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What are trait data?

Observation data on
phenotypic characteristics (or attributes, properties) Of

species (or species occurrences, individual specimens, higher taxa).

- Entity-Quality model*

Various sub-classes of trait data have been defined:

Fitness traits, performance traits, life-history traits, morphometric traits, locomotion traits,
environmental traits, phenological traits, genetic traits, behavioural traits, ...

* Garnier et al. 2017 Towards a thesaurus of plant characteristics:
An ecological contribution. Journal of Ecology 105:298-309



Trait-data heterogeneity

a) Measured quantitative data: b) Aggregate quantitative data:
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- Harmonization is labour-intensive; risk of misinterpretation if done on the user side



Trait-based ecology Is on the rise
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Trait-based ecology Is on the rise

e.g.
* in ,functional ecology* linking biodiversity and ecosystem functions - functional
diversity

a cross-cutting theme in evolutionary biology and ecology,
e.g. trait-matching in species interactions, or mapping to phylogenies

a major data type in digitization in museum collections (fossil and current)

promising solution to taxonomic description-gap: know species function from its form

—>Relies heavily on the availability, taxonomic and regional coverage, and harmonization
of data



The open data ,,problem*

Demand for open data publications by funding agencies and journals, and
mmunity standar g
community standards . B figshare ResearchGate

DRYAD

* Response: Use of general-purpose data repositories
 providing citable DOI & long-term stability
o Cost-free
 Clear re-use and re-publication policies (CC by or CC 0 licenses)
 low thresholds for data standardisation and documentation

—> Lots of distributed trait-data of small and intermediate research projects,

but not interoperable for use in databases and future computer-aided analysis
(the I in FAIR guiding principles for scientific data management and stewardship, Wilkinson et al. 2016 Scientific Data 3:160018 )



Readying trait-data for the semantic web

-> Aim: Shifting harmonization effort on data-provider side,
I.e. standardise before upload!

Incentives and tools are needed:

 Data publications must be recognised as publications | g@

« Awareness for data accessibility and interoperability (i.e. metadata, i E{j
reference to taxonomic and other ontologies)

« Consensus building on trait definitions and methods (handbooks and
thesauri, ontologies)

« Standard Terminology for Trait-data labelling } ETS

OpenTraits.org




The Ecological Trait-data Standard

https://terminologies.gfbio.org/terminology/?ontology=ETS

A standard vocabulary, i.e. a set of terms for

1. labelling own trait-data for publication on general-purpose file servers or
project-specific and internal databases (distributed data)

2. harmonizing and assembling datasets from distributed sources (aggregation)

3. building input and output interfaces for software tools and webservices dealing
with trait data (tools)

“'ﬁ '
gfDIC™ Terminology Service ) —

nctional biodiversity
research

www.biodiversity-exploratories.de
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Ecological Trait-data Standard Vocabulary

Florian D. Schneider, Malte Jochum, Gaétane LeProvost, Caterina Penone, Andreas Ostrowski, Nadja K. Simons

va.8.0, released: 28 May 2018

Glossary of terms

This defined vocabulary aims at providing all essential terms to describe datasets of functional trait measurements and facts for ecological
research. The vocabulary builds on the Darwin Core Standard and it's extensions (terms of DWC are referenced thus in field ‘Refines’; the full

Darwin Core Standard can be found here: http://rs.tdwg.org/dwc/terms/index.htm).

The glossary of terms is ordered into a core section with essential columns for trait data, extensions which are allowing to provide additional
layers of information, as well as a vocabulary for metadata information of particular importance for trait data. Another section provides defined
terms for trait definitions to be included in the metadata or published along with the dataset.

We provide four extensions of the vocabulary, that allow for additional infermation on the trait measurement.

the Taxon extension provides further terms for specifying the taxonomic resolution of the observation.

the Occurrence extension contains information on the level of individual specimens, such as date and location and method of sampling

and preservation, or physiclogical specifications of the phenotype, such as sex, life stage or age.

the MeasurementOrFact extension takes information at the level of single measurements or reported values, such as the original
literature from where the value is cited, the method of measurement or statistical method of aggregation.

The BicdiversityExploratoriea extension provides columns for localisation for trait data from the Biodiversity Exploratories sites

[www.biodiversity-exploratories.de).
This glossary of terms is available as

® this human-readable reference (html file), including commentaries and further definitions,
® a csv table file (the ‘source’ file, TraitDataStandard.csv),
® 3 machine readable RDF ontology file, compliant with semantic web standards accessible via an APl (produced by and hosted on GFBio

Terminclogy Server, coming seon!).

The rationale for developing the Ecological Trait-data standard has been cast in a paper that is available as pre-print:

Schneider, F.D., Jochum, M., Le Provost, G., Ostrowski, A., Penone, C., Fichtmlller, D., Gossner, M.M., Giintsch,
A., Kbnig-Ries, B., Manning, P. and Simons, N.K. (2018) Towards an Ecological Trait-data Standard, biorxiv.org
DOI: 10.1101/328302
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Ecological Trait-data Standard = EVocabulary ~ jAbout Versions ~  €)

Core traitdata terms

For the essential primary data (trait value, taxon assignment, trait namel, it is recommended to report the original naming and value scheme as
used by the data provider. However, to ensure compatibility with other datasets, the original data provider’s information should be duplicated
into standardized columns indexed by appending Std to the column name. This ensures compatibility on the provider’s side and transparency
for data users on the reported measurements and facts, and enables checking for inconsistencies and misspellings in the complete dataset
provided by the author. If provided, the standardized fields allow merging heterogeneous data sources into a single table to perform further
analyses. This practice of double bookkeeping of trait data has successfully established for the TRY database on plant traits, for instance (Kattge et
al. 2011. TRY - a global database of plant traits. Global Change Biology, 17, 2005-2935).

By linking to (public) ontologies via the field taxonID , further taxonomic information can be extracted for analysis. Alternatively, taxonID may

also link to an accompanying datasheet that contains information on the taxonomic resolution or specification of the observation.

Similarly, linking to published trait definitions in public thesauri or ontologies via the field traitID allows an unambiguous interpretation of the

trait measurement. If no online ontology is available, an accompanying data table should specify the trait definitions by making use of terms
provided in the section Traitlist” below.

scientificName

go to top | direct link

scientificName
Definition Original character string provided as species name by the data owner (kept for reference and continuity)
Comment Can be equal to scientificNameStd. Authors may use abbreviations, or use underscores to separate genus and species name.
valueType character
Identifier http://ecologicaltraitdata.github.io/ETS/#scientificname

Datelssued 2017-07-07
Firstlssuedin wv0.8
DateModified 2018-05-29

Refines http://rs.tdwg.org/dwe/terms/scientificName

Replaces MA
Deprecated NA

ReplacedBy NA



How to apply the vocabulary?

» Use vocabulary terms as column names
e ensure the minimal information (core data)

I Entity-Quality pairs

I Undefined width of table,
dataset-specific columns

I Unified,
well-defined
columns



How to apply the vocabulary?

* Linkto a_ccepted ¢) Standardized names and URIs
taxonomies and Other (added as columns to core table)

ontologies (using URI)

Agonum ericeti

¢ USG terms as CO|UmnS Agonum ericeti
names of the dataset (for PRTERELE
two-dimensional data) or
the core table + _
; - - d) Extensions
extensions (in relational (e as columns,
databases) mapped to identifiers)

I measurement-level
definition of unit

scientificNamestd | traitNamestd | traitvaluestd | traitunitstd _Jtraitip _____________[taxoniD | measurementiD ] occurrenceiD |

body length 5.87 mm http://t-sita.cesab.org/ http://www.gbif.ore/ 1 001
BETSI_vizinfo.jsp?trait=Body_length species/5755044
antenna Iength 3.74 mm http://t-sita.cesab.org/ http://www.gbif.org/ 2 001
- BETSI_vizinfo.jsp?trait=Antenna_length species/5755044
bOdY Iength 4.80 mm http://t-sita.cesab.org/ htto:/fwww ghif org/ 3 002
- BETSI_vizInfo,jsp?trait-Body_Ienith species/5755080
'unambiguous
+ reference to taxon
Taxon taxoniD ________[taxonRank __Jorder |
http://www.gbif.org/species/5755044 species Coleoptera
http://www.gbif.org/species/5755044 Species Coleoptera
http://www.gbif.org/species/5755080 species Coleoptera
Measurement basisOfRecord measurementMethod | measurementResolution |references  |.. |
or Fact 1 PreservedSpecimen Digital caliper 0.1 mm NA
2 LiteratureData NA genus https://doi.org/
10.1038/sdata.2015.13
Occurrence | occurrencelD | sex |lifestage | samplingProtocol | eventDate | country | habitat |.. |

001 f adult Pitfall trap 2008-06-12 DE forest
002 m  adult Pitfall trap 2008-06-12 DE forest




The Ecological Trait-data Standard

 Designed with combined expertise of researchers in:
« Empirical biodiversity researchers (data providers) exploratories
e Synthesis researchers (data users)
 Biodiversity informatics researchers (data managers)

o Compatible with existing structures of major trait databases (TR, TraitBank)
 Build on Terms of Darwin Core Standard and its Extensions

 ETS Is FAIR: findable (GFBI0), accessible (documentation),
Interoperable (URISs), re-useable (CC by)

* Open Development: Invites contributions, submissions, discussions at
https://github.com/EcologicalTraitData/ETS for upcoming v1.0

biodiversity WRAWA

www.biodiversity-exploratories.de



https://github.com/EcologicalTraitData/ETS

Get started Reference Changelog

traitdataform &

Package ‘traitdataform’ - harmonizing ecological trait
data in R

This package assists in handling functional trait data and transferring them into the Trait Data Standard (Schneider et al. in
preparation).

There are two major use cases for the package:

« preparation of own trait datasets for upload into public data bases, and
¢ harmonizing trait datasets from different sources by moulding them into a unified format.

The toolset of the package includes

» transforming species-trait-matrix or occurence table data into a unified long-table format
+ mapping column names into terms provided in a standard trait vocabulary

matching of species names into GBIF Backbone Taxonomy {taxonomic ontology server)
matching of trait names into a user-provided traitlist, i.e. a thesaurus of traits

unifying trait values into target unit format and legit factor levels

» saving trait dataset into a desired format using templates (e.g. for BExIS)

Installation

The package can be installed from Github via the ‘devtools’ package

install.packages('devtools')
devtools::install_github('EcologicalTraitDatastraitdataform')

https://ecologicaltraitdata.github.io/traitdataform/

Links

Browse source code at
https://github.com/fdschneider/
traitdataform

Report a bug at
https://github.comffdschneider/
traitdataform/fissues

License

Full license

WMIT

Developers
Florian D. Schneider

Author, maintainer, author

All authors._ .



Usage

data(carabids)

thesaurus <- as.thesaurus(
body_length = as.trait("body_length",

expectedUnit = "mm“,
identifier = "length"
¥
antenna_length = as.trait("antenna_length",
expectedUnit = "mm",
identifier = "antenna"
:IJ‘
metafemur_length = as.trait({"metafemur_length”,
expectedUnit = "mm",
identifier = "metafemur"
e
eyewidth = as.trait({"eyewidth_corr",
expectedUnit = "mm“,
identifier = "eyewidth™
)

traitdatasetl <- standardize{carabids,
thesaurus = thesaurus,

taxa = "name_correct”,
units = "mm"

https://ecologicaltraitdata.github.io/traitdataform/



Take home

 Facilitate trait-data standardisation on data-provider side
* Incentivise application of FAIR guiding principles for distributed data
o Standard terminology provided by Ecological Trait-data Standard

1. labelling own trait-data for publication on general-purpose file servers or project-specific
and internal databases (distributed data)

2. harmonizing and assembling datasets from distributed sources

3. building input and output interfaces for software tools and webservices dealing with trait
data
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FAIR guiding principles for scientific data
management and stewardship

To be FAIR, data must be

 Findable: register data and metadata, central repositories, enable web
browsers, metadata and appropriate labelling

o Accessible: open access, long-term accessible (using DOI), human-readable

* Interoperable: applying global resource identifiers (URI) and terminologies,
machine-readable assignment of contents

* Re-usable: clearly stating the conditions for re-use (for humans and
machines), e.g. using Creative Commons Licenses

-> Prerequisites for a re-use in computer-aided big-data analyses and
Integration into the semantic web of biodiversity data
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