
1Scientific Data |          (2025) 12:957  | https://doi.org/10.1038/s41597-025-05311-2

www.nature.com/scientificdata

A macrozoobenthic data set of the 
Black Sea northwestern shelf
Séverine Chevalier   1,2 ✉, Olivier Beauchard3, Adrian Teacă4, Tatiana Begun4, 
Valentina Todorova5, Luc Vandenbulcke1, Karline Soetaert3 & Marilaure Grégoire1

Benthic ecological data are crucial to study and manage ecosystems. On the one hand, abiotic and 
species data provide complementary information to identify habitats. On the other hand, trait data, 
describing taxon characteristics, are required to predict anthropogenic impacts on marine ecosystems. 
Indeed, species traits are now widely used to understand natural selection in communities or to 
highlight ecosystem functions. While trait data are in growing demand, compiling them is challenging, 
time-consuming and there are no properly established procedures for major marine ecosystems. 
Here, we share a data set comprising macrozoobenthic occurrences for 215 taxa over the Black Sea 
northwestern shelf, between 1995 and 2017, and 27 traits documented for 127 taxa that related to 
life cycle and ecosystem function. In addition, we provide an abiotic data set of physical and chemical 
variables generated by a model or compiled from in-situ data. This data set aims to fill the functional 
knowledge gap in the Black Sea and offers research opportunities to future studies covering ecosystem 
functions, biodiversity conservation, and management.

Background & Summary
The macrozoobenthos, which lives in soft-bottom sediment, is a key component of the marine ecosystem 
because it regulates the fluxes of energy and matter between the sediment and the water column1–4. In shallow 
coastal waters, their behaviour and activity have a great impact on climate regulating and supporting ecosystem 
services via their effect on processes like carbon sequestration or denitrification3,5,6. Besides their important roles 
in ecosystem functioning, macrozoobenthic species are widely used as reliable bio-indicators for monitoring 
ecosystem health because of their wide distribution, relative fixed position and sensitivity to external stress-
ors7–12. In the framework of the Marine Strategy Framework Directive13 (MSFD) and the EU Habitats Directive14 
(HD) programs, acquisition of macrozoobenthos data is critical for assessing the state and changes in marine 
ecosystem in response to external pressures. To enhance our understanding of the interactions between organ-
isms and their environment, benthic faunal data need to be combined with habitat descriptors (e.g., substrate 
type, oxygen levels). Thus, habitat descriptors as well as species occurrences are crucial to identify biotopes, 
enabling more targeted and effective management strategies13.

In the recent decades, trait-based approaches have become useful tools for better predicting benthic commu-
nity assemblages and ecosystem functional changes15–18. Traits are any morphological, physiological or pheno-
logical features, described at the species level19–21. Traits can define species vulnerability to disturbances22,23 (i.e., 
response traits24) and estimate role of the species on ecosystem functions25,26 (i.e., effect traits24). Thus, trait data 
are necessary for gaining mechanistic insights into space occupation (e.g., environmental filtering) and better 
predict the roles of benthic communities on ecosystem functioning15,27,28.

Here, we present an extensive data set combining species, biological traits and abiotic descriptors to gain a 
holistic understanding of marine benthic health. We compile occurrences for 215 macrozoobenthic taxa, sam-
pled over the northwestern continental shelf of the Black Sea. This part of the Black Sea has been heavily dis-
turbed by eutrophication and organic enrichment, leading to strong bottom hypoxia, and other anthropogenic 
pressures such as bottom trawling, which generally alters benthic ecosystem functions29–36.
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Our data set includes a wide panel of response and effect traits that enable various kinds of investigations 
on functional diversity19,37,38, development of ecological indicators through the simultaneous combination of 
response traits15,17,39,40 and estimation of key ecological processes (e.g., bioturbation6,39,41 and bioirrigation39,42,43), 
precursors of ecosystem functions44,45. We also provide abiotic data to investigate community response to envi-
ronmental drivers (e.g., RLQ analysis46,47). Abiotic data can be used as predictors for ecological processes spatial 
distribution modelling48–51. The mapping of these indicators can help to identify hotspots of functional diversity 
and ecosystem processes, supporting ecosystem-based management44,45,52–54.

Methods
Sampling station records.  We compiled a macrozoobenthic data set covering the Black Sea northwestern 
shelf from various projects: EROS-2000, SESAME (https://cordis.europa.eu/project/id/36949), HYPOX (https://
hypox.pangaea.de/), EMBLAS Joint Black Sea Surveys 2016–2019 (https://emblasproject.org/) and Marine 
Strategy Framework Directive for Bulgarian coast in 2017 from the Institute of Oceanology - BAS. Macrobenthos 
data (i.e., biomass and individual densities) are archived and freely accessible from Marine Data Archive for 
EROS-200055 and PANGEA database for SESAME56,57 and HYPOX58,59. The data from EMBLAS were collected, 
processed and analysed by GeoEcoMar, in Romania. Within the EMBLAS project60, the Ukrainian Scientific 
Centre of Ecology of the Sea (UkrSCES) processed and analyzed samples from the same stations. Those data were 
published in OBIS database (accessible here: https://obis.org/dataset/307bff4d-7eb1-45cb-8573-542efd0ab6ba for 
2016, and here: https://obis.org/dataset/bd967b0f-b665-4e07-9739-cae14726dc40 for 2017). Macrozoobenthos 
data from MSFD-Bulgarian were collected, processed and analysed by the Institute of Oceanology, Bulgarian 
Academy of Sciences (IO-BAS) in the framework of Black Sea monitoring program61.

A total of 237 stations were sampled between 1995 and 2017 (Table 1, Fig. 1). A summary with the number of 
stations per campaign and their respective date is provided in Table 1. The investigated period was characterized 
by important environmental changes with the progressive reduction of eutrophication due to the decrease of the 
nitrate and phosphate river discharges in the 1990s31 and the warming of the water that significantly reduces the 
formation of the cold intermediate waters since 200862–65. A more detailed study of environmental changes and 
how it affected species compositional changes between 199555 and 2008-201756–60 is provided in66.

Abiotic data.  Abiotic conditions were provided from in-situ data and a 3D ocean numerical model run in 
operational mode in the frame of the Copernicus Marine Service (CMEMS). More details about abiotic data can 
be found in66.

In situ data.  For each sampling station, sampling depth was provided as well as substrate type information. 
Several substratum classifications were used throughout the campaigns. For the EROS-2000 campaign, sediment 
characteristics averaged over the top 21 cm were provided in55 (e.g., porosity, medium grain size, and silt content, 
defined as the sediment fraction <63 µm). For SESAME56,57, HYPOX58,59 and MSFD on the Bulgarian coast61, 
sediment type was directly derived from Van Veen grab samples. For EMBLAS data60, substrate information was 
taken from EMODnet (“EUNIS-like” classification for the Black Sea67). To compare substrate information, we 
determined a single substratum code divided into three main categories: “muddy to sandy mud”, “muddy sand 
to sand” and “mixed and coarse sediment” (adapted from EMODnet Geology, in67,68).

Model data.  We computed abiotic data from a model reanalysis delivered by the Copernicus Marine 
Service (CMEMS) Black Sea Marine Forecasting center69. These data were produced by the coupled 
hydrodynamical-biogeochemical NEMO4.2-BAMBHI (BiogeochemicAl Model for Hypoxic and Benthic 
Influenced areas) model run in reanalysis mode at a resolution of 2.5 km with 59 vertical levels. BAMHBI is 
implemented in the three-dimensional hydrodynamic model Nucleus for European Modelling of the Ocean 
(NEMO, www.nemo-ocean.eu) and is currently run in operational mode in the Black Sea. The model simulates 

Campaign Date of sampling Number of stations

EROS-200055 5 to 27 August 1995 27

SESAME56,57
7 to 8 April 200856 4

9 to 11 September 200857 4

HYPOX58,59

14 to 24 May 2010 32

22 July 2010 4

5 to 9 September 2010 15

2 to 10 April 2011 30

EMBLAS60
17 to 21 May 2016 15

10 July 2017 7

MSFD
Bulgarian coast61

6 to 28 October 2017 84

15 to 17 October 2017 15

5 December 5

Total 237

Table 1.  List of campaigns with their respective date of sampling and number of stations.
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oxygen, nitrogen, phosphorus, silicate and carbon cycling mediated by several plankton functional types and 
the microbial loop. It explicitly represents processes in anoxic conditions and the benthic remineralization and 
resuspension processes. More details on the model can be found in70–72. A summary with the abiotic descriptors, 
their respective abbreviation and unit is provided in Table 2.

Taxonomic occurrence data.  Data acquisition.  During the EROS-2000 campaign, the fauna was sampled 
with a Reineck box corer (60 × 30 x 30 cm), and 8.6 cm i.d. cores were taken from the box corer 10–12 cm down 
into the sediment. On the ship, samples were stained with Congo Red and preserved in buffered formaldehyde. In 
the laboratory, the samples were washed through 1.0, 0.25 and 0.125mm mesh sieves to remove the mud and to 
separate macro- and meio-zoobenthos. All the material retained by the three sieves was examined by binocular 
microscope. Macrozoobenthic animals were identified, if possible, to the lowest taxonomic level (i.e., species 
level). Abundance was expressed as number of individual organisms per m2 (hereafter called individual density) 
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Fig. 1  The Black Sea in the regional context of the study. Named rivers as the main sources of freshwater inputs; 
black dots represent the sampling stations between 1995 and 2017. Contour lines and colour bar denote water 
depth in meters.

Abiotic descriptors Abbreviation Unit

Physical variables

Bottom temperature TEMP °C

Bottom salinity SAL p.s.u (practical salinity unit)

Bottom shear stress SHEAR N m−2

Chemical variables

Photosynthetically active radiation at the bottom PAR W m−2

Particulate organic carbon at the bottom POC mmol C m−3

Vertically integrated organic carbon in the sediment (fast decay) fCSED mmol C m−2

Vertically integrated organic carbon in the sediment (slow decay) sCSED mmol C m−2

Dissolved oxygen concentration (bottom) DOX µmol l−1

Particulate organic carbon flux to the bottom botfluxPOC mmol C m−2 day−1

Table 2.  List of abiotic descriptors derived from the coupled hydrodynamical-biogeochemical NEMO4.2- 
BAMBHI model with their respective abbreviation and unit. Abiotic variables are classified into two categories: 
physical and chemical variables.
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and wet weight, including shells, was determined and reported as g per m2 (hereafter called biomass density). 
More details on the sampling protocol and data are provided in73,74.

Since 2005, the Black Sea Commission recommended to use the standardized macrozoobenthos protocol 
described in75. This protocol was used for all the samples collected between 2008 and 2017. Briefly, samples 
were collected with a Van Veen grab with surface of 0.135 m2 and washed through a 0.5 mm mesh size sieve. 
Organisms retained on the sieve were fixed with formaldehyde 4%, buffered with seawater, and finally stored in 
plastic jars. In the laboratory, the organisms were counted and identified to the lowest possible taxonomic level. 
When an identification at species level was not possible due to damage or unsolved taxonomic problems, the 
lowest reliable taxonomic level was given. Individual organism density was expressed in number of individuals 
per m2 and biomass density, including shells, was expressed in wet weight g per m2. More details on the sampling 
protocol between 2008 and 2017 are provided in75.

Taxonomic correction.  Firstly, the faunal data set was checked to adopt a common nomenclature of species 
name aligned with the World Register of Marine Species (accessible online: https://www.marinespecies.org/). 
We updated some taxa according to expert knowledge and the newest taxonomic research over the Black Sea. A 
taxonomic list with original macrozoobenthos name and our corrections is provided in the data set.

In a nutshell, we applied those rules below:

	 1.	 Taxa not relevant (i.e., not belonging to macrozoobenthos) to be included were removed (e.g., Chironomi-
dae (insect)).

	 2.	 Taxa relevant to be included in macrozoobenthos list were added (e.g., Phoronis psammophila was misclas-
sified as meiobenthos in73,74 and was added to our updated taxonomic list).

	 3.	 If an identification was too unclear, we removed the taxon from the taxonomic list (e.g., identified species 
misidentified with juveniles from another species or presence too controversial in the Black Sea).

	 4.	 Revision of taxonomic name according to the most recent literature and expert knowledge (e.g., Apherusa 
bispinosa referred in fact to Apherusa chiereghinii).

	 5.	 Some species were misidentified (e.g., Polydora cornuta misidentified as Polydora ciliata in 199576 so P. 
ciliata occurrences were merged with the correct name P. cornuta).

Then, for each taxon, the species level was kept when it accounts for more than 90% of all records while 
the remaining records were discarded (less than 1% of the records). If for a certain taxon, less than 90% of the 
records was done at species level, the genus level was considered (e.g., the 3 generic records of Abra spp. were 
discarded, keeping the 103, 74 and 5 records of Abra alba, Abra nitida and Abra segmentum respectively).

Trait data.  Biological trait documentation.  127 taxa were documented for 27 traits that express either their 
response to environmental forces or their role in ecosystem functioning (Table 3). The literature compiled com-
prised 590 sources, including 544 articles, 23 books and book chapters, 13 academic theses, 8 reports and 2 
websites. Each trait was composed of several binary variables as modalities representing either intervals along a 
gradient (e.g., lifespan, in years, includes the modalities <1, 1–3, 3–10 and >10) or qualitative states (e.g., feeding 
type includes 4 modalities: Deposit feeding, Suspension feeding, Herbivory/Grazing and Carnivory/Scavenging). 
When a taxon had clearly an affinity for one or more modalities, it was attributed 1 for the corresponding modal-
ities, 0 everywhere else.

When the information was not available at the species level, information at the genus level was considered. 
In some cases, we used the information at the family level when genera were synonyms. Exceptionally, opos-
sum shrimps, partly identified below the order Mysida (that included, next to Mysida, the dominant species 
Gastrosaccus sanctus and Paramysis pontica, and marginally Siriella jaltensis), were all considered at the order 
level. Thus, we used information on G. sanctus and Paramysis spp. to derive traits for the order Mysida. Indeed, 
like in many small crustaceans (especially amphipods, isopods and hooded shrimps), opossum shrimp dwelling 
modes, developmental and reproductive biology are extremely homogeneous within the order77.

As displayed in Fig. 2, only a few trait modalities are observed marginally in the data set. Modality dominance 
in the overall fauna is mostly encountered for age-related traits (e.g., life span, age at maturity) and ecosystem 
functions (e.g., bioconstructions). This is especially the case for endo-bioconstructions, such as blinded-ended 
(T21.M2) or open-ended burrows (T21.M3), which are observed in a smaller proportion of records compared 
to the absence of such structures (T21.M1). Indeed, the construction of burrows requires a certain degree of 
specialisation in terms of sediment engineering and physiology (i.e., burrow construction and survival through 
ventilation), and are not dominant modalities in a community, as shown in a larger species pool39.

Representativeness of functional information.  Next to trait description, Table 3 indicates trait expression. Traits 
expressing mainly response are primarily life history descriptors, typical of life cycle aspects (Table 3, T1 to T13). 
Other traits expressing response such as body mass, body length, mobility and substratum depth occupancy 
(T14 to T17) are more related to dwelling mode with possible implications in species interactions, can also 
express ecosystem function. Most of the remaining traits (T18 to T27) mostly account for ecosystem functions 
such as bioturbation2 (e.g., sediment biomixing and bioirrigation), sediment stabilisation and habitat creation 
(e.g., epi- and endo-bioconstruction that provide refuges); these effect traits are more specific to ecosystem engi-
neering whereby the activity of an engineer species indirectly affects the fitness of co-occurring species through 
modifications of the physical environment78; the relevance of these effect traits is supported in39.
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Column label Trait code
Modality 
code Trait Modality Description

Expression

Response Effect

T1.M1 1 1

Life span (years)

<1

Time necessary to achieve a life cycle during which at 
least one reproductive success is ensured; informs also 
on growth rate.

+

T1.M2 1 2 1–3

T1.M3 1 3 3–10

T1.M4 1 4 10–20

T1.M5 1 5 >20

T2.M1 2 1

Age at maturity (years)

<1
Time after which reproductive success can be 
expected; informs also on growth rate. +T2.M2 2 2 1–3

T2.M3 2 3 >3

T3.M1 3 1

Sexuality

Gonochorism
Gonochorism, constraint of reproductive completion, 
unlike homogamy. Protandry, growth constraint. +T3.M2 3 2 Homogamy

T3.M3 3 3 Protandry

T4.M1 4 1

Reproductive frequency

Sexual seasonal

Degree of reproductive resilience. +T4.M2 4 2 Sexual continuous

T4.M3 4 3 Asexual

T5.M1 5 1

Fertilisation

Broadcasting

Informs on proximity between genitors. +T5.M2 5 2 Spermcasting

T5.M3 5 3 Pairing

T6.M1 6 1

Annual fecundity 
(number of offsprings)

<10e2

Potential of annual demographic recruitment. 
Generally correlated to offspring mortality. +

T6.M2 6 2 10e2-10e3

T6.M3 6 3 10e3-10e4

T6.M4 6 4 10e4-10e5

T6.M5 6 5 10e5-10e6

T6.M6 6 6 >10e6

T7.M1 7 1

Offspring type

Egg
Offspring once released and independent from the 
parents. Expresses offspring survival. +T7.M2 7 2 Larva

T7.M3 7 3 Juvenile

T8.M1 8 1

Offspring size (mm)

<0.1

Reproductive allocation per capita. +
T8.M2 8 2 0.1-0.5

T8.M3 8 3 0.5-1.5

T8.M4 8 4 >1.5

T9.M1 9 1

Offspring protection

None

Expresses parental cares and offspring survival. +
T9.M2 9 2 Gel

T9.M3 9 3 Capsule

T9.M4 9 4 Bearing/Brooding

T10.M1 10 1

Offspring development

Planktotrophic

Informs on developmental complexity, embryonic 
vulnerability and adult reproductive effort. +

T10.M2 10 2 Lecithotrophic

T10.M3 10 3 Mixed planktotrophic

T10.M4 10 4 Mixed lecithotrophic

T10.M5 10 5 Internal

T11.M1 11 1

Offspring benthic stage 
duration (days)

Null

Critical time on the sea floor necessary to achieve 
offspring development. +

T11.M2 11 2 <15

T11.M3 11 3 15–30

T11.M4 11 4 30–60

T11.M5 11 5 >60

T12.M1 12 1

Offspring pelagic stage 
duration (days)

Null

Critical time in the water column necessary to achieve 
offspring development. +

T12.M2 12 2 <15

T12.M3 12 3 15–30

T12.M4 12 4 30–60

T12.M5 12 5 >60

T13.M1 13 1

Offspring settlement size 
(mm)

<0.5

Early body size. See below. +
T13.M2 13 2 0.5–1.5

T13.M3 13 3 1.5–5

T13.M4 13 4 >5

Continued
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Column label Trait code
Modality 
code Trait Modality Description

Expression

Response Effect

T14.M1 14 1

Body mass (g AFDM)

<0.001

Body size, amount of living tissues. Expresses well 
metabolic demand. + +

T14.M2 14 2 0.001–0.010

T14.M3 14 3 0.010–0.100

T14.M4 14 4 0.100–1.000

T14.M5 14 5 1.000–10.000

T14.M6 14 6 >10.000

T15.M1 15 1

Body length (cm)

<1

Length of the main body part, not necessarily 
correlated to body mass. Strongly involved in space 
occupation, also in vulnerability to predation.

+ +

T15.M2 15 2 1–3

T15.M3 15 3 3–10

T15.M4 15 4 10–20

T15.M5 15 5 >20

T16.M1 16 1

Mobility

Immobile

Dwelling mode, metabolic demand and species 
interactive potential. + +

T16.M2 16 2 Limited

T16.M3 16 3 Slow

T16.M4 16 4 Fast

T16.M5 16 5 Very fast

T17.M1 17 1

Substratum depth 
occupancy (cm)

0

Occupied layers of the sediment. + +

T17.M2 17 2 0–5

T17.M3 17 3 5–15

T17.M4 17 4 15–30

T17.M5 17 5 >30

T18.M1 18 1

Epi-bioconstruction type

None

Biogenic structure type generated on the sediment. +

T18.M2 18 2 Mat

T18.M3 18 3 Mound

T18.M4 18 4 Shell

T18.M5 18 5 Tube/Tubular protrusion

T18.M6 18 6 Protuberance/Lobe

T19.M1 19 1

Epi-bioconstruction 
extension

None

Complexity of epi-bioconstruction as previously 
described. +

T19.M2 19 2 Simple

T19.M3 19 3 Flattened

T19.M4 19 4 Complex

T20.M1 20 1

Epi-bioconstruction size 
(cm)

None

Largest dimension of epi-bioconstruction as 
previously described. +

T20.M2 20 2 <1

T20.M3 20 3 1–3

T20.M4 20 4 3–10

T20.M5 20 5 10–20

T20.M6 20 6 20–50

T20.M7 20 7 >50

T21.M1 21 1
Endo-bioconstruction 
type

None Biogenic structure build in the sediment; Closed, 
only one opening. Opened, U- or Y- shaped burrow, 
possibly more than two openings.

+T21.M2 21 2 Blind-ended

T21.M3 21 3 Open-ended

T22.M1 22 1

Endo-bioconstruction 
depth (cm)

None/Surficial

Size of previously described. +

T22.M2 22 2 0–5

T22.M3 22 3 5–15

T22.M4 22 4 15–30

T22.M5 22 5 >30

T23.M1 23 1

Endo-bioconstruction 
width

None/Surficial

Width of previously described. May not be necessarily 
related to body size, also morphology. +

T23.M2 23 2 Narrow (<5 mm)

T23.M3 23 3 Intermediate (5–10 mm)

T23.M4 23 4 Wide (>10 mm)

T24.M1 24 1

Ventilation/Pumping

Null

Ability to flush water into a burrow. + +T24.M2 24 2 Low

T24.M3 24 3 High

Continued
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Data Records
Data availability.  All the data, are accessible from the repository Figshare79. Data sets can be freely viewed 
and downloaded from Figshare79 and users are required to cite this data paper in any resulting works (license 
CC-BY). Data are downloadable as six.xlsx files: (1) sampling station records, (2) model data, (3) substrate clas-
sification, (4) taxonomic correction, (5) occurrences and (6) Trait Data Black Sea; and two.csv files (UTF-8, 
deliminated by comma): (1’) traits and (2’) labels. The content of all files are detailed below.

In addition, all the relevant content relative to Supplementary information are available in one.zip file 
“SuppMat”, also accessible from the repository Figshare79.

Sampling station records.  Each sampling station is assigned an ID number, listed in “stations.xlsx” 
(1)79. For each locality, the following is provided: spatial coordinates (latitude, longitude), date of sampling 

Column label Trait code
Modality 
code Trait Modality Description

Expression

Response Effect

T25.M1 25 1

Sediment mixing type

None

Type of sediment particle displacement. Diffusion, 
random, local. Conveying, vertical, non-local. 
Regeneration, instantaneous downward transfer (e.g. 
large burrow collapse).

+

T25.M2 25 2 Diffusion

T25.M3 25 3 Upward conveying

T25.M4 25 4 Downward conveying

T25.M5 25 5 Regeneration

T26.M1 26 1

Biostabilisation

Null

Ability to prevent sediment erosion. +T26.M2 26 2 Low

T26.M3 26 3 High

T27.M1 27 1

Feeding type

Deposit feeding

Informs on food resource origin and how organic 
matter is processed. + +

T27.M2 27 2 Suspension feeding

T27.M3 27 3 Herbivory/Grazing

T27.M4 27 4 Carnivory/Scavenging

Table 3.  Detailed description of the biological traits. “Expression” indicates whether a trait is mainly involved 
in fitness (response), ecosystem function (effect) or both.

Feeding type
Biostabilisation

Sediment mixing type
Ventilation/Pumping

Endo−bioconstruction width
Endo−bioconstruction depth

Endo−bioconstruction type
Epi−bioconstruction size

Epi−bioconstruction extension
Epi−bioconstruction type

Substratum depth occupancy
Mobility

Body length
Body mass

Offspring settlement size
Offspring pelagic stage duration
Offspring benthic stage duration

Offspring development
Offspring protection

Offspring size
Offspring type

Annual fecundity
Fertilisation

Reproductive frequency
Sexuality

Age at maturity
Life span

0 25 50 75 100

Proportional amount of records (%)

Modality
1
2
3
4
5
6
7

Fig. 2  Relative amounts of records within biological traits. Modality codes correspond to those in Table 3.
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(year-month-day), campaign name (see Table 1), dredge equipment used (either box corer or Van Veen grab), 
surface sampled (either 0.09 or 0.135 m2), mesh sieve size (either 0.5 or 1 mm).

We also provide in-situ data (i.e., depth of sampling and substratum code).

Abiotic data.  Model data are given in “model data.xlsx” (2)79 and we provide original substratum description 
and code classification in “substratum classification.xlsx” (3)79. For each variable derived from the model, its aver-
age, standard deviation, minimum and maximum are computed at trimestral scale (centred around the sampling 
time) for each sampling station. Model variables can be sub-divided into two major categories: habitat descrip-
tors related to physics (e.g., temperature, salinity) and those related to chemistry (e.g., dissolved oxygen, organic 
matter content). For very shallow sampling stations (i.e., below 11 m), the model cannot predict sufficiently good 
values due to the proximity with the land. Thus, for 12 sampling stations from the data set, all abiotic data are set 
as non-available (“NA”).

Taxonomic occurrence data.  A taxonomic list with original taxa name and our corrections is pro-
vided in the file “taxonomic correction.xlsx”(4)79. The faunal occurrence list contains 5069 records of 215 
taxa from 11 phyla among the 237 sampling stations. 260 occurrences are identified at the phylum level, 214 
occurrences at the class level, 16 occurrences at the order level, 256 occurrences at the genus level and 4323 
occurrences at the species level. The faunal occurrences are stored in a long format list after an appropriate 
selection of the taxonomic level in “occurrences.xlsx” (5)79. The structure of the list of occurrences is as 
follows:

	 1.	 Sampling station information extracted from the file “stations.xlsx” (column “station” refers to station ID 
number, column “longitude”, column “latitude”, column “year”, column “month”, column “sampling gear”, 
column “sampling surface” and column “sieve”).

	 2.	 Biomass (in wet weight g per m2) and individual densities (number of individual organisms per m2) for 
each taxonomic occurrence. The selected taxonomic level, at which the occurrence is kept, is provided in 
column “taxon”.

For data analysis, a wide format such as a years-stations × taxa matrix can be easily derived using an appro-
priate program.

Trait data.  Trait data are organised in three files (“Trait data Black Sea.xlsx” (6), “traits.csv” (1’) and “labels.
csv”(2’))79. The first.xlsx-file contains a taxa × traits modality matrix (Data sheet); each taxon is preceded by its 
respective taxonomic attributes and code for each modality of trait is provided in Labels sheet. Each specific trait 
is referenced for each specific taxa in sheet References. The two other files contain utility data frame to manipulate 
the trait data matrix (“traits. csv”) and labels (“labels.csv”). In Supplementary information, an example for data 
ordination is given, using these two “csv”-files.

Technical Validation
We provide traits for 127 taxa out of a total of 215 (59%). The data subsets documented for traits represented 88 
and 86% of total individual organism densities for the 1995 campaign and the rest of the data set (2008–2017), 
respectively. Considered in presence-absence, this represents 78% of total taxon presences of the entire data 
set since the most frequent taxa are documented. Per sampling station, this does not cause critical underrep-
resentation of the documented fauna (Fig. 3): the larger the total number of taxa, the larger the number of 
documented taxa.

Furthermore, we test the assemblage structural representativeness of the taxonomic subset documented 
for traits. First of all, for any case study, trait data are potentially relevant if species communities exhibit 
significant compositional variations along spatio-temporal gradients. It is a necessary condition to expect 
variations in species biology. Therefore, we verified significant spatio-temporal variations in community 
composition in the entire data set before comparing it to the subset documented for traits. With that aim, 
we perform a Co-Inertia Analysis80,81 (CoIA; Fig. 4) of the full taxonomic data matrix (referred here after 
as the entire taxocenosis) and on the submatrix containing the taxa for which the traits have been esti-
mated (referred here after as the trait-estimated taxocenosis). Before performing the CoIA, each taxa matrix 
is transformed in presence-absence matrix and is ordinated by Principal Coordinate Analysis (Jaccard’s 
dissimilarity index82). The multivariate correlation83 is strong and highly significant between the entire 
taxocenosis and the trait-estimated one (RV = 0.98, p < 0.001). This supports the assumption that trait com-
position remains unaltered in a random taxonomic subset15,28, especially if this later includes taxa of high 
occurrence frequency.

Abiotic data.  Abiotic data are delivered by a numerical model used in an operational mode by the Black 
Sea-Monitoring Forecasting Centre (BS-MFC, https://marine.copernicus.eu/about/producers/bs-mfc). 
The model is validated according to the skills assessment plan established in CMEMS using historical and 
Biogeochemical ARGO (BGC-ARGO) data sets (accessible online: https://catalogue.marine.copernicus.eu/
documents/QUID/CMEMS-BLK-QUID-007-005.pdf.). Briefly, the quality of the data is assured in CMEMS 
through a dedicated working group, while BS-MFC implements state-of-the-art metrics and supports the cen-
tralized product quality dashboard (dashboard accessible online: https://pqd.mercator-ocean.fr/)69. BS-MFC 
product quality is based on GODAE/OceanPredict and MERSEA/MyOcean standards for the evaluation of 
product accuracy69.
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Taxonomic occurrence data.  Our data set is based on macrozoobenthic data previously validated and 
published in articles73,74,84,85 and official scientific reports (available online: for SESAME project at https://cordis.
europa.eu/project/id/36949/reporting, for HYPOX project at https://cordis.europa.eu/project/id/226213/report-
ing and for EMBLAS project at https://emblasproject.org/publications-and-reports). Since 2005, a standardized 
protocol has been used for quantitative sampling and treatment of macrozoobenthos in the Black Sea75. Besides, 
we provide taxonomic corrections to match the most recent literature and species names are aligned based on 
WORMS database.

Trait data.  We provide a full list of sources used to compile trait data sets in the References section. Our 
selected traits have been published in peer-reviewed papers39,86,87 for other marine ecosystems.

Usage Notes
Our data set offers various research and analytical opportunities in the field of species community ecology. 
A particular opportunity lies in the temporal dimension of the data set that combines effects of space and 
organic disturbance on community composition from the 1990s to the recent period66. The difference in 
sampling protocol between 1995 and the most recent period 2008–2017 may affect the comparison of the 
data (e.g., difference in mesh sieve size, sampling gear). A more detailed review of the constraint of the 
heterogeneous sampling designs is provided in66. Briefly, we recommended to use presence-absence spe-
cies data to limit the effect of different sampling protocols and to remove the Bulgarian data from MSFD 
as the Bulgarian coast was not sampled in 1995. The three objects, namely habitat descriptors, taxon dis-
tributions and traits enable either individual or combined matrix exploratory analyses. Here, we provide 
some research directions based on the most used analytical approaches in species community ecology. A 
schematic representation of several analytical possibilities is provided in Fig. 5. Each table can be processed 
by a single ordination method to solely explore stations, habitat descriptors, species or trait compositional 
structure. The combination of two matrices represents another exploratory level as typically done for iden-
tifying habitats (i.e., abiotic descriptors and fauna through co-inertia or canonical analysis80,81). In this 
respect, abiotic descriptors can be converted into qualitative factors with multiple levels to circumvent 
the constraint of non-linear relationships between variables, in a similar way used in66,86. When focusing 
on stations, the data set offers the possibility to associate the temporal effect, either on individual or com-
bined matrices through between-class analysis (BCA88,89). Ultimately, CoIA can be extended to produce a 
simultaneous ordination of abiotic characteristics (matrix R), species (matrix L) and traits (matrix Q) data 
in the framework of RLQ analysis46,47,90. RLQ analysis can be also used to investigate the impact of human 
pressures (e.g., bottom trawling, pollution) on benthic trait composition91,92. Finally, various functional 
diversity indices can be computed from L and Q matrices to express trait information in a synthetic way at 
the species community level23,38.

In general, a fuzzy coding procedure is used to describe the affinity of a taxa for different modalities of a given 
trait93. Indeed, fuzzy coding is the most appropriate transformation since a taxon can exhibit a non-null affinity 
for several modalities94,95. For instance, a deposit feeding species receives a score profile of 1/0/0/0 while another 
species performing deposit and suspension feeding is scored 1/1/0/0; following fuzzy coding, these profiles 
become 1.0/0.0/0.0/0.0 and 0.5/0.5/0.0/0.0, respectively, hence both summing to 1 and ensuring equal species 
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Fig. 3  Representativeness of the taxonomic subset documented for biological traits. Despite limited numbers of 
taxa documented for traits (y-axis values lying below the 1:1 line), the documentation rate remains proportional 
to the total taxonomic richness (x-axis); r = 0.96, p < 0.001.
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Fig. 4  Structural representativeness of the taxonomic subset documented for biological traits: Co-Inertia 
Analysis (CoIA) between the 237 sampling stations × 215 taxa matrix (full taxocenosis) and the matrix 
limited to the 127 taxa documented for traits. (a) CoIA returns axes that maximise the co-structure between 
the two separate multivariate ordinations: black dots, sampling stations with the full taxocenosis; arrow tips, 
corresponding stations for the subset documented for traits; the longer the arrows, the higher the discrepancy 
between the ordinations of the two sets of station scores; barplot, eigenvalues showing two main axes (in black). 
(b) Relationship between the first axis score of sampling stations from the ordination with the full taxocenosis 
(black dots in (a)) and the ordination with the subset documented for traits (arrow tips in (a)). (c) Relationship 
between the second axis score of sampling stations from each ordination. The very short arrows in (a) evidence 
that the subset of taxa documented for traits well captures the overall community structure, the two axis scores 
in (b,c) being extremely close to each other. Hence, this suggests that the functional information of the entire 
taxonomic pool is likely well represented within the subset, especially due to frequent taxa for which trait 
information are not missing. Multivariate analyses performed with the ade4 package97,98.
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weights. An example of trait data transformation and manipulation is provided in Supplementary information; 
we also give some guidelines to synthesize new traits based on the provided ones. The combination of multiple 
traits into a single ecological indicator is a useful tool to better understand functioning and vulnerabilities of the 
ecosystem15,40,54. Hence, our data set enables the application of a wide panel of ecological data explorations of the 
northwest part of the Black Sea, and could be a strong support to help the implementation of monitoring and 
conservation programmes in the area (e.g., European Marine Strategy Framework Directive13).

Code availability
All analyses and figures were done with R 4.3.396. The software is available from https://www.r-project.org/.
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