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Abstract. A main goal of ecological and evolutionary biology is understanding and predicting
interactions between populations and both abiotic and biotic environments, the spatial and temporal
variation of these interactions, and the effects on population dynamics and performance. Trait-based
approaches can help to model these interactions and generate a comprehensive understanding of
ecosystem functioning. A central tool is the collation of databases that include species trait
information. Such centralized databases have been set up for a number of organismal groups but is
lacking for one of the most important groups of predators in terrestrial ecosystems — spiders. Here we
promote the collation of an open spider traits database, integrated into the global Open Traits
Network. We explore the current collation of spider data and cover the logistics of setting up a global
database, including which traits to include, the source of data, how to input data, database
governance, geographic cover, accessibility, quality control and how to make the database sustainable
long-term. Finally, we explore the scope of research questions that could be investigated using a global

spider traits database.

Keywords: phenotypic traits, functional diversity, functional ecology, ecosystem functioning,

evolutionary ecology, comparative analysis

We are living in an age of large-scale assembly of digital information. The generation of large
databases across scientific disciplines is now enabling the modeling of natural processes on an
unprecedented scale. The development of the world wide web over the last three decades has aided
the centralization of collated data and has enabled the storing and sharing of large amounts of data.
Biology has truly arrived in the information age with the large-scale digitization of information and its
central storage in online databases (e.g. GenBank, BOLD, Dryad). These databases have become the

core of many recent research advances.



In ecology and evolutionary biology, the accessibility of large-scale genetic information reaches its
true potential when linked with phenotypic and faunistic data. For instance, comparative studies of
organismal traits among species or across space, time or habitat types, can reveal general patterns
that help to predict changes in biodiversity and ecosystem functioning in a rapidly changing world
(Krause et al. 2014; Madin et al. 2016b; Wright et al. 2017; Dudley et al. 2019; Mammola et al. 2019).
However, the development of open databases for phenotypic data is lagging far behind. This not only
limits progress in the life sciences, but also leads to inefficient duplication and impairs reproducibility
of research. Major reasons for the slow and reluctant establishment of trait databases are the
perceived difficulty to unify data and to standardize reporting methods. In contrast, for molecular data
these challenges have been overcome, facilitating the rapid growth of molecular databases.
Furthermore, the inclusion of new molecular data into such central databases is highly promoted. For
example, final acceptance of a publication in many scientific journals is contingent on the submission
of genetic data to a genetic database (e.g. GenBank).

Compared to genetic data, trait data are much harder to standardize across taxonomic groups due to
different terminologies and methods used for their measurement and recording. Therefore, existing
trait database projects are taxon-specific and often constrained to specific traits or geographic regions
(e.g. (Kattge et al. 2011; Homburg et al. 2014; Brun et al. 2016; Madin et al. 2016a; Oliveira et al. 2017,
Parr et al. 2017)). There are good reasons to continue with the assembly of taxon-specific trait
databases as this approach offers the flexibility required to tailor the database to the need of the focus
field (e.g. entomology, herpetology, botany, microbiology). The data deposited in different taxon-
specific databases could be synthetized into a central node by the identification of common or
equivalent traits that can be easily translated into cross-taxon standards (Gallagher et al. 2020).
Examples of such traits already in use in cross-taxon studies are body size, trophic niche, habitat
preferences, and metabolic rates.

Hence, the building of taxon-specific trait databases can bring enormous benefits both for the specific

field compiling the data (e.g. arachnology) as well as for cross-taxon analyses. Here, we propose to set



up a community-based spider trait database (Arachnida: Araneae) and invite submissions of data from
the arachnological community.

Spiders are a mega-diverse order of animals, with about 48,400 species currently identified (World
Spider Catalog 2020), and one of the most dominant groups of invertebrate predators in terrestrial
ecosystems (Turnbull 1973). They thus play a key role in ecosystem function worldwide, such as
increasing crop performance by suppressing pest density (Michalko et al. 2019a). Spiders are premier
subjects to study fundamental biological mechanisms, such as sexual selection (Herberstein et al.
2013), the evolution of sociality (Lubin & Bilde 2007) and extended phenotypes (Blackledge et al.
2009), predator-prey interactions (Pekar & Toft 2015), community assembly (Birkhofer et al. 2017),
and migration (Gillespie et al. 2012). They are also in the focus of the applied sciences, such as agro-
ecology (pest control) (Uetz et al. 1999; Birkhofer et al. 2016; Michalko et al. 2019b), material science

(spider silk) (Wolff et al. 2017) and medical science (venom) (King & Hardy 2013).

GENERAL DATABASE BENEFITS
Trait databases are particularly useful for comparative studies and studies on biodiversity and the
function of ecological communities. Traditionally, such research relied on the primary collation of
comparative data by laborious measurements in a large number of species and specimens or time-
consuming gathering from print-literature. The widespread lack of primary or even derived data has
not only contributed to the reproducibility crisis of science (Allison et al. 2018) but also led to an
unnecessary redundancy in data acquisition, wasting time and money. Only recently has it become a
common good scientific practice to make the raw data that underlie a study available to the scientific
community. While this enhances transparency, it does not necessarily solve the problem of work
redundancy as such datasets are largely hidden in appendices, electronic supplemental material or on
file servers instead of a central repository. The building of a commonly accepted trait database is a

solution.



Having open access to a database of relevant trait data not only boosts comparative and ecological
studies, but also allows researchers to undertake quick exploratory analyses to generate preliminary
data that may be useful for project planning and funding justification in grant applications. Well
populated databases also make it possible to detect knowledge gaps or geographical biases, which
can be used to identify future areas of research.

Trait databases thus fill an important gap in the digitization and accessibility of biological knowledge
and can become a powerful tool when linked with existing taxonomic (World Spider Catalog 2020),
semantic (Spider Anatomy Ontology—SPD (Ramirez & Michalik 2019)), molecular (BOLD
(Ratnasingham & Hebert 2007), Genbank (Benson et al. 2012), ArachnoServer (Pineda et al. 2018))
and faunistic (e.g. Atlas of the European Arachnids; Atlas of Living Australia; Araneae Spiders of Europe
(Nentwig et al. 2020); Global Biodiversity Information Facility—GBIF) resources (See Table. 1 for
current databases that include spider traits). Finally, a trait database can also serve as a central data

repository to fulfil the requirements of data accessibility.

BENEFITS OF A SPIDER TRAITS DATABASE

Setting up a global trait database for spiders will elevate arachnology to the next level of biodiversity
digitization: having open and better access to data will bring arachnology together and create stronger
collaborative networks able to address a wide range of questions (as explored below). It will make
global or large-scale studies possible within a fraction of the time and improve the statistical power of
many analyses. A centralized database will also help to identify species’ vulnerability and guide
conservation decisions (Gongalves-Souza et al. 2015). It can also help inform taxonomic decisions since
the database acts as a source of information about variability (e.g. geographic and morphological).

Beyond arachnology, a spider trait database will facilitate the inclusion of spiders in global multi-taxa
studies and biomonitoring programs. The topical research area of biodiversity-ecosystem functioning
relationships often utilizes metrics of functional diversity that are based on traits in cross taxon

studies. The collation of global data will provide better information for outreach purposes. For



example, the database could provide information about local diversity of spiders, size comparisons or
peculiar species that are accessible to local residents. A comprehensive understanding of the
functional and ecological diversity of spiders, if adequately published for the general audience, can
help to improve the public perception of spiders.

As existing trait database projects are largely family-focused and no such database yet exists for any
arthropod order, the arachnological community could lead a frontier project for higher-level animal
trait databasing. We think that arachnologists are in an excellent position to swiftly establish a spider
trait database due to its outstanding achievement of digitization of all taxonomical literature (Nentwig
et al. 2015) and the existence of a digital taxonomic standard, the World Spider Catalog (WSC) (2020),
which makes possible the large-scale extraction of basic traits, such as area of distribution or body size
(e.g. through text mining approaches), and their automatically updated taxonomic assignment

(through a unique LSID identifier).

LOGISTICS OF A TRAIT DATABASE
Some of the logistics of setting up a trait database require consensus on: trait definitions, the source
of data, how to input data, database governance, geographic cover, accessibility, quality control,
financial needs, and how to achieve the database’s long term sustainability. Below we propose

principles that, in our view, will make a useful framework for a spider trait database.

(1) Definition of traits. - One of the fundamental problems with collating traits in particular is the
confusion and debate around the term “traits”, and in particular “functional traits” (Violle et al. 2007;
Pey et al. 2014; Moretti et al. 2017; Brousseau et al. 2018; Wong et al. 2019). At their most basic form,
all observable and quantifiable characters are traits. While some traits directly imply an ecological
function (e.g. ‘habitat preference’ (Rusch et al. 2015)), for basic phenotypic data, such as body shape,
the link to function is often not experimentally established and remains hypothetical. Furthermore, to

be useful for a wide range of topics beyond functional ecology, a database should be flexible enough



to accommodate a diversity of data types. For a spider trait database, we propose that the term ‘trait’
should thus be applied in a broad sense and include all observable and quantifiable characters on the
level of individuals, populations or species, irrespective of our current assumptions on their functional
role.

For a highly versatile database, we propose the inclusion of the following trait categories: (a) Ecological
(e.g. (micro-)habitat preference, hunting mode), (b) Behavioral (e.g. stratum utilization, maternal
care), (c) Morphological (e.g. body length, leg length), (d) Physiological (e.g. reproductive rate, resting
metabolic rate, thermal limits) and (e) Biomechanical (e.g. running speed, silk strength). In the future

the database may also be expanded to include more categories.

(2) Data types. - Another challenge is that the nature of traits can be diverse: traits can be quantified
and described using data that are descriptive (e.g. Latin name of a prey item), categorical (e.g. web-
builder, active hunter), ordinal (e.g., small, medium, large), interval (e.g. 1-3, 4-6), ratio (e.g. 10:100;
20:100), discrete (e.g. 1,2,3) or continuous (e.g. 1, 3.5, 7.2). There are many examples where
qualitative information is sufficient in order to capture the traits, but problems arise when researchers
apply different terminologies, definitions and categorizations for observations or characteristics.
While common standards must be identified for each trait to ensure comparability (e.g. fixing units
for numerical traits), the versatility of trait input can be maintained by a liberal trait definition with
the accurate method (e.g. recording scheme) defined in the meta data, which permits the filtering for
comparable data at the analysis stage (Jones et al. 2006). Another solution is to handle differently
recorded trait data under separately defined traits.

The use of non-equivalent data types for some traits presents further difficulties. For instance,
different authors report phenology, habitat preferences or prey type as binary or in frequencies.
Furthermore, the state of some categorical traits might be ambiguous or context dependent. For
instance, in many orb-web spiders (Araneidae), the adult males abandon webs, while some long-jawed

orb-web spiders (Tetragnathidae) can be both web-building or free hunting. This problem can be



solved by recording any categorical trait as binary with the option to provide a frequency for each
character state and a record of the sample size. Some traits are covarying, e.g. body length and leg
length. This can be accounted for by linking trait records that are derived from the same object (i.e.

specimen, individual or population).

(3) Intraspecific variation. - The impact of intraspecific variation on comparative approaches has been
widely demonstrated (Garamszegi & Mgller 2010) and has also been recognized in community ecology
(Bolnick et al. 2011). Some spider species, such as Argiope bruennichi (Scopoli, 1772) (Araneidae) have
a wide distribution range and show an enormous variation in phenology, morphology and behavior
depending on the geographical location (Krehenwinkel & Tautz 2013; Wolz et al. 2020). In such
instances, a single trait record may not be representative for a species. The trait database can provide
the opportunity to accommodate multiple records per species and attach relevant information about

the record context (such as locality, date and developmental stage) in the metadata.

(4) Taxonomic integrity. - A serious challenge for the maintenance of multi-species datasets is
taxonomic changes. Fortunately, with the World Spider Catalog (2020), arachnology has a reliable and
maintained source for changing taxonomic information. A key is the assignment of a unique identifier
(the Life Species Identifier (LSID)), which is constant and can be used as a link between the spider trait
database and the World Spider Catalog to automatically update the taxonomic information in the
database. To make any changes traceable, we propose that species names originally used in uploaded
datasets must be kept in the metadata (published species name from the trait sources vs. valid species

name from the WSC).

(5) Database governance and data upload. - The spider trait database will be a community-driven
project, created and maintained by a team of 5-10 administrators and a webmaster. To upload data

the contributor must use a template that provides the structure for how the data and attached



metadata are reported. An annotated draft template can be found in the electronic supplemental
material of this article. At this stage, any trait data can be sent to the corresponding authors of this
paper using this template for its inclusion into a first version of the spider trait database. The database
will be hosted by Masaryk University, Czech Republic, and curated by Stano Pekar’s research team and

collaborators.

(6) Quality control. - Databases require some degree of curation in order to maintain their integrity.
While some of the data checking can be automated (i.e. if all mandatory fields contain information
and data types for traits are correct), we think that the content of submissions must be formally cross-
checked and approved by an expert before it is published in the database. This may include a quick
check, if the uploader is a known expert, if the data are of relevance for the database, if the data are
accompanied by a citable publication that described the methods of data acquisition and that there
are no obvious errors (e.g. false units and digits). The formation of an editorial board with experts for
specific types of traits (e.g. behavior, morphology, habitat) will help to facilitate the described curation

task.

(7) Accessibility. - Following the principles of FAIRness and open science (Wilkinson et al. 2016) and
facilitating its embedding in the Open Traits Network (Gallagher et al. 2020), we promote open
accessibility of the spider trait database. This can be enabled by the use of the creative commons
license CC-BY 4.0, which means that anyone will be able to download and use the data for their own

research with the appropriate citation of the database.

(8) Author attribution. - Authorship models and citation rules for database usage are matter of dispute
at trait database meetings. The reason is that the processing and integration of data from thousands
of sources makes it hard to define what makes a significant contribution that merits authorship and

who must be named and cited according to the ethical norms of science and the CC-BY license



(Gallagher et al. 2020). Here it can be useful to distinguish between the authors of the original data
sources (i.e. the publication from which data were extracted to build a comparative dataset) and the
authors of the data synthesis (i.e. researchers who collated the comparative data set and/or made the
database accessible in a systematic manner). For practical reasons, we propose that only the latter
merits authorship of the database.

Following the above standards of reproducibility and traceability, it will be a requirement to cite the
original data sources (preferably with a DOI) in the database. However, among the research
community there is no consensus about whether original sources of legacy data must be cited in a
publication that uses data from the database, and this decision is often left to the users (Gallagher et
al. 2020). On the other hand, itis commonly accepted that any outputs derived from the trait database
will reference the database (the synthesis). In order to become citable, the database will be released
alongside an article in a scientific journal that describes the database. For the spider trait database, it
is aimed to publish its formal description in a major Open Access journal. After the release, the
database will be continuously updated and its content expanded. Major changes to its content and
the author team will require the occasional publication of a new article under a changed version

number of the database.

ADDITIONAL CHALLENGES FOR A SPIDER TRAIT DATABASE

The first major challenge of creating a spider trait database stems from the huge diversity of spiders
(48,400 described species and many yet to be discovered), largely preventing arachnologists from
gathering traits for all of them. One solution to this problem is to integrate data from related species
in the analysis step, in a careful and controlled manner, which is a widespread procedure in
comparative analyses of invertebrates (e.g. (Madin et al. 2016b)).

Second, many ecological studies use “morphospecies”, where species identification is considered too
difficult. If species names are lacking, the common standard that makes the data comparable is

missing. We argue that the arbitrary definition of morphospecies cannot replace species identification



by experts, e.g. by comparison with species descriptions and type material, and we do not promote
the inclusion of trait data from morphospecies into the database. However, to avoid the exclusion of
data from lesser known taxa, the database will allow the use of genus levels as a common standard
(i.e. usage of the genus LSID, if species identities are unknown or yet to be described). It will be
encouraged to specify voucher IDs and locations, if present, in the meta data, to enhance the tracing

of species identifications.

POTENTIAL RESEARCH THAT WOULD BECOME FEASIBLE WITH A SPIDER TRAITS DATABASE
Metacommunity, macroecology and biogeography. - At its most basic level, a traits database will help
answer questions about how traits are geospatially distributed across taxa. Studies on how traits
evolve or change at the community level in response to natural and historic change would also be
facilitated. Having access to data relating to trait composition and body size will enable researchers to
study the macroecological drivers of functional diversity at broad spatial and temporal scales (Cardoso
et al. 2011). It will also enable the study of the relative contribution of environmental filtering,
dispersal-related processes and competitive exclusion in determining spider assemblages and their
functional diversity (Jiménez-Valverde et al. 2010; Carvalho & Cardoso 2014). How the mechanisms of
environmental filtering influence community assembly along environmental gradients (e.g. climatic,
altitudinal, latitudinal, structural) and by abiotic and biotic disturbances (e.g. floods, fire and biological
invasions) can also be investigated by integrating data from the trait database with data from other
online resources, such as climatic databases (Carvalho et al. 2020). The integration of vegetation
biome data and climatic gradients allows for the testing of the relationship between vegetation,
latitude and functional diversity of spider communities. Finally, the effects of urbanization on the
expression or evolution of spider traits could be studied on a global scale (Lowe et al. 2018).
Evolution. - To date, trait-based research is a topic largely promoted within macro-ecology, and less
recognized in comparative biology. However, the digitization of traits has considerable potential for

the fields of comparative, evolutionary and systematic biology. By linking phylogenomic data with trait



data, fundamental evolutionary questions can be studied on a large taxonomic scale, such as the
evolution of body size (Kuntner & Coddington 2019) and the extended phenotypes (Blackledge et al.
2009). It would also be interesting to examine connections between phylogenetic diversity and
functional diversity and to test the ‘stable species hierarchy hypothesis’ in spiders, which predicts that
trait variation is higher at the interspecific level than at the intraspecific level (Kazakou et al. 2014).
Furthermore, testable ideas include whether diversification processes have been accompanied by
expansions or shifts in trait space and how the evolution of different traits are correlated.

Ecology and ecosystem functioning. - Trait based research can help to understand how communities
and ecosystems work by unraveling the interactions between species and their ecological roles. With
a comprehensive spider trait database, it could be feasible to identify which traits are associated with
specific habitat types, such as the ones found in caves, deserts or mountain summits. In combination
with similar databases of other taxa, the traits affecting ecosystem functioning, those affected by
ecosystem processes, and traits that are redundant could be identified. Also, functional traits that
have a similar (or complementary) ecological function could be identified. From an applied
perspective, understanding which traits contribute to high levels of pest control by spiders (”effect
traits”, Rusch et al. 2015) and how this service may be supported by certain management practices
("response traits” (Birkhofer et al. 2014)) is an important research field in agriculture and forestry.
Questions of niche formation in a competitive setting could be addressed, for instance what are the
traits that confer competitive advantages under different circumstances.

Conservation. - The proposed spider trait database can guide conservation decisions. By identifying
species that exhibit a unique combination of traits, local conservation can guide efforts targeting these
species (Birkhofer et al. 2017). Comparative studies can reveal traits that are associated with species’
extinction risk, resilience or the recolonization of restored areas, for instance using model species’
vulnerability to climate and habitat changes (Chichorro et al. 2019). Future threats to biodiversity from
land-use change or intensification could become predictable, if we understood community responses

from a trait perspective. Comparing both taxonomic and functional diversity responses to agricultural



intensification provides an ideal framework to consider trade-offs and synergies between different
conservation goals (Birkhofer et al. 2015). To understand which species are threatened by the pet
trade, the database can identify the traits, such as size or color, that make a spider attractive to the

buyer.

OUTLOOK
This paper demonstrates how the arachnological community and biologists more broadly would
benefit from a global spider traits database. We have discussed the challenges that the development
of a comprehensive trait database brings for a megadiverse group such as spiders and have provided
possible solutions for each problem. We suggest that establishing the spider traits database is feasible,
but will require major support, endorsement and input by the community. Following a fruitful
workshop on 10" February 2019, at the 21*" International Congress of Arachnology in Christchurch,
New Zealand, an action group has formed that is currently working on the implementation of the
principles discussed in this article. The team, led by Stano Pekar, is currently setting up the online
database, with the release of a first version planned for the end of 2020. We are requesting both data
submissions (using the provided template) and participation in editing, testing and data curation. For

questions, suggestions and offers please contact the corresponding authors of this article.
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Table 1: Examples of existing databases which include data for spiders (overview compiled in January

2020).
Name Geographic | Trait types Number of link
range species included
Genbank Global DNA sequences 12537 https://www.ncbi.nlm.nih
.gov/genbank/
BOLD Global DNA barcodes 10552 http://www.boldsystems.
org/
British Spider and Britain Distribution, altitude, | 713 http://srs.britishspiders.o
Harvestman Recording ecology, habitat rg.uk/
Schemes
Czech spider database Czech Distribution, habitat 896 https://www.arachnology
Republic .cz/rad/18raneae-1.html
GBIF (Global Biodiversity | Global Occurrence records 50708 https://www.gbif.org/
Information Facility)
World Spider Catalog Global Taxonomy, species | 48423 https://wsc.nmbe.ch/
distribution
ArachnoServer Global Toxin sequence, structure, | 100 http://www.arachnoserv
and biological activity er.org
Araneae Spiders of | Europe Distribution, morphology | 5210 https://araneae.nmbe.ch
Europe (body length, diagnostic /
illustrations), habitat
Global Species Database | Global Distribution, morphology | 6990 http://www.salticidae.pl/
of Salticidae (diagnostic illustrations)
Jumping spiders | Global Distribution, morphology | 6149 https://www.jumping-
(Arachnida: Araneae: (diagnostic illustrations) spiders.com/
Salticidae) of the world
Spider Anatomy Ontology | Global Ontology of anatomical | NA http://bioportal.bioontol
(SPD) terms ogy.org/ontologies/SPD






