The first part of the work focused on the development of EMODnetWFS, a package for querying and
downloading data from EMODnet WFS services. It wraps the package ows4r and provides access to the
following EMODnet services:
Table 2: EMODnet services accessed via the EMODNetWFS package
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service_name

service_url

bathymetry

https://ows.emodnet-bathymetry.eu/wfs

biology

http://geo.vliz.be/geoserver/Emodnetbio/wfs

biology_occurrence_data

http://geo.vliz.be/geoserver/Dataportal/wfs

chemistry_marine_litter

https://www.ifremer.fr/services/wfs/emodnet_chemistry2

chemistry_time_series_location

http://emodnet02.cineca.it/geoserver/wfs

geology_sea_floor_bedrock

https://drive.emodnet-geology.eu/geoserver/bgr/wfs

geology_marine_minerals

https://drive.emodnet-geology.eu/geoserver/gsi/wfs

geology_seabed_substrate_maps

https://drive.emodnet-geology.eu/geoserver/gtk/wfs

geology_events_and_probabilities

https://drive.emodnet-geology.eu/geoserver/ispra/wfs

geology_coastal_behavior

https://drive.emodnet-geology.eu/geoserver/tno/wfs

geology_submerged_landscapes

https://drive.emodnet-geology.eu/geoserver/bgs/wfs

human_activities

https://ows.emodnet-humanactivities.eu/wfs

physics

https://geoserver.emodnet-physics.eu/geoserver/emodnet/wfs

seabed_habitats_general_datasets_and_

https://ows.emodnet-seabedhabitats.eu/emodnet_open/wfs

products
bathymetry

https://ows.emodnet-bathymetry.eu/wfs

biology

http://geo.vliz.be/geoserver/Emodnetbio/wfs

2.3.1.1

Create Service Client

A new WFS Client to access EMODnet WFS data can be created with the function emodnet_init_wfs_client,
specifying the required service using the service argument.
wfs_bath <- emodnet_init_wfs_client(service = "bathymetry")
## Loading ISO 19139 XML schemas...
## Loading ISO 19115 codelists...
## ✓ WFS client created succesfully
## ℹ Service: 'https://ows.emodnet-bathymetry.eu/wfs'
## ℹ Version: '2.0.0'

15

EASME/EMFF/2017/1.3.1.2/02/SI2.789013–
EMODnet Thematic Lot nº V- Biology
WP4 Data Product Workshop
2.3.1.2

Get WFS Layer info

Layer metadata that is available from a given service can be accessed from the server directly using
emodnet_get_wfs_info and supplying the service argument.
emodnet_get_wfs_info(service = "bathymetry")
## ✓ WFS client created succesfully
##
##
##
##
##
##
##
##
##
##

ℹ Service: 'https://ows.emodnet-bathymetry.eu/wfs'
ℹ Version: '2.0.0'
# A tibble: 4 x 9
data_source service_name service_url layer_namespace layer_name title abstract
<chr>
<chr>
<chr>
<chr>
<chr>
<chr> <chr>
1 emodnet_wfs bathymetry
https://ow… emodnet
contours
Dept… "Genera…
2 emodnet_wfs bathymetry
https://ow… emodnet
quality_i… Qual… "Repres…
3 emodnet_wfs bathymetry
https://ow… emodnet
source_re… Sour… "Covera…
4 emodnet_wfs bathymetry
https://ow… emodnet
source_re… Sour… "Covera…
# … with 2 more variables: class <chr>, format <chr>

or it can pass a wfs client object,
emodnet_get_wfs_info(wfs_bath)
## # A tibble: 4 x 9
##
data_source service_name service_url layer_namespace layer_name title abstract
##
<chr>
<chr>
<chr>
<chr>
<chr>
<chr> <chr>
## 1 emodnet_wfs seabed_habi… https://ow… emodnet
contours
Dept… "Genera…
## 2 emodnet_wfs seabed_habi… https://ow… emodnet
quality_i… Qual… "Repres…
## 3 emodnet_wfs seabed_habi… https://ow… emodnet
source_re… Sour… "Covera…
## 4 emodnet_wfs seabed_habi… https://ow… emodnet
source_re… Sour… "Covera…
## # … with 2 more variables: class <chr>, format <chr>

2.3.1.3

Downloading WFS layers

Layers can be directly extracted from a wfs object using their names. All layers are downloaded as sf objects
and the crs of outputs is standardised to EPSG code 4326 (WGS84) by default.
wfs_cml <- emodnet_init_wfs_client("chemistry_marine_litter")
## ✓ WFS client created succesfully
## ℹ Service: 'https://www.ifremer.fr/services/wfs/emodnet_chemistry2'
## ℹ Version: '2.0.0'
layers <- c("bl_fishing_cleaning",
"bl_beacheslocations_2001_2008_monitoring")
data <- emodnet_get_layers(wfs = wfs_cml, layers = layers)

This returns a list of length 2, one element for each layer successfully downloaded and each layer is an sf
object. For more details on sf objects, please consult documentation for the sf package which provides simple
features access in R.
Data can also be accessed directly from the server using emodnet_get_layers and supplying the service
argument.
human_activities <- emodnet_get_layers(
service = "human_activities",
layers = c("aquaculture", "dredging"))
## ✓ WFS client created succesfully
## ℹ Service: 'https://ows.emodnet-humanactivities.eu/wfs'
## ℹ Version: '2.0.0'
## Warning: crs missing. Set to default 4326
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For further details on EMODnetWFS functionality, please see vignette

2.3.2 OBIShmpr
The second part of the work explored using OBIShmpr to generate a dataset of species occurrences, matched
to environmental data by querying available online data services. The package provides access to the OBIS
database, with the option of matching returned occurrences to a total of 1459 environmental layers.

2.3.2.1 Environmental Layer Data Sources
o

sdmpredictors: Bio-ORACLE & MARSPEC data, a set of GIS rasters providing geophysical, biotic and
environmental data for surface and benthic marine realms. Accessed via R package sdmpredictors

o

sedmaps Synthetic map of the NW European Shelf sedimentary environment

o

data product 10.15129/1e27b806-1eae-494d-83b5-a5f4792c46fc 0.125◦ by 0.125◦ resolution synthetic
maps of continuous properties of the north-west European sedimentary environment. The maps are a
blend of gridded survey data, statistically modelled values based on distributions of bed shear stress
due to tidal currents and waves and bathymetric properties.

o

emodnet_wfs: EMODnet Web Feature Services layers accessed through package EMODnetWFS.

Available layers are detailed in the OBIShmpr in-built dataset layer_info.

2.3.3 Example workflow
In this example, a match between the occurrences of Palinurus elephas (valid Aphia ID = 107703) to the
following environmental data layers is performed:
layer_codes <- c("BO_ph", "BO_phosphate",
"BO2_phosphatemean_bdmax",
"BO_nitrate", "BO2_nitratemean_bdmax",
"surface_nitrogen", "tn", "surface_carbon",
"BO_sstmean", "BO_sstmin", "BO_sstmax",
"MS_biogeo13_sst_mean_5m", "MS_biogeo14_sst_min_5m",
"MS_biogeo15_sst_max_5m")

The species Aphia ID and the character vector of layer codes to function obis_match_habitat are supplied. It is
also possible to restrict the query area by providing a bounding box geometry to the geometry argument. In
the example below this restricted access is done by using the in-built North Western European Shelf bounding
box.
data <- obis_match_habitat(
sp_id = 107703,
layers = layer_codes,
geometry = bbox_nwes)
## Retrieved 96 records of approximately 96 (100%)✓ `obis_recs` successfully converted to
sf
## ✓ `obis_recs` crs: 4326, +proj=longlat +datum=WGS84 +no_defs
## ✓ `obis_recs` crs: 4326, +proj=longlat +datum=WGS84 +no_defs
data
## Simple feature collection with 96 features and 24 fields
## geometry type: POINT
## dimension:
XY
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##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

bbox:
xmin: -10.60808 ymin: 45.59042 xmax: 4.95983 ymax: 58.92086
epsg (SRID):
4326
proj4string:
+proj=longlat +datum=WGS84 +no_defs
# A tibble: 96 x 25
month year scientificName aphiaID maximumDepthInM… id
eventDate
<chr> <chr> <chr>
<int>
<dbl> <chr> <chr>
1 08
1992 Palinurus ele… 107703
NA 039f… 1992-08-…
2 07
2003 Palinurus ele… 107703
NA 0a5a… 2003-07-…
3 05
2010 Palinurus ele… 107703
NA 0a88… 2010-05-…
4 07
1977 Palinurus ele… 107703
NA 0b6f… 1977-07-…
5 06
1981 Palinurus ele… 107703
NA 0e4d… 1981-06-…
6 05
2010 Palinurus ele… 107703
NA 0f0d… 2010-05-…
7 08
2009 Palinurus ele… 107703
NA 1041… 2009-08-…
8 07
2009 Palinurus ele… 107703
NA 109e… 2009-07-…
9 08
1988 Palinurus ele… 107703
NA 14f4… 1988-08-…
10 07
2011 Palinurus ele… 107703
NA 17f1… 2011-07-…
# … with 86 more rows, and 18 more variables: minimumDepthInMeters <int>,
#
depth <dbl>, depth0 <dbl>, geometry <POINT [°]>, BO_ph <dbl>,
#
BO_phosphate <dbl>, BO2_phosphatemean_bdmax <dbl>, BO_nitrate <dbl>,
#
BO2_nitratemean_bdmax <dbl>, surface_nitrogen <dbl>, tn <dbl>,
#
surface_carbon <dbl>, BO_sstmean <dbl>, BO_sstmin <dbl>, BO_sstmax <dbl>,
#
MS_biogeo13_sst_mean_5m <dbl>, MS_biogeo14_sst_min_5m <dbl>,
#
MS_biogeo15_sst_max_5m <dbl>

The resulting sf object has a row for each occurrence returned from OBIS and a new column appended for
each layer.
See vignette for more detailed examples
2.3.3.1

Limitations

o

Currently Web Coverage Service data (raster) are not yet handled through the ows4R package, hence
the EMODnetWFS packages focuses solely on WFS (vector) data.

o

Not all layers download successfully. Currently, layers that fail to download are ignored with a warning
but it would be worth working through the errors with the relevant WFS maintainers.

2.4 Linking benthic species occurrences, habitat affinities, and seabed
habitat maps (U Sheffield)
2.4.1 Introduction
(Eur)OBIS contains many millions of occurrences of marine species, and previous EMODnet work within this
Work Package has enabled us to link occurrences to WoRMS attributes, in particular what WoRMS calls
‘functional group’ (actually more equivalent to ‘ecological guild’). This enables us to identify species by broad
ecological categories, e.g. benthos, zooplankton, etc. The function for achieving this lives here. We have also
developed methods in R for linking occurrences to environment (specifically temperature), as described in
Webb, Lines, and Howarth (2020) with data and code here, and extensions to a larger list of European marine
species described as a previous EMODnet biology product here. The OBIShmpr package described above
builds on this work, extending it to access additional environmental data layers.
A limitation of this work concerns the way that functional groups are assigned to species. In particular, the
group ‘benthos’ may include planktonic larvae as well as benthic adults - distinguishing these is a challenge.
Ways of addressing this problem include matching sample depth to bottom depth (i.e., identifying samples as
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benthic or midwater based on proximity to the seabed), but in shallow coastal waters, depth averaging in
gridded bathymetries and measurement error in observed sample depth make this difficult. Alternatively, the
occurrence dataset metadata can be used to distinguish surveys which target benthic species from those
targeting plankton. This process is described in section 2.7 Workflow to estimate presence/absence of a
functional group – benthos, and in section 2.5 Workflow to estimate presence/absence of a functional group –
phytoplankton. As those products make clear, it is an effective way of identifying benthic and plankton surveys,
but it is challenging to automate. A further possible refinement is to link species occurrences to seabed
habitats, making best use of data collated by the different EMODnet lots. EMODnet Seabed Habitats has been
developing a seabed habitat map. Products include the EMODnet broad-scale seabed habitat map for Europe
(EUSeaMap) and habitat maps from surveys across Europe. These Seabed Habitat maps are related to
biological composition in varied and often complex ways, but although extensive ecological work over
decades has meant we have a good understanding of the sediment preferences of at least some benthic
organisms, formal links between species occurrences (in EurOBIS) and seabed habitats are lacking. The aim of
this product is to develop methods for making these links, asking the following questions:
o
o
o

Can we link species occurrences to habitat maps?
Can we use known species substrate preferences to identify anomalies?
What do these anomalies tell us?

This has several potential uses, including refining existing habitat maps (e.g. ‘species X occurs here and species
X only occurs on rock, so there must be rock here’), adding another layer of quality control to occurrence
records (e.g. ‘this must have been a record of a pelagic larva of species X because there is no rock here’), and
improving natural historical understanding of species ecologies (e.g. ‘species X really does occur on mud as
well as rock’). Achieving these uses requires development tools to further interrogate and access the EMODnet
Seabed Habitats Web Feature Services data in R via EMODnetWFS package (see Development of R package to
access all EMODnet lots and external data sources section).

2.4.2 Data series
The first stage of the current work was to extract a list of benthic species with known substrate preferences,
which were obtained from Marlin’s BIOTIC database as flat csv files, one file per trait, provided by Dan Lear
(MBA). The focus was primarily on the trait ‘substratum’, which documents substrate preference. All taxon
names were matched to WoRMS, removing any that were not matched as well as any at taxonomic ranks
above species. Each valid species name was then matched to a functional group using the function mentioned
above, retaining information for both adult and larval functional group where available.
The dataset was restricted to species classified as benthos in the broad sense (including WoRMS functional
groups
benthos,
endobenthos,
epibenthos,
and
macrobenthos).
The
robis
package
(https://obis.org/manual/accessr/) was used to find the total number of occurrence records for each species
present in OBIS.
Data on additional traits obtained from BIOTIC were used to further classify each species. First, we used
environmental position to classify each species as infauna, epifauna, or both. Three species were classified only
as alternative environmental positions: Liocarcinus depurator (Aphia ID 107387) is a swimming crab, listed in
Biotic as swimmer/crawler/burrower, so we classified it as both in and epifauna. Caecum armoricum (Aphia ID
138945) is a gastropod, listed as interstitial in Biotic, which we classed as infauna. Pholas dactylus (Aphia ID
140770) is a mollusc (common piddock), which burrows into soft rock / artificial structures. Because it is
dependent on hard substrate (bedrock), we classified it as epifauna. Information on developmental mechanism
was also used. This BIOTIC trait includes multiple modalities, not all of which are informative regarding larval
mode - for example, viviparity / oviparity tells us nothing about larval dispersal mode (e.g. Bugula turbinata is
listed as viviparous, but also has lecithotrophic larvae according to BIOTIC). The species listed in BIOTIC were

19

EASME/EMFF/2017/1.3.1.2/02/SI2.789013–
EMODnet Thematic Lot nº V- Biology
WP4 Data Product Workshop
defined with developmental mechanism Brooding, Direct Development, or Schizotomous to be direct
developers, and species listed as Lecithotrophic or Planktotrophic to be planktonic developers. Using this
scheme, five species were classed as both direct and planktonic developers, for instance Cordylophora caspia
which has both sexual (planktonic) and asexual (direct) reproduction.
For our purposes, it is important if larvae might plausibly turn up in a plankton survey, so a new variable was
created which simply indicates if a species is recorded as planktonic, by BIOTIC, regardless of whether it is also
listed as a direct developer.
The derived dataset for testing matching occurrences to habitats consists of 153 benthic species with
substrate affinity data, drawn from 9 phyla (including 40 molluscs, 28 annelids, 27 cnidarians, 21 arthropods
and 17 echinoderms) and 16 classes (primarily Polychaeta, Bivalvia, Anthozoa, Malacostraca, and Gastopoda).
84 species are epifaunal, 51 infaunal, 10 both epi- and infaunal, and 8 have no data. 130 species have
planktonic larvae, 12 do not, and 11 are unknown.
The species collectively have 1,358,783 occurrence records in OBIS, with between 1 and 76,509 records
(median = 2328) per species. Importantly, 133 of the species in our list also now have spatial estimates of both
presences and absences (see Workflow to estimate presence/absence of a functional group – benthos). There
is therefore significant opportunity to use species-level substrate preference data to cross validate both
presence and absence with habitat maps.

2.4.3 Data products
The next steps of this work are to:
o
o
o

Get raw occurrences as well as presence-absence estimates for the species with known substrate
preferences
Extract predicted substrates from seabed habitat map to match to these occurrences
Develop a function to obtain list of (benthic) species for given categories in the seabed habitat map

2.4.4 More information
This work is proceeding in collaboration with the EMODnet Seabed Habitats, demonstrating integration across
EMODnet lots. Data processing steps are all described in: https://github.com/EMODnet/EMODnet-BiologyBenthic-Habitats-Occurrences-Traits. Information can be obtained from Tom J. Webb, University of Sheffield

2.5 Workflow to estimate presence/absence of a functional group –
phytoplankton (Deltares)
2.5.1 Introduction
This workflow was based on the work done in the preparation of Deliverable 4.5 for the benthos of the
Southern part of the North Sea as an example. The workflow was revised prior to the workshop and extended
geographically during the workshop. This extension was achieved by enlarging the area from only southern
North Sea to the Greater North Sea including the Celtic Seas (Figure ). For data querying, a selection of
subregions within the IHO-EEZ intersection layer from www.marineregions.org was used. Furthermore, the
workflow was tested and applied to the Baltic Sea geographical extent.
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Figure 8. Map of regions within the Greater North Sea and Celtic Seas that were included in this study
The EMODnet Biology database contains a large number of observations regarding phytoplankton species,
however, it only considers presence. Here we infer absence from this presence-only data using the metadata
as well as background knowledge on phytoplankton. This was done in four steps.

2.5.2 Data series
Step one was that for each subregion for the time span of 1995-2020 all observations of species with the traits
"phytoplankton" or "Phytoplankton" were extracted. Raw data were downloaded from EMODnet Biology using
WFS requests. The selected regions were assembled from the intersection of the IHO regions and the EEZ from
the different countries. These subregions have ID's that can be used in the WFS query to the EMODnet Biology
database. The meta-information on these datasets were used to perform the (manual) selection of datasets to
be used. E.g., the dataset “LifeWatch observatory data: zooplankton observations in the Belgian Part of the
North Sea” contained some species that were assigned to the functional group of phytoplankton. This dataset
was scanned and, if it did not contain any phytoplankton species, removed from the selection.
Step two was the final selection of datasets from which we extracted all data, that occurred in the region of
interest, thus also observations that had no traits assigned to them. After downloading, all the files are
recombined into one big data file. Another dataset that contains phytoplankton was manually included but it
was not selected. This is the Sylt-Romo dataset for phytoplankton. This dataset appeared to be archived and
could not be downloaded via WFS.
Step three was that for this large data file we were only interested in phytoplankton species so to do that all
phyla that contain phytoplankton species were initially selected. This narrowed down the search after which a
manual selection was performed to filter out non-phytoplankton species also belonging to these phyla (e.g.
macroalgae). In the final step, 'sampling events' that share time and place, which is considered as one sample
were defined. An assumption was done that if a species is targeted during a sampling event within a certain
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dataset and within a certain year, it will have been searched for, as well, during all other sampling events (for
that dataset and that year). Based on that assumption the datasets were complemented with absence data for
each species. This presence/absence information was written to the output file, together with the spatial
location and the sampling date.
Table 3. Datasets used for the analysis and products of phytoplankton distribution the Greater North Sea and
Celtic Seas between 1995 and 2020.
Dataset name

Abbreviation

Website

Continuous Plankton Recorder (Phytoplankton)

CPR-phy

https://www.vliz.be/en/imis?module=dataset&dasid=785

Biodiversity of the North Sea - Sylt

Bio-Sylt

https://www.vliz.be/en/imis?module=dataset&dasid=3198

PANGAEA - Data from various sources

PANGAEA

https://www.vliz.be/en/imis?module=dataset&dasid=2722

Semi-quantitive microplankton analysis in the Wadden Sea
off List, Sylt, North Sea (1995-2013)

Sylt

https://www.vliz.be/en/imis?module=dataset&dasid=5451

NODC World Ocean Database 2001: Plankton Data

NODC-pla

https://www.vliz.be/en/imis?module=dataset&dasid=1985

Biodiversity of the North Sea - Helgoland

Bio-Helgo

https://www.vliz.be/en/imis?module=dataset&dasid=3196

ICES Phytoplankton Community dataset

ICES-phy

https://www.vliz.be/en/imis?module=dataset&dasid=4424

Dutch long-term monitoring of phytoplankton in the
Dutch Continental Economical Zone of the North Sea

MWTL

https://www.vliz.be/en/imis?module=dataset&dasid=5758

Marine Life List of Ireland

Mari-Ire

https://www.vliz.be/en/imis?module=dataset&dasid=1947

REPHY: Network Monitoring phytoplankton

REPHY

https://www.vliz.be/en/imis?module=dataset&dasid=2451

AMORE-II: Advanced Modelling and Research on
Eutrophication: Linking Eutrophication and Biological
Resources

AMORE-II

https://www.vliz.be/en/imis?module=dataset&dasid=5977

AMORE-III: Combined Effect of Changing Hydroclimate
and Human Activity on Coastal Ecosystem Health

AMORE-III

https://www.vliz.be/en/imis?module=dataset&dasid=5978

Phytoplankton Monitoring at the Chateau du Taureau
Station in the Western English Channel (2009 to 2011)

Phy-Taureau

https://www.vliz.be/en/imis?module=dataset&dasid=5998

Long-term Monitoring of phytoplankton at the SOMLITAstan Station, Western English Channel (2000-present)

MWTL-phy

https://www.vliz.be/en/imis?module=dataset&dasid=5971

LifeWatch observatory data: phytoplankton observations
by FlowCam in Belgian Part of North Sea

LifeWatch-phy

https://www.vliz.be/en/imis?module=dataset&dasid=4688

Biogeographic data from British Oceanographic Data
Centre

BODC

https://www.vliz.be/en/imis?module=dataset&dasid=1172

DASSH: UK Archive for Marine Species and Habitats Data

DASSH

https://www.vliz.be/en/imis?module=dataset&dasid=5247

L4 Plankton Monitoring Programme

L4-pla

https://www.vliz.be/en/imis?module=dataset&dasid=1495
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SHARK - Marine phytoplankton monitoring in Sweden
since 1983

SHARK-phy

https://www.vliz.be/en/imis?module=dataset&dasid=2453

Phytoplankton data for Danish marine monitoring (ODAM)
from 1988 - 2016

ODAM

https://www.vliz.be/en/imis?module=dataset&dasid=5664

Polish Monitoring Programme - Monitoring of the Baltic
Sea: phytoplankton

Phy-Poland

https://www.vliz.be/en/imis?module=dataset&dasid=2463

Finnish Baltic Sea phytoplankton monitoring, KPLANK
database

Phy-Finland

https://www.vliz.be/en/imis?module=dataset&dasid=5724

IFCB110-SMHI: Imaging flow cytometry from SMHI in
Tangesund 2016

SMHI-2016

https://www.vliz.be/en/imis?module=dataset&dasid=5840

Algaebase

Algaebase

https://www.vliz.be/en/imis?module=dataset&dasid=2

Dutch long term monitoring of macrobenthos in the Dutch
Continental Economical Zone of the North Sea

MWTL-macro

https://www.vliz.be/en/imis?module=dataset&dasid=5759

1915-2016: Marine Strategy Framework Directive Collation
of invasive non-indigenous species data UK

MSFD

https://www.vliz.be/en/imis?module=dataset&dasid=5666

PANGAEA - Data from Ocean margin exchange project
(OMEX I)

PANGAEAOMEX

https://www.vliz.be/en/imis?module=dataset&dasid=2768

Macrobenthos and Phytoplankton monitoring in the
Belgian coast, context of EU Water Framework Directive

WFD-Belgium

https://www.vliz.be/en/imis?module=dataset&dasid=5945

IPMS-PHAEO:
ecosystems

IPMS-PHAEO

https://www.vliz.be/en/imis?module=dataset&dasid=5951

AMORE-I

https://www.vliz.be/en/imis?module=dataset&dasid=5976

Dynamics

of

coastal

eutrophicated

AMORE:
Advanced
Modelling
&
Research
Eutrophication & the Structure of Coastal Plankton

on

2.5.3 Data product
The information on these species is presented in various forms. First the relative abundance and effort per
season (number of sampling events) is presented for each dataset over the whole timespan (Figure ). The
relative abundance of Ditylum brightwellii per season coming from all datasets is also summarised in Figure .
The relative abundance and effort per location of Ditylum brightwelli is presented as well in maps of the
Greater North Sea, for both yearly average (Figure 1) and seasonal distributions (Figure 2).
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Figure 9. Relative abundance (color of points) and effort per season (size of points) of Ditylum brightwellii is
presented for each dataset over the period of 1995-2020. Abbreviations of dataset names are presented in Table
3.

Figure 10. The median relative abundance of Ditylum brigthwellii per season. Boxplot includes second quartile
(median: thick middle bar), first and third quartile (lower and upper part of box) and minimum and maximum
(ends of lines).
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Figure 1. Map of the yearly average relative abundance (color of points) and sampling effort (size of points) per
grid cell for the Greater North Sea between 1995-2020.
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Figure 2. Map of the seasonal average relative abundance (color of points) and sampling effort (size of points) per
grid cell for the Greater North Sea between 1995-2020.
The final product presents the distribution of the 100 most common species and 100 most common genera of
(phyto)plankton in the Greater North Sea, including all four example figures shown prior to this.

2.5.4 More information
The code for this product development can be found in https://github.com/EMODnet/EMODnet-BiologyPhytoplankton-Greater-NorthSea .

2.6 Applying the workflow of phytoplankton presence/absence in the
Baltic Sea (SMHI, Deltares)
2.6.1 Introduction
In order to extend the phytoplankton workflow in the Baltic Sea area, a four steps procedure was applied for
the Baltic Sea, Gulf of Bothnia, Gulf of Finland, Gulf of Riga, Kattegat and Skagerrak.
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2.6.2 Data series
As a first step, the same time period 1995-2020 was selected in the Greater North Sea, collecting the traits
“phytoplankton” and “Phytoplankton”, from EMODnet Biology and using WFS requests. The datasets from the
selected regions were assembled from the intersection of the IHO regions and EEZ from the Baltic countries.
Using the sub regions ID’s (Figure 3) obtained, the data were collected using the WFS to EMODnet Biology
database. A manual selection of the datasets was performed on the meta-information, removing datasets that
did not correspond to phytoplankton samples.

Figure 3. Map of the Baltic Sea regions included in the study
At second step the final selection of data from the Baltic region was performed and summarise in Table . The
data was downloaded and recombined into to a big data file. Any extra datasets were included in the final
data file for this sea area.
Table 4. Datasets used for the Baltic Sea analysis of phytoplankton distribution from 1995 to 2020
Dataset name

Website

Continuous Plankton Recorder (Phytoplankton)

https://www.vliz.be/en/imis?module=dataset&dasid=785

SHARK - Marine phytoplankton monitoring in Sweden since 1983

https://www.vliz.be/en/imis?module=dataset&dasid=2453

PANGAEA - Data from various sources

https://www.vliz.be/en/imis?module=dataset&dasid=2722
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ICES Phytoplankton Community dataset

https://www.vliz.be/en/imis?module=dataset&dasid=4424

Phytoplankton data for Danish marine monitoring (ODAM) from
1988 – 2016

https://www.vliz.be/en/imis?module=dataset&dasid=5664

Polish Monitoring Programme - Monitoring of the Baltic Sea:
phytoplankton

https://www.vliz.be/en/imis?module=dataset&dasid=2463

Finnish Baltic Sea phytoplankton monitoring, KPLANK database

https://www.vliz.be/en/imis?module=dataset&dasid=5724

NODC World Ocean Database 2001: Plankton Data

https://www.vliz.be/en/imis?module=dataset&dasid=1985

IFCB110-SMHI: Imaging flow cytometry from SMHI in Tangesund
2016

https://www.vliz.be/en/imis?module=dataset&dasid=5840

Phytoplankton composition, biomass and abundance in Estonian
territorial waters 1993-2016

https://www.vliz.be/en/imis?module=dataset&dasid=6021

The third step was performed by the selection of all phyla containing phytoplankton species. Compared to the
phytoplankton workflow of the Greater North Sea no manual selection of datasets was performed as the
metadata indicated phytoplankton data to be present in the datasets (Table 4). As in the analysis for the
Greater North Sea, the 'sampling events' that share time and place were considered as one sample in the data
structuring. In order to develop a dataset based on presence/absence, it was assumed that if a target species
was observed during a sampling event, within certain dataset and in a certain year, the target species had
been searched during all other sampling events (for that dataset and that year). This could then be
complemented with absence data for each species. This presence/absence information is written to the output
file, alongside the spatial location and the sampling date.

2.6.3 Data product
The results can be shown as the relative abundance of one target species, per season over the selected time
period, as for example Nitzschia longissima between the years 1995 to 2020 (Figure 4). In a similar way than for
the Greater North Sea, the final product considers the 100 most common species and genera of
phytoplankton represented with those four different formats.
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Figure 4. Sampling effort per season and relative abundance of Nitzschia longissima during the period 19952020

Figure 5. Average of Nitzschia longissima relative abundances per season showing the second quartile (median:
thick middle bar), first and third quartile (lower and upper part of the boxes), minimum and maximum (ends of
vertical lines) and out layers (black dots)
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Figure 6. Map of the yearly average of the relative abundance of Nitzschia longissima (coloured points) and
sampling efforts per grid cell on the Baltic Sea in the period 1995-2020
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Figure 7. Map of the seasonal average of the relative abundance of Nitzschia longissima (coloured points) and
sampling efforts (size of points) per grid cell on the Baltic Sea in the period 1995-2020
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2.6.4 More information
The code to develop this product can be found in https://github.com/EMODnet/EMODnet-BiologyPhytoplankton-Baltic.

2.7 Workflow to estimate presence/absence of a functional group –
benthos (Deltares)
2.7.1 Introduction
The large EMODNET Biology databases only store confirmed presences of species. However, when mapping
species distribution, it is also important where the species did not occur: there is at least as much information
in absences as in presences. Inferring absences from presence-only databases is difficult and always involves
some guesswork. In this product we have used as much meta-information as possible to guide us in inferring
absences. There is important meta-information at two different levels: the level of the dataset, and the level of
the species. Datasets can contain implicit information on absences when they have uniformly searched for the
same species over a number of sample locations.
Normally, if the species would have been present there, it would have been recorded. Other datasets, however,
are not informative at all about absences. Typical examples are museum collections. The fact that a specimen
is found at a particular place confirms that it lived there, but does not give information on any other species
being present or absent in the same spot. A difficulty is that some datasets have searched for a restricted part
of the total community, e.g. only sampled shellfish but no worms. In this case, absence of a shellfish species is
relevant, but absence of a worm is not. The dataset can only be used to infer absence for the species it has
targeted. Here we implicitly assume that a dataset inventorying the endomacrobenthos, is targeting all species
belonging to this functional group. Usually, the distinction can be made on the basis of the metadata. It is also
helpful to plot the total number of species versus the total number of samples. Incomplete datasets have far
less species than expected for their size, compared to 'complete' datasets. At the species level, taxonomic
registers such as WoRMS give information on the functional group the species belongs to. This information is
present for many species, but it is most likely incomplete. The size of the register excludes any easy test of
completeness of the traits. However, even if incomplete, the register trait data can be used to select the most
useful datasets. If one were to use an incomplete register directly to restrict the species to be used in
mapping, that would cause loss of interesting information. Therefore, the present workflow contains additional
steps using the identified promising datasets rather than the species list based on the register’s traits.

2.7.2 Data series
The retrieval of data was done in three steps. Firstly, functional group information was used to harvest
potentially interesting datasets. A query was performed for data on species known to be benthic (in WoRMS)
and to occur in a number of different sea regions. This yielded a large dataset with benthic data, but many of
these data came from datasets that were not useful for our purpose, as an example, planktonic datasets
contain many benthic animals, because larvae of benthic animals occur in the zooplankton (the so called
meroplankton). The plankton datasets cannot be used to infer about absence of benthos in the seafloor. From
the inventory resulting from step 1, all potentially interesting datasets, that contain at least one benthic animal
in the region of interest, were harvested. The IMIS database, with meta-information on the datasets, was
subsequently used to list the metadata of all these datasets. On that basis a (manual) selection of datasets to
be used was performed and quantified as either 'complete' or 'incomplete'.
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Secondly, all the useful datasets that occur in the region of interest were downloaded. For practical reasons
this region was subdivided in smaller portions – in that way the downloaded files were not too big and
decreases the risk of interruptions of the process. After downloading, all the files were recombined into one
big data file.
Thirdly, 'sampling events' that share time and place were defined and these were considered as one sample.
For the incomplete datasets, and inventory of the species they have targeted was created. Finally, for every
species it was determined whether or not it was present in all sampling events of all relevant datasets. This
presence/absence information was written to the output file, together with the spatial location and the
sampling date.

2.7.3 Data product
For the final data product, the presence/absence information was rasterised and shown in a map per species.
The intention is to use this information to produce interpolated maps covering also the non-sampled space.
The latter application has not yet been tested.
Example output for one species is shown in Figure 8.

Figure 8. Rasterised map of the occurrence probability of Lanice conchilega in the Greater North Sea. The
proportion of samples containing the species is displayed with the colour code per raster grid cell
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Currently, there are maps available for a total of 1370 taxa. These encompass all taxa that have been observed
more than 200 times in the total dataset of over 90,000 samples. There are approximately 73,000 samples in
‘complete’ datasets, targeting the whole community. The remainder are ‘incomplete’ datasets that only
recorded the presence of a limited number of species.
Distinction between ‘complete’ and ‘incomplete’ datasets was made based on the description of the datasets
in the meta-information, and checked using the relation between sampling effort and number of species
found. The latter showed a good overall correspondence for the ‘complete’ datasets, although some datasets
focusing on estuarine areas had a relatively modest number of taxa found for a relatively large sampling effort.
From the large number (approximately 6500) of taxa found in these datasets, most are classified in WoRMS as
‘benthos’. However, over 1000 species were not, even though they were all found in datasets targeting
benthos. This is partly explained because benthos datasets also find small fish, occasional zooplankton and
other animals that are not typically benthic but that are often reported in the results. Another reason is by the
fact that it concerns high-level taxa that count both benthic and non-benthic species in the taxon. Lastly,
however, it is due to the fact that the species databases are incomplete. The list of non-benthic taxa found in
benthic datasets was transferred to the WoRMS editors, in order to help with updating the traits database.
This operation was not at all automatic, as it was clear that the list contained a large number of taxa that could
not be termed ‘benthic’.

2.7.4 Comparison with existing data product
macrobenthos in North Sea and Baltic)

(numerical

density

of

In previous workshops, a data product with compiled macrobenthos abundance data from a selected number
of (large) datasets that share methodological characteristics (only box cores) and that provide numerical
density, not just presence of species, was prepared. This dataset has many samples in common with the
presence/absence dataset prepared here, and for some species the resulting maps are virtually identical. For
some other species there are notable differences, e.g. shellfish species for which much additional material was
available in the Dutch coastal zone and German waters (Figure 19).
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Figure 9. Comparison of maps based on presence/absence (left) to a map based on numerical density (right) of
Spisula solida
Other species, that are difficult to sample with box cores, exhibit more differences, e.g. the crab Liocarcinus
holsatus. However, this species can be supposed to be badly sampled in both datasets, so the importance of
the differences is probably limited. For some species the extra information on the central and eastern parts of
the North Sea is an addition, e.g. Nephtys hombergii.
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Figure 10. Comparison of maps based on presence/absence (left) to a map based on numerical density (right) of
Nephtys hombergii
An example of a species for which the added information is minimal, is Eulalia mustela, where the
correspondence is almost perfect.
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Figure 11. Comparison of maps based on presence/absence (left) to a map based on numerical density (right) of
Eulalia Mustela
In general, as is also shown by the above examples, the correspondence between the fraction presences
shown in the rasterisation of presence/absence information, and the numerical abundance (on log scale) is
very striking. Significant deviations between both colour schemes are mostly found in areas that are very
poorly sampled - any presence there will almost automatically be 100% of the samples in the raster cell, as
most cells have only one observation. It can be seen, however, that many areas of the North Sea are better
samples than that and that the fraction presence is a very good proxy for density.

2.7.5 More information
Authors of the product are Peter Herman, Willem Stolte and Luuk van der Heijden. The code is documented
on https://github.com/EMODnet/EMODnet-Biology-Benthos_greater_North_Sea
It is not possible to show all the intermediate very large (>1Gb) data files on Github. Reproduction of the
product is possible but requires long download times.
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2.8 ‘Proof of concept’ examples: complementary environmental data and
commercial shellfish species vulnerable to ocean acidification (NIOZ,
Deltares, CEFAS)
2.8.1 Introduction
Ocean acidification (OA) has become one of the most studied topics in the last 15 years. The majority of the
research published to date seems to suggest that some of the effects of ocean acidification could have
dramatic consequences for ecosystems. The emerging evidence suggests that ocean acidification will act
differently across species and there may be direct and indirect effects for ecosystems. The information
gathered in this ‘proof of concept’ is to showcase what datasets are available and what is possible to distil
from the combination of information. The time-series provided for pH helps to describe what are the current
environmental conditions and variability of an area.

2.8.2 Data series
The Dutch RijksWaterStaat monitoring data was used to find any parameters that are related to pH. The Dutch
RWS data were downloaded using a script developed by Willem Stolte, “rwsapi”, and that can be found on
GitHub (wstolte/rwsapi). In addition to pH, other parameters were also downloaded, using the same script.
Based on the pH time series for the stations that had a sufficient amount of observations, it is clear that the pH
dropped consistently from 1990 till 2013 (this is known from the literature), but started to increase again after
that time. As far as we are aware, the increase from 2013 has not yet been documented (Figure 22). Two
exceptions in which this trend is not clear, are the stations DANTZGT and DOOVBWT, but these are located at
the interface between the North Sea and Wadden Sea.

Figure 22. Left: Position of the stations where a significant amount of pH measurements was available (RWS
database). Right: pH versus time for 16 stations, for position of these stations: see left figure.
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To put this into perspective and find possible causes for this trend, the RWS database was visually inspected
for other parameters that display similar characteristics. Neither temperature, salinity, various forms of
dissolved inorganic nitrogen and phosphorus, dissolved Silica, organic matter, suspended particulate matter
(SPM), nor chlorophyll, showed a similar trend. One prominent exception was the oxygen concentration, that
(unexpectedly) mirrored the pH trend, showing a consistent decrease after 2013 (Figure 23). The concentration
of Calcium in the surface water that was measured from 2009 on also exhibits an increasing trend in time,
similar to pH (not shown).

Figure 23. Oxygen concentration versus time for 9 stations (RWS), for their positions: see Figure 22, left.
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2.8.3 Biological data sources
Shellfish species are important resources as they contribute with food provision and economic resources.
Biologically, these resources are also important as they will provide habitat, food and ecological stability.
This work has included an example from the Dutch coastal areas. The area hosts a wide range of commercial
species, some of the data sources are stored in EMODnet Biology, whilst others are also stored in
https://www.informatiehuismarien.nl/uk/.

2.8.4 Data product
The work discussed under this ‘proof of concept’ considers the value of integration of biological and chemical
datasets. The preliminary screening of the available pH datasets has helped to illustrate some of the changes
observed in the Dutch coastal zone. The biological datasets have helped to map the distribution and extent of
suitable shellfish habitat. The idea is to continue to explore what other data layers could help to effectively
provide a coherent case study with several data attributes. This work could help to advance our current
knowledge on species presence, abundance and distribution and current changes associated with
temperature, pH and oxygen. These types of multi-variable approaches can help to illustrate the need to
understand multiple stressors changes in commercial species. The current need to map, document and
understand current and future/expected change in commercial species is of concern, particularly as climate
driven variables are changing in marine environments.

2.8.5 More information
The ability to combine information on species’ distribution and ph, has helped us to understand the variability
and trends observed in the Netherlands. The work has also highlighted the need to integrate several data
sources, and could help to assess how the biological responses could modify and/or influence a particular
system.
The code to develop this product can be found in: https://github.com/EMODnet/EMODnet-Biology-ShellfishOcean-Acidification

2.9 ‘Proof of concept’ product: Fraction of mixoplankton (photophagotrophic) species in the Greater North Sea and Celtic Seas
(Deltares)
2.9.1 Introduction
Mixoplankton (Flynn et al. 2019) is a newly introduced term indicating plankton that is capable of both
photosynthesis and phagotrophy. More details are found in the literature mentioned. The potential trophic
state can be seen as an inherent characteristic of plankton species. A literature and expert knowledge study
has provided the classification in either phototrophy or mixotrophy which is submitted as traits data to
WoRMS. This analysis makes use of this classification to estimate the spatial and temporal distribution of the
fraction of mixoplanktonic species in the Greater North Sea including the Celtic Seas.
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2.9.2 Data series
The data series selection representing phytoplankton in the Greater North Sea and Celtic Seas () was used as a
basis. The species in this data series were classified as “phytoplankton”, “mixoplankton” (= mixotrophic
plankton) or unknown.
Schneider et al. (submitted to Journal of Biological Data, data submitted to WoRMS) has defined trophic mode
for about 1500 species of plankton. A first subdivision is in
phytoplankton - phototrophic, no phagotrophy known
mixoplankton - capable of phototrophy and phagotrophy
zooplankton - phagotrophic, no phototrophy known.
Mixoplankton is subdivided in different classes, but at this moment this subdivision is not used.
The code is available at https://github.com/EMODnet/EMODnet-Biology-fraction-mixoplankton-GreaterNorth-Sea

2.9.3 Data product
A first result has been plotted on a grid with cell size of 0.5 x 0.5 degrees latitude/longitude. The grid size can
be easily modified, but this size provided a reasonable spatial detail, while still most of the cells were filled.

41

EASME/EMFF/2017/1.3.1.2/02/SI2.789013–
EMODnet Thematic Lot nº V- Biology
WP4 Data Product Workshop

Figure 24. Map of the fraction of mixoplankton species (mixoplankton/(phytoplankton + mixoplankton)) per grid
cell (0.5 x 0.5 degrees) for the Greater North Sea between 1995-2020 for each season.
The fraction of mixoplankton species is highest in summer/autumn and in offshore areas. As mixoplankton are
assumed to be good competitors at low inorganic nutrient concentrations, this is in line with expectations (e.g.
Stoecker et al. (2017)).

2.9.4 Discussion
•

This is a first prototype of the product. There are still a few issues that need to be addressed.
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•

Incomplete classification: At the moment, only 1500 species could be automatically classified as either
phytoplankton or mixoplankton. This means that we are missing a number of species in this analysis,
because the data contain more than 5000 species names. Part of those may be heterotrophic, which
does not influence the maps above. If we assume that the fraction of mixoplankton is not very
different in these unknown species as compared to the known species, the bias is not very strong.
This, however, requires some more analysis.

Figure 25. Number of observations per plankton trophy classification (see text for trophy explanation)
•

Bias in species per dataset: Not all datasets address the same species. For example, the Plankton Recorder
data contain species that are retained on a 60 µm filter, which excludes a number of small species. A
possible way to get a better grip of the effect of this bias is to only regards species that occur in all (or
most) datasets. This still needs to be done.
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3 Discussion
3.1 Improvement of products by incorporating additional information
A common theme in the activities undertaken during this workshop was the aim to improve the quality of
species distribution products by incorporating additional information. This additional information can be
acquired from the datasets metadata, from species trait databases or from environmental layers characterising
the sampling stations.
Incorporation of dataset meta-information, as well as species trait information, is shown in the exercises
aiming at obtaining better species distribution maps of benthos and phytoplankton. Using basic trait
information on the functional group species belong to, as well as taxonomic information, it is possible to
select a number of datasets that contain information of the functional group investigated. In our experience,
however, this gross list needs to be trimmed down to a net list of useful datasets by manual inspection and
selection of the datasets. The process cannot be automated due to the high diversity of aspects to be
considered.
Occasionally expert judgement is needed to reach a decision. Although this requires quite some work per
dataset, the overall effort is limited as the number of datasets concerned is also not very large. For the benthic
datasets in the Greater North Sea, one of the better studied groups in EMODNET Biology, it concerned
approximately 250 datasets. Some of these come in series (e.g. museum observations on different taxonomic
groups, separated in one dataset per group) and can be dismissed easily for the whole group.
Compared to presence-only datasets, the presence-absence datasets compensate for the unequal spatial
spreading of the observations in the database. This may greatly affect the visual appearance of the distribution
maps. A single presence in an area, where many absences were recorded, will go unnoticed in a map of
fraction presence, but stand out in a map of presences only.
Comparison with a quantitative database containing species abundances (and thereby implicitly also species
absences) could be performed for the benthic datasets. It did not reveal major differences for many species. It
was striking that the rasterised fraction presences showed very good spatial correspondence with the
rasterised mean abundance values. For some species groups and for relatively poorly sampled areas (mostly in
the central, eastern and northern North Sea) spatial coverage was better. Species with their distribution core in
these areas are better presented by the presence/absence product. The same seems to be true for species
mainly sampled in epibenthic gears or by diving. However, for both these classes closer examination would be
needed to establish comparability of data across datasets.

3.2 Towards integrated EMODNET products
It is not yet possible to fully evaluate the added value of cross-comparing species distribution data with
environmental data layers available from other EMODnet lots, such as Habitats, Geology or Bathymetry. Much
work has been spent in developing the workflows for the comparison, but results are just coming in and have
not yet been fully evaluated. However, we envisage that this workflow can be profitable in many respects. In
principle, one can expect that they lead to improvement of habitat classifications, but if the reverse could also
be realized (improvement of knowledge of habitat preferences of species) one could also envisage it to
contribute to a better characterization of species in WoRMS.
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