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Abstract

Recent research on earthworms has shed light on their global distribution, with high alpha richness in temperate zones and high beta
diversity in tropical areas. Climate and agricultural practices, notably plowing and conservation methods, were shown to strongly
influence earthworm communities. However, data gaps persist in regions like North Australia, Asia, Russia, and Africa, limiting
our understanding of earthworm distribution and their responses to global changes. Understanding changes within earthworm
communities is crucial given their profound influence on ecosystem functions such as soil structure, nutrient dynamics, and plant
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growth. Classifying earthworms into functional groups remains complex, prompting the adoption of a trait-based approach for a
more comprehensive classification, but there is no representative global data on earthworm traits. To address these knowledge gaps,
the Soil BON Earthworm initiative aims at creating a global community of earthworm experts, standardizing sampling methods
and databases, collecting time series data on earthworm communities, and modeling future earthworm distributions under different
climate scenarios. The initiative aims to address key questions, such as the dynamic of earthworm communities over time and their
response to environmental factors and anthropogenic influences, their impact on ecosystem functioning, and the redefinition of
functional groups based on traits. The consortium invites researchers worldwide to contribute to this endeavor and encourages the
resampling of study sites, to expand currently limited time series datasets. To facilitate data collection, standardized protocols and
data templates are proposed, ensuring data quality and interoperability. Furthermore, the initiative intends to make use of citizen
science in expanding observations and improving taxonomic coverage, highlighting platforms like iNaturalist for community en-
gagement. Soil BON Earthworm seeks to unite global expertise and foster collaborative research to address critical gaps in under-

standing earthworm ecology and its implications for ecosystems at a global scale.

Keywords Community ecology | ecosystem functioning | functional traits | citizen science | temporal dynamics

1. Introduction

The last decades of research on earthworms (Oligochaeta,
Crassiclitellata) have led to important breakthroughs
in our understanding of their distribution and ecology
(Fonte et al. 2023, Lang et al. 2023, Phillips et al. 2022,
2019). Recent global efforts to synthesize earthworm
community data resulted in predictions of global
distribution patterns, which showed high alpha richness
(at the site level) in high latitudes (temperate zone),
and high between-sites compositional dissimilarity
(beta diversity) and regional species richness (gamma
diversity) in tropical areas (Phillips et al. 2019). At this
global scale, precipitation and temperature were the main
drivers of earthworm richness, abundance, and biomass,
suggesting potentially dramatic changes in community
structure with ongoing climate change (Lavelle et al.
2022, Singh et al. 2019).

In recent meta-analyses, the importance of agricultural
practices was also highlighted, showing an overall
negative influence of plowing and pesticide use, variable
influences of nitrogen fertilization, and a positive effect
of conservation agriculture on abundances and biomass,
especially of anecic and epigeic earthworms (Betancur-
Corredor et al. 2023, Briones & Schmidt 2017, Gunstone
et al. 2021). These results suggest that climate, land-use
change and management will be important determinants
of earthworm communities in the future (FAO 2020).
However, our understanding of these processes
remains limited by the data available to test ecological
hypotheses. The current largest database on earthworm
community data gathers data from 10,840 sites, with
184 species, from 60 countries, and all continents except
Antarctica. The data were obtained from 182 articles
published between 1973 and 2017, and 17 unpublished
datasets. However, large areas still lack data, such as

North Australia, Asia, Russia, and Africa, as often
observed in soil ecology research (Cameron et al. 2018,
Guerra et al. 2020), which limits our ability to predict
earthworm responses to future global changes. Besides,
there are limited time series data available (Phillips et al.
2022), further restricting our ability to predict dynamics
of earthworm communities.

Changes in earthworm community composition and
structure are also expected to have a profound impact on
ecosystem functioning. The importance of earthworms
for ecosystem functioning has long been acknowledged,
and extensive evidence shows that their activity promotes
soil structure, organic matter and nutrient dynamics, soil
microbial activity, plant growth, and crop yields (Blouin
et al. 2013, Fonte et al. 2023, Lang et al. 2023, Lubbers et
al. 2013, Shipitalo & Le Bayon 2004, van Groenigen et al.
2015, Vidal et al. 2023). The role of earthworms and of the
different species has been mainly studied through the lens
of ecological categories (anecic, endogeic, and epigeic
earthworms) as defined by Bouché (Bottinelli et al. 2020,
Bouché 1972), highlighting mixed and variable trends
among species of the same ecological earthworm group.
However, such ecological categories poorly represent
functional groups from only a limited geographical zone
(France) as they were initially proposed to define the
ecological optimum of species belonging to mostly the
Lumbricidae family (Bottinelli & Capowiez 2021) limiting
their applicability to the other 22 megadrile families
and/or to different biogeographical contexts. Applying
a trait-based approach, i.e. testing and quantifying the
relationships between morphological, physiological,
phenological, and behavioral features at the species level
(Pey etal. 2014b) and soil functions, would provide a more
adequate and comprehensive classification of earthworms
(and other soil taxa) into functional groups (Capowiez
et al. 2024, Hedde et al. 2022) and would facilitate their
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integration into biogeochemical models (Fry et al. 2019).
Recent work successfully linked morpho-anatomical traits
of 23 Vietnamese earthworm species to water infiltration
rates (Pham Van et al. 2023), and the use of bioturbation
behavior of 50 French species/subspecies allowed their
grouping into six new functional groups, only partially
overlapping with traditional ecological categories
(Capowiez et al. 2024). These results show that although
earthworms are one of the most frequently studied groups
of soil organisms, our knowledge can still largely improve.

However, improving our knowledge of the spatio-
temporal structuring of earthworm communities, their
impact on ecosystem functioning, and their response to
different climatic and land-use/management scenarios,
will require the construction of new, comprehensive
datasets. To achieve this objective, we now need to
harmonize and standardize our sampling, meta-data
variable acquisition, and data analysis strategies. Here,
we present a new data mobilization effort to address
the goals and gaps described above by motivating the
structuring of a global earthworm research community
(Phillips et al. 2022). This initiative draws heavily on
similar ones dedicated to soil food webs, soil biodiversity
and functions, nematodes and springtails (Eisenhauer et
al. 2023, Geisen et al. 2019, Guerra et al. 2021b, Mathieu
et al. 2022, Potapov et al. 2022, Tsiafouli et al. 2022).

In this paper, we describe the Soil BON Earthworm
initiative, an extensionofthe Soil Biodiversity Observation
Network (Soil BON, https:/www.globalsoilbiodiversity.
org/soilbon), and its main objectives:

1. Building a community of research experts in

earthworm ecology and taxonomy

2. Standardize sampling methods and trait
measurements in the field and laboratory

3. Standardize community and trait data templates
to facilitate data integration

4. Encourage re-sampling of study sites to provide
larger time-series datasets and explore temporal
trends of earthworm communities

5. Model future earthworm distribution under
different climatic scenarios

6. Improve society‘s access to knowledge on
earthworms and tools to contribute to research
efforts

Soil BON Earthworm will work at improving our
knowledge and tackle the following questions:

1. a. How have earthworm communities changed
over the last decades, in terms of taxonomic,
functional, and phylogenetic diversity?

b. What is the relative importance of stochasticity,
environment (climate, soil, vegetation, and land
use) and biotic interaction (competition) in these
changes?

c. At which scales do global changes in
contemporary earthworm communities occur,
from local scale (alpha), to various nested beta
diversity measures, up to global scale?

2. a. How will earthworm communities respond to
future climate scenarios?

b. Are there areas of specific concern where
earthworm communities will strongly decline?
c. How may changes in earthworm community
composition alter ecosystem functioning?

3. a. Which earthworm traits can be used to position
all known earthworm species in the ecological
categories’ triangle?

b. Can we redefine functional groups based on a
trait-based approach?

¢. Which traits can best explain earthworm
species effects on ecosystem functions?

2. Soil BON Earthworm community

Soil BON Earthworm builds on a previous global
synthesis effort on the global distribution of earthworms
(Phillips et al. 2019) which gathered around 150 experts
from all continents. Currently, most of the researchers
are located in the northern hemisphere (especially
Europe) and the goal is to now widen this consortium
by increasing the number of participants and their
geographic representation. This will allow for a better
spatial, temporal, taxonomic, and habitat coverage as
well as foster synergies between scientists to develop
international projects, applying for funding, and ensuring
the use of standardized methods and data sharing. New
members can register using this link (https:/docs.
google.com/forms/d/e/1IFAIpQLSfv6Vy0ZdVZEwfY vt
XTtn4vsCEIBDTWPplzaShY Y XVEOx04g/viewform?
usp=sf link) and will be asked to provide their name,
institution, location, and email address to be added to
the emailing list. New members must be able to provide
data on earthworm trait or distribution, be willing to
participate in funding calls and collaborative sampling or
experiments, as well as share knowledge.

3. Standardizing earthworm
communities’ assessments

3.1 A common sampling protocol

The Soil BON Earthworm protocol is adjusted from the
Soil BON (Guerra et al. 2021b, 2021a), Soil BON Foodweb
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(Potapov et al. 2022), and TSBF (Anderson et al. 1993)
protocols to ensure compatibility and interoperability,
while ensuring a representative sampling of earthworm
communities. To develop the protocol, two online
webinars were conducted on December 5th and 6th 2022,
gathering 60 earthworm experts that had to collectively
decide the mandatory and optional steps detailed in
supplementary information. Briefly, a site is defined as a
30 x 30 m area with homogeneous vegetation, soil type
and land use, and earthworms are sampled in 5 points
forming a north-south oriented cross (Fig. 1). Each point
is a 25 x 25 cm block, sampled in three layers: litter,
0-10 cm, and 10-20 cm. The litter is defined here as in
Soil BON Foodweb and comprises the layer of entire and
fragmented leaves, ~100% organic material (Potapov
et al. 2022, Zanella et al. 2018). Earthworms must be
cleaned from soil on their skin before being fixed in
70% ethanol, or 99 % ethanol if barcoding is planned.
Optional steps comprise pouring mustard solution
into the soil pit to extract deep-burrowing earthworms
in ecosystems where this method is suitable (mostly
temperate grassland, forests, and croplands), sampling
of microhabitats (rotten logs, under rocks, near water
bodies like streams, ponds, lakes or marshes, rapid and
deep digging around a midden), or sampling of other
macrofauna at the same time, in a separate vial.

Further, identification is done according to local
taxonomic keys, and taxonomic names must be checked
against the recent global earthworm species checklist
(Misirlioglu et al. 2023) and the associated database
(Brown et al. 2024). To facilitate the curation and data
integration of taxonomic names, a community data
template has been developed by Soil BON Earthworm
and is detailed in a latter section of this article.

3.2 Community data template
The development and use of a standardized data

template following the FAIR principles (Wilkinson
et al. 2016) and DarwinCore standards (Darwin Core

Maintenance Group 2023) is essential to ensure data
quality, maintenance and integrity, and to facilitate
data reuse and aggregation for syntheses. The Soil
BON Earthworm consortium created proposes a data
template to report the data, so that it can be collated in a
straightforward way. The template is an updated version
of the one developed for the EUdaphobase COST Action
initiative ‘European Atlas of Soil Fauna’ (Tsiafouli et al.
2022).

It is composed of different spreadsheets:

1. ‘Readme’: this tab contains all column names
from the next tab and provides the necessary
information to complete the file.

2. ‘Template to fill with data’: this tab is composed of
several columns where the data provider can enter
the information on dataset, site, methodology
and taxa sampled. This tab is to be filled with
density data, and another file should be produced
for biomass data at the finest resolution possible
(species-level).

3. ‘Drop down list” this tab is non-modifiable and
contains the different lists from which values
are taken for certain metadata variables, such as
soil type following the WRB FAO classification
(IUSS Working Group WRB 2015).

The data template is deposited on Zenodo (https://
zenodo.org/records/10284283), where new versions will
be uploaded as regularly as necessary. All new data
contributions will pass through a quality control by the
Soil BON Earthworm coordination team, before being
collated and made available on the database repository.
In the future, new data produced will be deposited by
Edaphobase www.portal.edaphobase.org (Burkhardt et
al. 2014), to ensure data visibility and access through the
GBIF initiative (Edwards et al. 2000).

3.3 Taxonomic backbone

The number of extant earthworm species is estimated
between 10,400 and 11,200, of which approximately
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Figure 1. Summary of essential steps of the earthworm sampling protocol.
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6,000 have been described worldwide (Decaéns 2010,
Decaéns et al. 2006, Orgiazzi et al. 2016). Several
initiatives have gathered, cleaned, and updated the
global earthworm species list, including: the ‘Earthworm
species. A searchable database’ (http://earthworm.uw.hu,
Csuzdi 2012), DriloBase (http:/taxo.drilobase.org),
the Integrated Taxonomic Information System (https://
www.itis.gov), and Nomenclatura Oligochaetologica
(Reynolds & Wetzel 2022). Building on these initiatives,
a recent global checklist of 5,453 valid earthworm
species names has been curated and validated by an
international consortium (Misirlioglu et al. 2023, Brown
et al 2024). The species list is accessible on Zenodo
(https://doi.org/10.5281/zenodo.7301847) and should be
used to harmonize taxa names in the community data
template. However, the largest database of earthworm
community distribution (Phillips et al. 2021) currently
includes data on less than 4% of the already described
species. Taxonomy resolution is hampered by the scarcity
of earthworm taxonomic expertise, and particularly
in tropical regions where classical morpho-anatomical
features used for identification are often insufficient,
thus requiring the additional use of DNA sequencing
information (Decaéns et al. 2016, Marchan et al. 2022).
This taxonomic backbone will serve as a reference to
list species for which data is especially needed. Future
taxonomic updates will also be quickly shared with the
community by working closely with taxonomy experts.

The use of a standardized sampling method,
community data and meta-data templates, and species
names checklist will greatly improve dataset aggregation
and hence promote collaborative efforts, data re-use, and
research syntheses at different scales. Those resources
will be updated depending on user feedbacks and
future evolution of earthworm taxonomy, stressing
the importance of regular communication among the
consortium.

4. Collecting and using trait data

4.1 Updated thesaurus

Functional traits are defined as ‘any morphological,
physiological, phenological or behavioral (MPPB)
feature measurable at the individual level, from the cell
to the whole-organism level, without reference to any
other level of organization’ (Pey et al. 2014b, Violle et
al. 2007). Functional traits can be classified into non-
exclusive categories of (i) performance traits linked to the
organism’s fitness, (ii) response traits that are sensitive to
an environmental abiotic gradient, and (iii) effect traits

linked to the organism’s effects on ecosystem processes.
For soil invertebrates and notably for earthworms, the
first trait thesaurus (T-SITA, https://opentheso.huma-
num.fr/opentheso/?idt=th558; Pey et al. 2014a) defined
several traits of interest and is associated with an open
database (Joimel et al. 2021) following standards for
ecological trait definition and data management (Keller
et al. 2023, Schneider et al. 2019), constituting a major
resource for West-European earthworm species.

To foster applications of the trait-based approach for
earthworms at the global scale, there is a need to improve
the thesaurus, define new traits, and harmonize data
entry into a common database. Additionally, certain trait
modalities and measurements must still be defined and
standardized, and links to functions tested. International
efforts such as the COST Action EUdaphobase (www.
eudaphobase.eu) initiated the harmonization work of
the existing community and trait databases and is a
strong basis for future global collaboration. In this
context, with earthworm taxonomists and trait experts,
we initiated an updated list of (mostly effect) traits with
a clear definition, currently available only as a excel
data file tab (see below). The list encompasses morpho-
anatomical traits (size, weight, internal digestive
organ shape and size, epithelium and muscle type and
thickness), physiological (metabolic, consumption and
casting rates, mucus production), as well as extended
phenotypic traits such as burrow system characteristics,
which could be considered as behavioral traits (burrow
length, diameter, continuity), and cast properties
compared to bulk soil, particularly pH, C, selected
nutrient (specify here which ones), and organic matter
contents.

4.2 Trait database

Building on this updated thesaurus, trait data was
gathered from descriptions of European species,
gathering ~10.000 trait values on 358 species from
8 families. Morphological traits are the most documented
with at least one value of body length, diameter, color,
and volume for 97 %, 85 %, 82 %, and 76 % of the species
respectively. Information on anatomy is less complete,
with data on typhlosole type, gizzard extension, and
musculature type for 68 %, 62 %, and 57 % of the species,
respectively. Surprisingly, pigmentation is also poorly
covered with data on only 37 % of the species. A global
effort of gathering species descriptions, as performed
by Reynolds & Wetzel (2022) or Drilobase (REF here
please), and encoding them in a structured format would
be extremely valuable to increase the taxonomic and
trait coverage of a trait database.
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4.3 Trait data template

A template was developed like that of the community data,
building largely on the one created by the BETSI database
for Biological and Ecological Traits of Soil Invertebrates
(Joimel et al. 2021) and following recommendation of
trait-data standards (Keller et al. 2023, Schneider et al.
2019). The template includes data at the individual level,
and is composed of several excel file tabs:

1. ‘Readme’: this tab contains all column names
from the tab ‘template to fill with data’ and
provide the necessary information to properly
complete the file.

2. ‘Template to fill with data’: this tab is a long-
format table in which each line is a trait value
from a specific reference, allowing multiple trait
values of the same trait for the same species to
account for intraspecific trait variability due
to inter-population variability, geography or
ontogeny (Bonfanti et al. 2018, Violle et al. 2012).

3. ‘Trait definition’: this tab is non-modifiable and
contains the different traits with their definition,
modalities, and units.

The trait data template is available on Zenodo (https://
zenodo.org/records/10302872) where new versions will
be uploaded as regularly as necessary. All new data
contributions will pass through a quality control by the
Soil BON Earthworm coordination team, before being
collated and made available on the database repository,
i.e., the BETSI database (https:/portail.betsi.cnrs.fr).
One can contribute by extracting morpho-anatomical
trait information from species descriptions (especially for
non-European species) or physiological and behavioral
traits from experimental studies. A future version of
the template will include a sheet for metadata about
the experiment or the environment of the individual
specimens on which traits were measured, to account
for environmental effects on trait expression and intra-
specific variability. To ensure standard measurements
of traits, we recommend using the handbook written by
Morettietal. (2017), thatincludes details on morphological
and physiological traits in the supplementary materials.
Protocols for cast trait measurements can be found in
Coq et al. (2022), Joly et al. (2020) and Le Mer et al.
(2022). Measurements for behavioral traits, e.g. burrows
characteristics, are described in Capowiez et al. (2024).

4.4 Trait-based analyses and
classification

Depending on the growth of the trait database, several
analyses can be considered, similar to those performed

using plant trait ecology which started with Grime’s
CSR strategy grouping of European herb species (Grime
1974), progressed with the trait-based assignment of CSR
categories to plants across biomes worldwide (Pierce et
al. 2017), and the definition of a Leaf and Root Economic
Spectrum (Roumet et al. 2016, Wright et al. 2004). Trait
information available from species’ descriptions can be
used to assign earthworm species a percentage of affinity
to the three main ecological categories, following the
explicit procedure described by Bottinelli et al. (2020),
which has not yet been applied globally. To do so,
information is needed on 13 traits as listed in Bottinelli
et al. (2020): length, diameter, weight, pigmentation,
skin coloration, antero-posterior and dorso-ventral
pigmentation gradient, flattening index (of body?),
epithelium rigidity, muscle structure, longitudinal furrow
on segments, transversal furrow, typhlosole type. Among
these, three are most relevant for ecological category
assignment: body length and width, pigmentation, and
color. A first goal of the SoilBON Earthworm initiative
is to gather trait values for the 3 (or 13) more simple
traits for all known species/subspecies from taxonomic
descriptions and develop an equation to assign as many
described species as possible to ecological categories
based on their traits. For species with more complete trait
descriptions, other classifications can be explored and
compared to ecological categories (Capowiez et al. 2024,
Hedde et al. 2022), and trait-functions relationships can
be tested (Pham Van et al. 2023).

5. Exploring temporal trends of
earthworm communities

5.1 Time-series analysis

Recent interest in temporal trends in biodiversity
has led to several important discoveries, such as the
decline of terrestrial insect abundance and richness
(Hallmann et al. 2017, Seibold et al. 2019, van Klink
et al. 2020). Such declines may have major impacts on
ecosystem functioning that are worth further attention
(Eisenhauer et al. 2023). However, some studies have
detected no temporal trends or positive ones on various
invertebrate taxa (Basset et al. 2023, Greenop et al. 2021,
van Klink et al. 2020), and shown the importance of
spatial scale, number of sampling sites, and distinction
of local, regional, and global changes (Blowes et al.
2019, Dornelas et al. 2014, Valdez et al. 2023). Observed
changes in invertebrate populations were attributed to
agricultural practices and climate change (Miiller et al.
2023, Outhwaite et al. 2022), which are also known to
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be strong drivers of earthworm communities. Hence, we
expect changes in earthworm communities that are yet to
be quantified.

To date, available data is still too scarce to explore
any change in community at a large spatial scale,
as it covers only a limited time span in only a subset
of bioclimatic zones (Phillips et al. 2022). One goal
of Soil BON Earthworm is therefore to encourage
the resampling of sites worldwide to increase the
spatio-temporal coverage of a global time series
dataset. Members of the consortium already agreed
to resample 55 studies, increasing temporal coverage
of the available data, switching the average timespan
covered from 3.6 to 13.4 years and the average number
of sampling events from 2.4 to 3.4 (Fig. 2). Forests
and croplands represent 39 % and 25 % of the covered
ecosystems, respectively, dominating over gardens
(7 %), grasslands (6 %), pastures (5 %), meadows (4 %),
and others (14%) (Fig. 3). However, those studies
mostly cover Europe, leading to an over-representation
of temperate and boreal climates. Therefore, with this
call paper we invite researchers from under-represented
areas to contribute to this data collection. Any
motivated researcher can propose resampling a study
site previously sampled in their region before 2020 by
filling the Soil BON Earthworm form (https://docs.
google.com/forms/d/e/1FAIpQLSfv6Vy0ZdVZEwfY vt
XTtn4vsCEIBDTWPplzaShY Y XVEOx04g/viewform?
usp=sf link), and engaging to voluntarily perform
the re-sampling and identification following original
methods from the study. New data will be accepted
until June 2025 and all contributors whose data will
meet standards of the quality control will be invited
as co-authors of the outcoming publications. We also
invite participants to consider the establishment of
longer-term monitoring of the sites and to explore the
feasibility of planning regular resampling in the future.

5.2. Projection under different
future scenarios

The planned time-series data collection (see previous
section) will improve our knowledge on earthworm
taxonomic and functional response to multiple drivers,
across various spatial and temporal scales. For example,
extreme climate events like droughts were previously
shown to have detrimental effects on earthworm
communities (Singh et al. 2019). This knowledge
will open the path to predict earthworm responses to
future global changes under different scenarios that
account for change in environmental drivers, also due
to anthropogenic impacts (Pereira et al. 2010). Using a

space for time substitution approach (De Palma et al.
2018), species-distribution (Zeiss et al. 2023) and agent-
based modeling, we will explore different scenarios of
land-use and climate change (e.g. RCPs, SSPs, Hurtt
et al. 2011, Riahi et al. 2017), and associated future
patterns of earthworm taxonomic and functional
diversity, abundance, and biomass. This will allow for
the identification of population dynamics and current
range sizes, which can inform conservationists and
land managers about potentially threatened earthworm
species and habitats. For example, species that show
limited ranges (e.g. endemics) or have sensitive
dynamics are expected to be more prone to extinction
(Urban 2015) and therefore require extensive local
sampling and frequent monitoring to track changes in
population status. Predictions of earthworm patterns
will also enable detecting future areas of major
changes in earthworm diversity and in earthworm-
driven ecosystem services that may require a specific
scientific and management effort. Measures of change
in earthworm diversity need to consider invasiveness
of species, as exotic species tend to contribute to alpha
but not beta diversity. Because data availability is low
in Eastern Europe and Asia (Cameron et al. 2018), we
do not know when species were introduced and how
invasions will advance. Loss of native species can lead
to unforeseen changes in ecosystem services that are
not visible from earthworm richness measures alone.
Research and conservation efforts therefore require
targeted approaches appropriate for the focal ecosystem
and species.

6. Integration of citizen science

According to the European Citizen Science (CS)
Association, ‘Citizen science projects actively involve
citizens in scientific endeavour that generates new
knowledge or understanding. Citizens may act as
contributors, collaborators, or as project leaders and have
ameaningful role in the project’ (Gold 2022). The number
of citizen science projects is increasing exponentially
since the last two decades (Pocock et al. 2017), and they
have greatly contributed to our scientific understanding
of biodiversity patterns (Chandler et al. 2017, Pereira
& Cooper 2006). As in academic ecological research,
the vast majority of citizen science-based biodiversity
monitoring is focused on aboveground diversity and non-
invertebrate, non-soil-related taxa (Donaldson et al. 2017,
Theobald et al. 2015). Earthworms are among the most
represented soil taxa in citizen science-based programs
with great examples of earthworm monitoring by
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farmers in north-west France (OPVT, https://ecobiosoil.
univ-rennesl.ft/OPVT accueil.php) or in Great Britain
(60minworms, Stroud 2019, Stroud et al. 2022). Spatial
and taxonomic coverage is however still very limited.
On iNaturalist (inaturalist.org), one of the most popular
citizen science-based biodiversity monitoring platforms
with over 166 million multi-taxa observations worldwide
in 2023, we found 102,600 observations of terrestrial
Oligochaetes (assessed on 6th of December 2023;
Fig. 3) among which only 5,817 (approximately 6 %), are
at a research grade level, i.e., with a coordinate, date,
and identification at the species or genus level supported
by at least ? of the community. Taxonomic coverage is
limited to 102 of the 5,406 described species, 99 % of
the observations being only assigned to the subclass
Oligochaeta. Additionally, species identification quality
needs to be improved. For instance, most of Lumbricus
terrestris observations are falsely identified because
the low number of pictures with correct identification
in the iNaturalist database led to a poorly trained Al-
based image identification software. Hence, there is high
potential for improving the quality of observations and
taxonomic assignment by encouraging soil taxonomists
to join the iNaturalist project ‘curated collection of
earthworm ID’ dedicated to earthworm taxonomy,
[https:/www.inaturalist.org/projects/curated-collection-
of-earthworms-id (Mathieu et al. 2023)]. This project is
gathering verified pictures of earthworm species around

the world to build a reference image gallery of species
that can be used for identification. Soil BON Earthworm
will promote projects, protocols, and tools that will
foster citizen science and improve society awareness on
earthworm ecology and threats.

7. Conclusion

By fostering international collaboration, integrating
new data through standardized sampling protocols and
data templates, Soil BON Earthworm paves the way for
a deeper comprehension of earthworm diversity status
and changes, and their critical role in ecosystems. By
mobilizing experts, broadening geographical studies,
and encouraging citizen participation, this initiative
strives to bridge current gaps to better predict earthworm
responses to future climate changes and to manage their
habitats more effectively for conservation purposes. This
initiative draws inspiration from similar efforts on other
soil taxa that are rapidly developing (Eisenhauer et al.
2023) and directs its effort to one of the most emblematic
and famous soil taxa. The study of earthworms may
serve as a common ground, bringing together scientists,
citizens, and practitioners in a joint effort toward a more
sustainable world, showcasing how collective engagement
can positively impact both our environment and society.

Latitude
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Figure 3. Global distribution of Oligochaeta observations on iNaturalist (assessed on the 16th of November 2023) and longitudinal and

latitudinal distribution.
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