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ABSTRACT

Motivation: Subterranean biodiversity is increasingly threatened by multiple intertwined anthropogenic impacts, including
habitat loss, pollution, overexploitation of resources, biological invasions and climate change. Worryingly, subterranean bio-
diversity is still poorly represented in conservation agendas, also due to persisting gaps in our knowledge of the organisms
thriving in the often-secluded and difficult-to-access subterranean ecosystems. This is even more apparent for small-sized (body
size <1 mm) groundwater-dwelling metazoans, among which copepods (Crustacea: Copepoda) represent the dominant group in
terms of both species richness and biomass.

We present a dataset including 6986 occurrence records of 588 species/subspecies of European obligate groundwater-dwelling co-
pepods. We curated all records to make their taxonomy consistent with the current systematics of Copepoda, while assessing un-
certainty in the geographic coordinates by coupling in-depth web and literature searches with GIS analyses. We suggest the data
provided can be used to explore a range of eco-evolutionary questions—from the drivers of the distribution of groundwater fauna
to the assembly of groundwater communities—as well as to prompt the conservation of groundwater biodiversity and more.
Main Types of Variables Contained: Occurrence records of groundwater-dwelling copepods, with details about specimen
taxonomy, source of the record, occurrence locality and habitat type.
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Spatial Location and Grain: Geographical Europe (including western Russian Federation), along with Turkey and Georgia.
Occurrence records were assigned projected geographic coordinates (EPSG:3035) at 100m resolution but with varying spatial

uncertainty.
Time Period and Grain: 1907-2017.

Major Taxa and Level of Measurement: Crustacea: Copepoda. Most records have species-level identification, while some of

them are identified at the subspecies level.

Software Format: Comma-separated values file (.csv) and Excel file (:xlsx), with UTF-8 encoding and meta-data provided fol-

lowing the Darwin Core standard.

1 | Introduction

Spatially accurate occurrence data are pivotal in ecology and
conservation, allowing us to explore the drivers of species distri-
bution, disentangle the factors structuring biotic communities,
assess the anthropogenic impacts on biodiversity and ultimately
define conservation targets (Rondinini et al. 2006; Ducatez,
Tingley, and Shine 2014; Naimi et al. 2014; Console et al. 2020).

Inthedigital era, data availability has steeply increased thanks to
international research networks developing publicly accessible
online repositories, such as the Global Biodiversity Information
Facility (GBIF) and the World Register of Marine Species
(WoRMS), which contain taxonomic and distributional infor-
mation for thousands of taxa across multiple ecosystem types.
Yet, data shortfalls related to taxonomy, distribution patterns,
phylogenetic relationships and other biodiversity facets persist in
most biological groups (Hortal et al. 2015). Furthermore, broad
digitised datasets often convey notable uncertainties in terms
of taxonomic identification of specimens, spatial uncertainty of
georeferenced records and data completeness with respect to the
overall distribution of the target species, particularly for citizen
science data (Soroye et al. 2022; Backstrom et al. 2024). Thus,
the construction and sharing of biodiversity datasets undergo-
ing thorough validation by expert taxonomists and ecologists
should be encouraged to provide reliable data for (macro)eco-
logical, biogeographical and conservation-oriented research
(Hampton et al. 2013; Hobern et al. 2019; Garcia-Girdén, Bini,
and Heino 2023; Santi et al. 2024). This is even more compelling
for ecosystems whose biodiversity is still poorly known owing
to access and sampling challenges, such as most subterranean
ones (Zagmajster et al. 2010; Ficetola, Canedoli, and Stoch 2019;
Mammola et al. 2021).

Terrestrial (e.g., caves, lava tubes and mines) and aquatic (e.g.,
lakes, rivers, pools and interstitial habitats) subterranean en-
vironments host a wide array of taxa specialised to a life in
darkness. Given the multiple challenges of accessing these
systems, distributional, functional and phylogenetic data for
subterranean organisms have only started accumulating in
recent decades (Zagmajster et al. 2014; Lunghi et al. 2018;
Borko et al. 2021; Mammola et al. 2022). This is especially
true for groundwater and groundwater-dependent ecosystems
(Marmonier et al. 2023; Sacco et al. 2024), which show a general
lack of publicly available and expert-curated datasets describing
their biodiversity.

To partially fill this knowledge gap, we present here a novel
dataset comprising occurrence records for all obligate

groundwater-dwelling species (i.e., those accomplishing their
life cycle exclusively in groundwater) of copepods (Crustacea:
Copepoda), hereafter termed ‘groundwater copepods’, currently
known from Europe, except for those exclusively occurring in
anchialine environments (i.e., enclosed water bodies with an un-
derground connection to the sea).

Copepods are crustaceans inhabiting all aquatic habitats on
Earth, from the deep sea to moist soil litter (Macédo et al. 2024).
In groundwater, copepods are among the most representa-
tive animal groups, in terms of both abundance and species
richness (Galassi, Huys, and Reid 2009), and show a high fre-
quency of narrow endemics, with high species turnover even
at regional-to-local scale (Galassi, Stoch, and Brancelj 2013;
Cerasoli et al. 2023; Galmarini et al. 2023). Additionally, sev-
eral groundwater copepods are remnants of ancient phyloge-
netic lineages which disappeared from surface waters after
colonising subterranean environments (Galassi, Huys, and
Reid 2009).

A partial version of the dataset we present was part of the
‘European groundwater crustacean dataset’ (EGCD), used
to analyse the patterns of range size and beta diversity of all
European groundwater crustaceans (Zagmajster et al. 2014).
That version, which is not publicly available, was also used to
highlight diversity hotspots for European groundwater harpac-
ticoid copepods and to delimit the corresponding conservation-
relevant areas (Iannella et al. 2020a, 2021). Over the last few
years, we put much effort into improving data quality to pro-
vide (macro)ecologists, conservationists and biogeographers
with an updated, reliable and openly accessible occurrence
dataset for groundwater copepods of Europe. Specifically, we
made necessary nomenclatural updates owing to taxonomic
revisions (e.g., Galassi et al. 2017, 2019; Iepure, Badalutd, and
Moldovan 2021), added records for additional species and re-
duced the spatial uncertainty of the georeferenced records
whenever possible.

2 | Methods

The dataset, named ‘EGCop’ (standing for ‘European
Groundwater-dwelling Copepods’), contains 6986 records of
groundwater copepods, spanning 36 European countries (also
considering the Russian Federation, Turkey and Georgia). The
spatial extents covered by the data are 28.398°W—43.939°E
and 28.133°N—79.135°N. The names of the variables included
in the dataset and the corresponding subjects are reported
in Table 1.
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TABLE1 | Variables, and corresponding subjects, included as columns in EGCop. For those variables included in the Darwin Core List of Terms,

the name of the relevant term is reported as variable's subject, along with a link to the Darwin Core webpage where the term is explained.

Variable name

Variable subject

1D

Order

Family

Subfamily

Genus

Subgenus
SpecificEpithet
InfraspecificEpithet
ScientificName
ScientificNameAuthorship
AcceptedNameUsage
NamePublishedInYear
Country

Locality
LocationRemarks
Habitat
DecimalLongitude
DecimalLatitude
GeodeticDatum

Easting_EPSG3035

Northing_ EPSG3035

Coord.Uncertainty

Coord.Validator

AssociatedReferences

Source

ResearchGroup

Numeric identifier of each record
“dwc:order” (http://rs.tdwg.org/dwc/terms/order)

“dwc:family” (http://rs.tdwg.org/dwc/terms/family)
“dwc:subfamily” (http://rs.tdwg.org/dwc/terms/subfamily)
“dwc:genus” (http://rs.tdwg.org/dwc/terms/genus)
“dwc:subgenus” (http://rs.tdwg.org/dwc/terms/subgenus)
“dwec:specificEpithet” (http://rs.tdwg.org/dwc/terms/specificEpithet)
“dwc:infraspecificEpithet” (http://rs.tdwg.org/dwc/terms/infraspecificEpithet)

“dwec:scientificName” (http://rs.tdwg.org/dwc/terms/scientificName)

“dwec:scientificNameAuthorship” (http://rs.tdwg.org/dwc/terms/scientificNameAuthorship)

“dwc:acceptedNameUsage” (http://rs.tdwg.org/dwc/terms/accepted NameUsage)
“dwc:namePublishedInYear” (http://rs.tdwg.org/dwc/terms/namePublishedInYear)
“dwc:country” (http://rs.tdwg.org/dwc/terms/country)
“dwec:locality” (http://rs.tdwg.org/dwc/terms/locality)
“dwc:locationRemarks” (http://rs.tdwg.org/dwc/terms/locationRemarks)
“dwc:habitat” (http://rs.tdwg.org/dwc/terms/habitat)
“dwc:decimalLongitude” (http://rs.tdwg.org/dwc/terms/decimalLongitude)
“dwc:decimalLatitude” (http://rs.tdwg.org/dwc/terms/decimalLatitude)
“dwc:geodeticDatum” (http://rs.tdwg.org/dwc/terms/geodeticDatum)

Easting coordinates in ETRS89-extended/LAEA Europe
(EPSG: 3035) projected coordinate system

Northing coordinates in ETRS89-extended/LAEA Europe
(EPSG: 3035) projected coordinate system

Spatial uncertainty in the provided coordinates (spanning from 0.1km to “Region”)

Person who performed the assessment of the spatial
uncertainty in the provided coordinates

“dwc:associatedReferences” (http://rs.tdwg.org/dwc/terms/associatedReferences)

Literature item, specimens’ collection, or research project
from which the single records were obtained

Researchers involved in the project during which the single records were collected

2.1 | Taxonomic Validation

We carried out taxonomic validation of all the records using spe-
cialised literature (Borutzky 1952; Dussart 1967, 1969; Boxshall
and Halsey 2004; Wells 2007) and online resources such as the
Virtual Copepod Library (https://www.marinespecies.org/copep
oda/aphia.php?p=sources), critically analysed in the light of the
deep expertise in copepod taxonomy and biogeography avail-
able in the research group (e.g., Galassi and De Laurentiis 2004;
Stoch 2006; Galassi, Huys, and Reid 2009; Galassi et al. 2017,
2019; Stoch and Galassi 2010). We updated generic alloca-
tions of species that have changed following recent taxonomic

revisions, in accordance with the International Code of Zoological
Nomenclature (ICZN 1999). To make the dataset as comprehen-
sive as possible, we retained also records of specimens identified
only at the genus level (e.g., Parastenocaris sp.), as well as those of
new species still lacking formal description (e.g., Nitocrella sp. J1).

2.2 | Spatial Validation

We further curated the dataset in R version 4.2.2 (R Core
Team 2022), using various packages devoted to data handling and
visualisation.
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http://rs.tdwg.org/dwc/terms/namePublishedInYear
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We validated the geographic coordinates (WGS84 datum, EPSG:
4326) of all the records as follows:

1. Browsing web resources (e.g., cave cadastres, technical
reports by public water operators and websites of local
authorities) to gather additional information for each sam-
pling locality (reported in the ‘Locality’ column), and later
retrieving the corresponding geographic coordinates using
Google Earth Pro software.

2. Georeferencing the sampling localities displayed in maps
reported within the consulted literature, using the QGIS
software (version 3.22.8).

We re-projected all coordinates to the ETRS89-extended/LAEA
Europe (EPSG: 3035) reference system, subsequently assigning
each record to one of the following categories of spatial uncer-
tainty: 0.1, 0.2, 0.5, 1, 2, 3, 5, 10, 20km; Comm.Centr (standing
for ‘commune centroid’); Catchment; Region. To assign a record
to an uncertainty category of x kilometres, a point location was
identified through the coordinates of that record. Then, we veri-
fied that the corresponding sampling locality (e.g., a karst spring,
a well, the portion of a river flowing across a certain commune)
was entirely encompassed by a circular buffer, around that point,
having a radius equal or lower than x kilometres. Worth to note,
the coordinates (and related uncertainties) of the specimens
sampled from caves refer to the cave entrance.

2.3 | Data Characterisation

We further analysed the curated dataset by assessing coverage
of the occurrence records by protected areas (PAs) and ground-
water habitat types, considering only the records with spatial
uncertainty <5km.

For PAs, we used spatial vector data of the following protection
networks: Natura 2000 (N2k) and Emerald Network (Em.Net),
relying on the datahub of the European Environment Agency
(EEA, https://www.eea.europa.eu/en/analysis); Nationally des-
ignated PAs (Nat.designated), extracted from the World Database
on Protected Areas (WDPA), updated to May 2024 (https://www.
protectedplanet.net/en/thematic-areas/wdpa?tab=WDPA).

For groundwater habitat types, we used the map by Cornu, Eme,
and Malard (2013), aggregating the corresponding features as
follows: all aquifers in unconsolidated sediments were labelled
as ‘Uncons.Sediments’, irrespective of their permeability; aqui-
fers in consolidated rocks with high permeability were labelled
as ‘Cons.Rocks_High.Perm’, while those in consolidated rocks
with medium-to-low permeability were labelled as ‘Cons.Rocks_
MedLow.Perm’; practically non-aquiferous rocks were termed
‘NonAgq.Rocks’, while freshwater bodies, lacustrine waters and
glaciers were aggregated as ‘Freshwaters & Glaciers’.

3 | Results

Most records corresponded to species of the orders Cyclopoida
(n=13664; 184 species/subspecies) and Harpacticoida (n=3288;
395 species/subspecies). Calanoida were represented by 32

records (7 species), while Gelyelloida were only represented
by unique records of the two known species (Gelyella droguei
Rouch & Lescher-Moutoué, 1977 from France, and Gelyella
monardi Moeschler & Rouch, 1988 from Switzerland).

Occurrences were spread across most of Europe for both
Cyclopoida and Harpacticoida. However, Harpacticoida were
reported in Fennoscandia more than Cyclopoida, while the lat-
ter were more represented than Harpacticoida in Great Britain
and Eastern Europe. Records of Calanoida were mostly concen-
trated in the Balkans, with a single record in France and another
one in the Crimean Peninsula (Figure 1).

We retrieved most records from literature published from the
late 1950s onwards, with a peak in the early 2000s (Figure 2a).

After the spatial validation, most records showed low uncer-
tainty in coordinates (Figure 2b): records having spatial uncer-
tainty <1km amounted to 4675 while less than 300 records still
showed high uncertainty (i.e., 20km, ‘Catchment’ or ‘Region’).

About 60% of the records (n=4200) fell within at least one of
the three categories of protected areas considered, primar-
ily the N2k network (Figure 2c). As for groundwater habitat
types, ‘Cons.Rocks_High.Perm’ was the most represented for
Cyclopoida, while aquifers in ‘Cons.Rocks_MedLow.Perm’
encompassed most of Harpacticoida records, followed by un-
consolidated sediments (Figure 2d). However, as the spatial un-
certainty of some records amounted to a few kilometres, these
shares are approximations.

4 | Discussion

EGCop includes about 7000 expert-curated occurrence records of
European groundwater copepods. Thanks to the performed spa-
tial validation, most records show low spatial uncertainty (i.e.,
<1km). This will facilitate spatially explicit (macro)ecological and
biogeographical analyses and may also favour future re-sampling
of specimens, allowing researchers to perform molecular analy-
ses and build phylogenies for measuring phylogenetic diversity, a
facet still poorly investigated for groundwater copepods.

The number of records in EGCop equals about one-third of the
crustacean occurrences (n=21,700) forming EGCD, the most
comprehensive dataset of European groundwater crustaceans
assembled so far (Zagmajster et al. 2014). Further, the addition
of new records and the performed taxonomic validation led to
588 species/subspecies comprised in EGCop compared to 547
species/subspecies of copepods represented in EGCD, out of a
total of 1570 species/subspecies of European groundwater crus-
taceans (Zagmajster et al. 2014). These shares highlight the nota-
ble contribution of copepods to the biodiversity of groundwater,
where they also represent a key node within the truncated sub-
terranean food webs (Gibert and Deharveng 2002; Galassi, Huys,
and Reid 2009) and provide fundamental ecosystem services
such as natural attenuation of microbial biofilms and removal of
contaminants (Griebler and Avramov 2015).

The gathered occurrences are more rarefied at higher lati-
tudes, especially in areas completely covered by ice sheets
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during the last glacial maximum (Figure 1), aligning with
previous evidence about the strong influence of Quaternary
climatic oscillations on the distribution of subterranean
species in Europe (Holdhaus 1932; Stoch and Galassi 2010;
Rizicka, Smilauer, and Mlejnek 2013; Mammola, Isaia, and
Arnedo 2015; Mammola, Schénhofer, and Isaia 2019; Iannella
et al. 2020a; Kniisel, Alther, and Altermatt 2024). Further, the

high proportion of records in areas characterised by consoli-
dated rocks with high permeability (26.4%) confirms the crit-
ical importance of karst regions for invertebrate groundwater
biodiversity (Iannella et al. 2020a, 2020b; Borko et al. 2021).
On the other hand, areas with a prevalence of unconsolidated
sediments showed a notable richness of groundwater cope-
pods as well, hosting 23.8% of the analysed records. However,
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GW =groundwater; PA =protected area.

biogeographic patterns emerging from our data, such as the
preponderance of harpacticoids in Fennoscandia, should be
considered with caution. Indeed, while being the largest data-
set about European groundwater copepods to date, we do not
pretend EGCop to be exhaustive.

Notably, more than 4000 records fall within surface-designated
protected areas (PAs), particularly those belonging to the
Natura 2000 (N2k) network. Considering that N2k was estab-
lished by the European Union's Habitats Directive in 1992 and

implemented by Member States some years later, and that several
records derive from research published in the early 2000s, one
may ask whether sampling efforts targeting European ground-
water fauna have been biased towards PAs. Answering this
question, however, would require a deeper assessment of recent
literature about groundwater fauna, analysing how sampling
campaigns have been spatially distributed across Europe in the
last three decades. Importantly, the presence of several records
within PAs should not automatically suggest that groundwater
fauna is exhaustively protected in Europe. Indeed, conservation
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measures adopted within surface-designated PAs do not usually
consider the three-dimensional nature of subterranean ecosys-
tems, thus not being necessarily effective in preserving the latter
along their vertical dimension (Mammola et al. 2024). In this
context, EGCop will be part of a broader effort—the ‘DarCo’
project—to collate high-quality data about European subterra-
nean fauna, map the main direct (e.g., pollution, groundwater
over-abstraction) and indirect (e.g., global warming, biologi-
cal invasions) threats to subterranean biodiversity (Vaccarelli
et al. 2023; Mammola et al. 2024), and propose evidence-based
conservation measures (Mammola, Meierhofer, et al. 2022).

By publicly sharing this dataset we hope to stimulate further re-
search on groundwater copepods, shedding light on their bioge-
ography and ecology as well as including them in conservation
efforts aiming to halt biodiversity loss.

4.1 | Code Availability Statement

The R code used to handle and analyse the presented data is
provided as Supporting Information.
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