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Introduction

Biodiversity information is growing exponentially due to the expanding number of
biodiversity related projects, initiatives, and networks collecting data around the world. A
substantial portion of these data come from citizen science initiatives, and often differ from
more "traditional" data collected by trained scientists. Mobiliratod integration of data
from such diverse origins is thus of major importance and is one of the key objectives of the
EU BON project.

Data mobilization is a broad term that includes data sharing, data publishing, and
involvement of scientific and citizesommunities in data generation.

Cooperation of many tasks across the entire project has been required, including T1.5, T2.2,
T2.4,T2.5,T2.7,T2.8, T3.4, T5.2, and T8.5.

Progress towards objectives

This report provides conceptual and practical adiocemplementation of the available data
sharing and data publishing tools enhanced or adopted by EU BON. The report begins with
an introduction to the complex world of data, metadata, and data integration. The concepts of
data sharing and data publishiage clarified. A comprehensive review of the existing tools

for metadata, occurrence data, and ecological data is compiled. A detailed description of the
tools, their pros and cons, is followed by recommendations on their deployment and
enhancement.

This is done from the perspective of the needs of the biodiversity observation community
with an eye on the development of a unified user interface to thisiddta European
Biodiversity Portal (EBP). We described the steps taken to develop, adapt, degltest

these tools. This document also gives an overview of the objectives and challenges that still
need to be achieved in the remaining part of the project.

After a detailed analysis of tool requirements, recommendations are given on what tools best
satsfy the needs of different user groups within the biodiversity observation community. A
small number of tools, name the GBIF Integrated Publishing Toolkit (IPT), spreadsheet tools,
DEIMS, Metacat, the ARPHA Publishing Platform, TreatmentBank, and Plwefe
selected for deployment. Additional tools, which may be used for data sharing, such as those
used by organizations to comply with the requirements of the INSRIRREttive, have been
included, as have other spatial analysis and crsoudicing toolsThese tools also contribute
significantly to the resources of the community which is why they have been included in this
report.

! Infrastructure for Spatial Information in the European Commuhitip{/inspire.ec.europa.gu/
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The main challenges identified are:

O«

there is a variety of tools but none can, in and of itself, satisfy all the requirements
of the wide variety of data providers!

(@]

gaps in data coverage and quality demand more effort from data mobilization.

To fully meet the user requirements a combination of tools have been selected, which, in the
form of a workflow, will mobilize data. Some of the tools are also used to further process the
data, including paper publication. Outreach campaigns and tragesgions have been
organized and are planned in the future to target effort on data mobilization where gaps have
been identified.

Achievements and current status

The conclusion was that the choice of tools should be defined by the needs of thosegbservin
biodiversity i the end user community in the broadest séngeom volunteer scientists
(citizen scientists), exploring and recording life around themtheir mobile devises, to
decision makers looking for processable and reliable data to build repdrfsrecasts upon

it.

Short description of selected tools:

GBIF IPT % Tool to publish and share biodiversity data sets and metadata through the GBIF
network. Allows publication of three types of biodiversity data: i) primary occurrence data
(specimenspbservations); ii) species checklists and taxonomies; iii) sabgded data from
monitoring programs.

Spreadsheet tools:1) GBIF Spreadsheet processor is a web application that supports
publication of biodiversity data to the GBIF network using-goafigured Microsoft Excel
spreadsheet templates; 2) DataUp tool is the tool developed by DataOne to help
environmental scientists to upload files to a repository for data management.

The ARPHA Publishing Platform® Narrative (text) and data integrated publighin
workflow to mobilize, review, publish, store, disseminate, make interoperable, collate-and re
use data through the act of scholarly publishing. Three types of biodiversity data supported: i)
primary occurrence data (specimens, observations), ii) speeeklists and taxonomies, iii)
samplebased data from monitoring programs.

TreatmentBank*: A platform to store, annotate, access and distribute taxonomic treatments
and the data objects within. It offers with GoldenGated respective XML schemas

2 http://www.gbif.org/ipt

3 http://mww.pensoft.net/
4 http://plazi.xuul.org/resources/treatmentbank/
S http://plazi.org/?2q=GoldenGATE
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(TaxonX, TaxPuB) tools to convert unstructured text into semantically enhanced documents
with an emphasis on taxonomic data like treatments, scientific names, materials observation,
traits or bibliographic references.

Metacat® and Morpho®: Metacatis a repository that helps scientists store metadata and data,
search, understand and effectively use the data sets they manage or those created by others. A
data provider using Metacat can become DataONE member node with a relatively simple
configuration Morpho is an application designed to facilitate the creation of metadata.

Implementing mobile app tools with the PlutoF AP!% Online service to create, record,
manage, share, analyze and mobilize biodiversity data. Data types cover ecology, taxonomy,
metgenomics, nature conservation, natural history collections, etc.

Future developments

The data providing tools occupy a strategic interface between the data mobilization and
making the data accessible and usable on the portals (both in terms of dadatar@mt&aven
already processed data). Future developments will thus go in the direction of minimizing the
identified barriers to data mobilization on one hand and enhancing the workflow towards the
stakeholders by filling the known gaps.

One such major ga as reported from the gap analysis performed by WP1, is the time lag
between published datasets, compared to the apparently huge number of those still hidden
within the repositories of institutions. The number and the diversity of data and metadata
stanards in circulation may also be an obstacle to potential providers of biodiversity data.
Likewise, the same is true for the diversity of software tools. Hence EU BON has focused on
the empowerment of existing data sharing tools and standards by broadkeing
interoperability, connectivity and sharing capabilities, rather than adding new tools.

These further enhancements of the tools selected for their adequacy with the objectives of EU
BON will be achieved in the next steps, by involving massively tfierdnt stakeholders and
outreach to additional data providers. The work done at the testing sites will now be extended
further to real life implementation of the identified tools in larger networks of GBIF, LTER,
and LifeWatch, but also by encouraging $ierastructures and individual researchers such as
those identified by the EuMon project to use them. In this regard the helpdesk and the
associated training activities will play a major role. The whole EU BON consortium is
however also committed to comute to the overall outreach efforts and be active in the
implementation and enhancement of the selected data providing tools.

® http://plazi.org/?g=taxonx

’ https://github.com/tcatapano/TaxPrédéases

8 hitps://www.dataone.org/softwateols/metacat
® hitps://www.dataone.org/softwateols/morpho
9 https://plutof.ut.ee/
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2. "ARECOI 61 A Al AzO0DRDAADEDEOADAOA
Biologists are joining the Bifpata club (Marx2013)*. This comesabout due to the efforts

of genomics (molecular sequence data), but also as a result of biodiversity monitoring
programs. Big Data are determined not only by the volume, but also by the variability and

complexity of dataKig.1). Life science disciplinesra producing such variable and complex
datasets that they can easily compete with other disciplines for the title of Big Data.

\JARIET)

Structured
Unstructured
Semi-structured
All the above

3Vsof

Big Data
I.EU Terabytes \ . rﬁ
9 Records ~ r~
) Transactions Streams Q
O  Tables files i Near-time )
2 >

Figure . The Three V' s of Big Data (borrowed frc
Preprocessing, Computational Inteliggnc and | mbalanced Cl assesbd

Additional data sources come from citizen sciences initiatives, remote sensing, satellite
imagery and the vast corpus of digital literature, which open new perspectives for data
mining. This huge amount of data is of high scientific value and potentiaholtld be
mobilized to become more accessiblia data portals, such as the Global Biodiversity
Information Facility® (GBIF), Longterm Ecological Research Netwdtk(LTER), and
DataONE?®. Programs such as GEO B&Nand projects like EU BON, which belong tize

Global Earth Observation System of Systtfn{&EOSS) use these primary data sources to
detect change in biodiversity. These initiatives have identified data mobilization and
integration as important goals.

1 http://www.nature.com/nature/journal/v498/n7453/full/498255a.html
12 hitp://sci2s.ugr.es/BigData

13 http://www.gbif.org/

4 hitp://lternet.edu/

15 https://www.dataone.org/

18 http://geobon.org/

7 http://earthobservations.org/geoss.php
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The growing importance for the need to enhaswe facilitate tools for access, sharing and
publishing of biodiversity data is closely related with several factors:

1 data explosion caused by mass digitization, computerization and public involvement,
coined Acrowd sour ci ngaisedissues ofiddtaiquabtynands c i e n
standardization),

1 climate change and the increasing loss of biodiversity raises the pressing need for
more and accurate data to enable assessments, analyses of trends and traits in order to
provide decisiormakers with slid scientificbased recommendations and solutions,

1 growing number of the intermediate agents (international initiatives, projects and
infrastructures) designed to make the link between the data and policy easier, faster
and more efficient by trying to Ifiin the gaps in data, mobilize data through
boundaries and disciplines, provide the services to data providers (tools, standards,
best practices, training).

Gathering, managing and analyzing of biodiversity data is demanding because: i) they
include manydifferent types of data,; ii) the amount of data is large; iii) relevant data sources

are fragmented and widely distributed, and iv) their coverage is often incomplete (Hoffmann,
2014).

Therefore, the EU BON Description of Work defines the task T2.3 lasvil

AThis task wil!/ work with international |
and build new releases of data sharing tools for relevant data providers. These open
source tools implement the selected interoperability mechanisms (task 2.@xtand
publishing mechanisms (task 8.5) for use by the relevant networks, and provide
registration and query functions towards the GCI. As the basis of development,
existing tools for metadata, occurrence data and ecological data from GBIF and

LTER will be sed. New tools for sharing habitat data will be investigated. A model

for distributed development will be adopted. (Lead MRAC; UTARTU, UEF, GBIF,
Pensoft, Plazi, GlueCAD, INPA, IBSAS; Montils 2 ) 0

The initial project outputs were dedicated to the evalnatind gap analysis of different data
sources and data types (deliverable D1.1), which allowed the production of further
recommendations, best practices and solutions for the storage and management of selected
biodiversity data types such as taxonomic backe data, data stored in biEpositories,

species profile data, and citizenience based data. Furthermore, a comprehensive analysis of
the required information architecture and review of the available data standards was made
(deliverable D2.1).

This report was preceded by a milestone (MS231) document in the spring of 2015 where an
inventory of tools was made and a specification for the data sharing tools of interest to the
EU BON project were laid out. In this report we extend the work by presentietaged
assessment of the selected tools for data sharing and data publishing, the development and
enhancement of the selected tools, and results of their testing in the real environments.
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Definitions and concepts

Before assessing and selectingagpropriate tool for sharing data or metadata or any other

data handling, first we need a good understanding of what these terms mean and how they are
used in life sciences. Within the context of biodiversity informatics one operates with terms

| i ke ,idiasttaaondar d o, Asharingo, et c. , but do v
eliminate misunderstanding and misuse of the terms, we first introduce the fundamental
concepts and definitions.

Data

The many definitions and terms which include "Data"past of their name, coined and
documented in depth through numerous biodiversity infrastructures/interoperability projects,
reflects the growing complexity in handling data flows and the increased need to formalize

and categorize the multiple aspects dthnot i on of Afdat ao. Further
biodiversity data, which may include at least formats of genetic sequences, species
occurrence (distribution/abundance/biomass/production) values and habitat maps, requires
clear and unambiguous identdibons of the terms for data.

Data are a set of values of quantitative measurement of, or a qualitative fact on some entity in
a structure of known format (e.g. spatial and tabular), typically the results of measurements. It
is people and computers who legt data and impose formats on it. From these formats,
information patterns and interrelations can be derived and subsequently interpreted, a process
which provides evidence, which can, in turn, be used to create or enhance knowledge.

Data are often assdied in discrete units of digital content, such as files or records in a
database, often expected to represent information obtained from a particular observation,
sample, location, or period of time during a scientific study. These discrete units ofajata

be further organized into a dataset, which is an organizational tool to present a coherent and
complete collection of data relevant to a particular topic. A dataset may be a single file or
database, or it may be composed of thousands of files, engadssible for a single database

to contain many datasets. The organization of data into files and datasets is generally not
standardized and depends on the particular needs of the individuals collecting the data and the
anticipated uses of that data.

In the context of biodiversity observation network the term data should be associated with the
purpose and the context in which these data are used whenever an ambiguous interpretation
might arise.

Page9d of86
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Data standards

"Standards are documented agreementstaining technical specifications or other precise
criteria to be used consistently as rules, guidelines, or definitions of characteristics to ensure
that materials, products, processes, and services are fit for their pdfgt2@"2015).

Data Standardare documented agreements aim to provide consistent meaning to data shared
among different information systems, programs, entities of -c@taumers/users on
representation, format, definition, structuring, tagging, transmission, manipulation, exchange,
use, and management of data. Data standards in biodiversity science are being managed by
the Biodiversity Informatics Standards organizatiofDWG.

Metadata

Met adata is fndata about ot her datao, based
Metadaa are a description of content and context of content, using predefined attributes, aim

at providing a brief data about the characte
how and on what purposed).

In the GEOSS and GBIF contexts, from thenpaif view of the data provider, metadata
contain information about their resources (datasets), while for the data consumer the metadata
are used both to evaluate the resources and services needed to handle the data (e.g. discover,
access) and to "asseggpeopriateness of the resource for particular néetteir socalled
6fitness Por purposed. "

Within the biodiversity domain the metadata description (file or data) should automatically be
assigned to all processed and published data or object. Ametherement is that a tool for

data sharing should guarantee a persistent link between the metadata and data/object. This is
very important for the integrity of the information, to keep track of the origin of the data and
respect IPR statements for example

Depending on the context or usage, the same piece of information can be considered as
metadata or data. The tools for data sharing can have embedded metadata templates, while in
other cases the data standard is in part or entirely considered as métadata.standards

that may fall under that case are for example Ecological Metadata Languagé'\EML
Darwin Core (DwG?, ISO 19115 (Geographic informatiadn Metadata®) and Access to
Biological Collection Data (ABCEf), to name a few. These and other dagmdards have

18 hitp://www.iso.org/iso/home/standards.htm

' http://tdwg.org/

20 hitps://code.googleom/archive/p/gbimetadata/wikis/Introduction.wiki
2L http://en.wikipedia.org/wiki/Ecological_Metadata_Language

2 http://en.wikipedia.org/wiki/Darwin_Core_Archive

2 http://www.iso.org/iso/catalogue_detail.htm?csnumber=26020

24 http://www.tdwg.org/activities/abcd/
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been extensively reported in the EU BON deliverable D2.1 Architectural design, review and
guidelines for using standards

Data vs. information

Data orfraw dat®@( al so known as Aprimary datao) is a
sour@. From the perspective of the infrastructure service provider an important distinction
between raw data and information is that data entities are provided, defined and described by
an external source, which is outside of the scope of the infrastructame d&a is multi

purpose and can be reused. Raw data doesn't yield much information until it is processed
(hence interpreted) and possibly integrated with other data. Once processed, the data may
support particular types of information.

For example, an @urrence record for a certain species within a dataset is a "data". The
interpreted contribution of one or a set of such records with its known attributes and
relationships to other data, in term of scientific meaning, is "information".

The Lifewatc® information models, which aim to conform with the INSPfRE
Implementation Rules, address the differences between data and information (in accordance
with Federal Standard 10%Yin its 'Information View'.

1 Data: representation of measurements, facts, con@gptsstructions in a formalized
manner that can be processed by humans or by automatic means.

1 Information: the meaning that a human assigns to data by means of the known
conventions used in their representation.

The LifeWatch Reference Mod&Ffurther distinguishes between two aspects of information:
1 Primary and derived information (including metadata) related to biodiversity data.

1 Metainformation, that is: descriptive information about available information and
resources with regard to particular purpose (i.e. a particular mode of usage).
Examples of 'Purposes of data’ that are handled by differentimi@taation models
include: Discovery, Orchestration, Collaboration, Identification, Authentication and
Authorization, Provenance, Quglievaluation, Indexing, Retrieving, and Integration.

% http://www.eubon.eu/documents/1/

2 http://www.lifewatch.eu/web/guest/home

27 http://inspire.ec.europa.eu/

2 http://en.wikipedia.org/wiki/Wikipedia:Federal Standard 1037C terms
2 http://www.eubon.eu/getatt.php?filename=tR%IV0.5 4310.pdf
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Processed and secondary data and information

Based on the increased availability of biological records, secondary information can be
generated by processing and analyzing primary data using eetigey techniques for
modelling, mapping, statistics, graphing and for visualization of data.

The nonexhaustive example products of secondary information and data products may
include Red Lists, endangered species lists, observations that associatecepadiahtes,
environmental data with habitat and landscape data, genetic data based on sequences and
genes.

The need for definition of data for purpose

The discovery, analysis, and interpretation of data, particularly for the purposes of generating
information, often requires an understanding of the semantic context for a particular term,
which depends on the particular scientific community and the purpose for which the data was
collected. For example, precipitation has a very different meaningeincontext of a
chemistry dataset than an ecological dataset. And within ecology, the concepts of rain, snow,
and sleet are understood to be specific forms of precipitation.

Ontologies are structured way to organize the different meanings that a patgcoiacan

have in different contexts as well as to describe the relationships between different concepts.
Well-structured ontologies can greatly assist both the discovery and interoperability of
datasets, but the proper application of these ontologmpsres an understanding of the
context of the data, which should be provided by the metadata. One mechanism of providing
that information is to explicitly specify that context, by referencing a particular term in a
relevant ontology or from a specificallgferenced controlled vocabulary of keywords.

Some recent developments regarding vocabularies and ontologies in biodiversity informatics
are outlined in deliverable D2.1.

Data publishing

Biodiversity data can be made publicly available through the pomfepublishing. Data
publishing makes the data accessible through the use of standard procedures and protocols. It
implies the use of common practices and standards ensuring that data can be discovered and
reused effectively, and that data owners anstamians get the recognition they deserve.
These practices also apply for data sharing, when data are made fully publicly available.

GBIF*® and Pensoft summarize the incentives to publish biodiversity data as follows:

1 Data can be indexed and made discdverabrowsable and searchable through
biodiversity infrastructures (e.g., GBIF, Dryadnd others):

%0 http://www.gbif.org/publishingdata/summary
31 http://www.pensoft.net/
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9 Discoverable and accessible data contribute to global knowledge about biodiversity,
and thus to the solutions that will promote its conservatiorsasthinable use.

1 Data publishing enables datasets held all over the world to be integrated, revealing
new opportunities for collaboration among data owners and researchers.

1 Publishing data enables individuals and institutions to be properly creditéaefor
work to create and curate biodiversity data, by giving visibility to publishing
institutions through good metadata authoring.

1 Collection managers can trace usage and citations of digitized data published from
their institutions and accessed througBliGand similar infrastructures.

1 Data produced and collected using public funds can be published, cited, used and re
used, either as separate datasets or collated with other data. Indeed, some funding
agencies now require researchers to make their datg &ecessible.

To encourage the publishing of biodiversity data one should stress the importance of the use
of the oO6Data papersédé concept (recently prom
and Penev (2011), Chavan et al. (2013).

A data paperis asearchable metadata document, describing a particular dataset or a group
of datasets, published in the form of a pesfiewed article in a scholarly journal. In contrast

to the data sets published in conjunction with academic research papers, datanagpers
contain raw primary data, independent of a research hypothesis. This makes it uniquely
adapted for the publication of biodiversity data from large collections, such as those curated
by natural history museums.

Unlike a conventional research articleg frimary purpose of a data paper is to describe data
and the circumstances of their collection, rather than to report on hypotheses testing and to
draw conclusions.

Key characteristics of the dapaper concept (Chavan et al., 2013) are that it:
1 providesa citable journal publication that brings scholarly credit to data publishers;
1 describes the data through structured, huneaable extended metadata;
9 brings the existence of the data to the attention of the scholarly community.

Recent developments incledhe endorsement of the data paper concept by several EU
funded projects and the creation of the rgemeration Biodiversity Data Jourfial
Further mor e, Col ombi ads Al exander von Hu mb c
Institute is commissioning a joual dedicated to publishing data papers, and public
repositories, such as Dryad and Scratchpads, are collaborating with academic publishers to
encourage datpaper publishing (Chavan et al., 2013).

32 http://www.datadryad.org/
33 http://bdj.pensoft.net/
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Data sharing and open access

Wikipedia definesdata har i ng as fthe practice of maki n
available to Yt hletrosi noveersstii dyeart eodr stoo be a part
with documentation and archiving. A number of institutions, funding and publishing agencies

have policies regarding data sharing. While data sharing for some is about validating results,

for others, publishing data are about enabling big data solutions and approaches (Anderson,
2014).

The terms fnAdata sharingo a merchandeatlyaHowewen, | i s hi
there are differences. Data that is shared may still be private and access to it can be
controlled. Access to shared data can be revoked. (This was an important clause in the
original GBIF Data Sharing Agreement, which placed emsfhin keeping the data owner in

control.) However, when something is published, it has been made openly available for
good, and access cannot be revoked anymore.

Shared data are useful only if they are searchable and usable. For both characteastics dat
must be formatted in a standard way, conform to standard structure and semantics and have
appropriate metadata attacfied

Despite the ongoing discussion how to share, what to share and on what conditions to share
it ods al most i mp o s s ierh Isaencd without datag sharieg iritiatiges mo d
emerging worldwide and in different disciplines.

Open access is an important principle in data sharing (although data can also be shared in
restricted ways). Data sharing necessitates the use of an agreeraditeose where the

terms and conditions have been stated. When integrating data from thousands of sources,
only open access and standardized licenses such as those of Creative Commons will work.

The important players in domains of earth and biodiverhigervation, such as GEO BON,
GEOSS, including EU BON, pursue strategic gdalsmong which data sharing is directly
addressed:

1 address the need for timely, global and open data sharing across borders and
disciplines, within the framework of national pmés and international obligations, to
maximize the value and benefit of Earth observation investments,

1 implement interoperability amongst observational, modelling, data assimilation and
prediction systems.

The first 10Year Implementation Plan of GE8ated that "The societal benefits of Earth
observations cannot be achieved without data sharing”, and set out the GEOSS Data Sharing
Principles®’

3 http://en.wikipedia.org/wiki/Data_sharing

% http://www.nature.com/nature/journal/v461/n7261/full/461171a.html

% https://www.earthobservations.org/docunts#geo_vi/12 GEOSS%20Strateqic%20Targets%20Rev1.pdf
37 https://www.earthobservations.org/geoss_dsp.shtml

Pagel4of86


http://en.wikipedia.org/wiki/Data_sharing
http://www.nature.com/nature/journal/v461/n7261/full/461171a.html
https://www.earthobservations.org/documents/geo_vi/12_GEOSS%20Strategic%20Targets%20Rev1.pdf
https://www.earthobservations.org/geoss_dsp.shtml

Deliverable report2.2) EUBON FP7-308454

T There will befull and open exchangeof data, metadata and products shared within
GEOSS, recognizing relevanmnternational instruments and national policies and
legislation;

1 All shared data, metadata and products will be made available with minimum time
delay and at minimum cost;

1 All shared data, metadata and products being provided free of charge or noanore th
cost of reproduction will be encouraged for research and education.

EU BON Data Sharing Agreement

The EU BON project determined in 2013 the need to put in place a detailed Data Sharing
Agreement®, which follows the above GEOSS Data Sharing Principles, but also gives
additional terms and conditions, which are relevant for the biodiversity community. These
conditions include the need to hide potentially sensitive data on endangered species, and the
need for an embargo on data release to support priority in scientific publishing, and to
motivate data sharing. This agreement has yet to be tested in practical terms.

Other related initiatives include the revision of the GBIF Data Sharing Agreemerdueen

that all data sets are associated with a standard, mae@idable Creative Commons
equivalent license (i.e. GQ, CGBY, CC-BY-NC) that can be automatically processed to
support data integration across large number of data sets, and the Bouclzvatioe?t that
promotes licenses or waivers in support of open biodiversity knowledge management. The
EU BON Data Sharing Agreement is in line with the main principles of the Bouchout
declaration on open biodiversity knowledge management. Recommendhtbaset beyond

the scope of the agreement are also promoted (e.g. the need for persistent identifiers for data,
linking data using agreed vocabularies and sustaining identifiers in the long term) (Wetzel et
al., 2015).

Moreover, EU BON adheres to the pijles of free and open exchange of data and
knowl edge, in accordance with theSGelnotiurty oD e c
presented by the European Federation of Academies of Sciences and Humanities and the
European Commission on"1 April, 2017°,

38 http://www.eubon.eu/news/10954 EU%20BON%20Data%20Sharing%20Agreement
39 http://www.bouchoutdeclaration.org/declaration/
40

http://www.allea.org/Content/ALLEA/General%20Assblies/General%20Assembly%202012/Joint%20Declar
ation%20GA%20Rome%202012%20signed%20v2.pdf
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P

3. )T OAT 61T ou 1T &£ O1I1160
Types of tools

There is a number of specific tools for biodiversity data sharing, such as GBIF's Integrated
Publishing Toolkit (IPT). However, there are also general purpose tools, such-Asdéss,

that are widely used idata management. These general tools are often used to share tables of
semistructured data. Most of these tools are well known by the community. They are
generally easy to use and do not require a steep learning curve or the assistance of an IT
specialist From a short term perspective these tools provide a quick win for data exchanges.

Neither spreadsheets, such as-EMel and comma/tab delimited files, should be ruled out

as efficient means to share data and information. They are routinely used fer tcata

among collaborators and to feed higher level data management systems or applications.
While such systems are popular, using such tools, particularly without applying clear
standards to the data does not promote larger scale data managemengraperaibility
between datasets. The use of proprietary systems forces data into particular formats and can
become an additional barrier to data sharing, reuse and accessibility.

In order to overcome such barriers, the community has developed data sbalnthat

assert common standards and structures on users. Some tools are more generic and data
schema independent and thus can be used in multiple domains, while many other tools are
targeted designed for selected data types, models, specific appScatwbpurposes.

One can cite here tools to exchange geographic information such as background maps,
sampling localities and coordinates. These tools are of general purpose and are not
necessarily designed for biodiversity and habitat related data. HowleAgre still useful for

the domain.

There are groups of tools that have been specifically designed for biodiversity data,
environmental data and ecological data. They are often developed in the context of a project
or of an application. Most are very @isebut sometimes need adaptations or connector
applications to become interoperable at larger scales. Typically these tools include data
export functions, which allow deriving data into standardized formats.

Data publishing tools can process raw dataiapmrts or publications to be further shared as
information for educational, decisianaking, policymaking purposes, which offer
additional form of information sharing.

The distinction of tools for sharing and publishing is becoming less important. iGaithn

they implement the same interoperability mechanisms. The distinction may lie in the ability
of a tool to offer functions for embargo, hiding sensitive details, and access control. In
general, data sharing tools aim at facilitate curating live deltéle publishing tools are
suited for making a frozen version of data permanently discoverable, and accessible.

We can also broadly group the tools irdestributed and centralized categories. The
distributed ones are being used and managed by the datadians themselves. The
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centralized ones are portals or shared repositories not managed by the data custodians, but by
an aggregator or publisher.

Tools can also be categorizedspgcializedor general purpose. Specialized tools have built
in support for biodiversity data types and data standards, whereas general purpose tools, e.g.
GIS tools and spreadsheets, can deal with more generic data.

The limitation and a possible problem of the approach odtlihere is in the word
Aspecial i zedo. There simply are not di strit
biodiversity data type (genomi c, occurrence,
for occurrence and species level data. The quesiavhether specialized tools are needed at

all for each data type.

Tools surveyed by EU BON

This report mainly focuses on data publishing and data sharing tools. As stated in the
introduction, there are also other tools like storage tools, data magaigmols, data capture

or portals/interfaces of some applications which the users can also consider as part of the data
sharing process. These tools are out of the scope of this report.

About 30 existing data sharing tools, commonly used in the natwgt@rhidomain, have
been evaluated by the EU BON community and results of their assessment are presented in
the following format:

0 Main usage, purpose, selected examples
0 Pros and cons of the tool

0 Recommendations

0 Tool status

A summarized overew of these tools is given in thA&nnex 1 and is available for
consultation onlin®. The list is not meant to be exhaustive, but rather as a snapshot of the
current state of art and as knowledge of the community relevant to data sharing tools. The EU
BON online repository is being regularly updated with additional tools, newly discoaeded
analyzed tools or newly developed tools. Therefore, this review can be used as a gap analysis
on tools that are required. For instance, there seems to be an absence of tools for sharing
habitat data.

This analysis did not start from scratch, but Wwased on a previous analysis of tools made in
the framework of the projects EDIT (European Distributed Institute of Taxorbragy
SYNTHESYS (Synthesis of Systematic Resourégs )

1 http://eubon.cybertaxonomy.africamuseum.be/dhtingtoolsrepository
42 hitp://www.etaxonomy.eu/
43 http://www.synthesys.info/
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4. 2ANOEOAI AT OO
User communities to be supported

To answer the needs of biodigity observation network, the data sharing tools should be
applicable to different types of data, for example tools specialized in species occurrence, that
should, in turn, be combined or made interoperable with tools specialized on habitat data. To
this end, aspects such as genetic and functional trait data should not be overlooked. In this
regard the tools used by EEA (European Environment Ag&hag)l LTER (The Long Term
Ecological Research NetwofR) are particularly useful. For species occurrerata the data
sharing tools of GBIf® adhering to the TDWG standards are widely used and very relevant.

EU BON, as stated in its DoW and Data Sharing Agreement, has close ties to GEOSS (The
Global Earth Observation System of SysteéthsJhe data sharing toots use should, to a

large extent, be compatible with the GEOSS community tools, and support observational,
guantitative data. The biodiversity community has some special requirements for data
sharing, which have been noted in the EU BON Data Sharing megrge This applies for
example to sensitive data that include localities of certain endangered species. Attention has
to be drawn here to the fact that there are some requests on embargo periods before the data
becomes publicly available. Care should destaso that the tools used provide mechanisms

to handle these special requirements.

In relation with the overall global GEO BON initiative, tools that are able to handle the Aichi
Targeté® and the Essential Biodiversity Variables (EBVAre needed to makke EU BON /
GEO BON platform for data sharing effective.

Different tools or sufficiently flexible tools will be needed to accommodate the different type

of users and their anticipated needs in terms of access to data and information for further
processingr decision making. These end users are for example test site managers, scientists
engaged in monitoring programs, modelers, decision and policy makers, as well as interested
citizens

Another general requirement is that the metadata description (filelata) should
automatically be assigned to all processed and published data or object. Thus a tool for data
sharing should guarantee persistent link between the metadata and data/object. This is very
important for the integrity of the information, to keepck of the origin of the data and
respect IPR statements, for example.

4 http://www.eea.europa.eu/

45 http://www.lternet.edu/

48 http://www.gbif.org/

47 https://www.earthobservations.org/geoss.shtml

48 hitp://www.cbd.int/sp/targets/

49 https://www.earthobservations.org/geobon_ebv.shtml
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Selected tools

Having thoroughly analyzed a range of modern biodiversity data landscape (D2.1) and the
identified data gaps (D1.2), followed by a comprehensive review of existing data sharing
tools, it was concluded that the choice of tools selected for implementatibwe [®J BON
project should be determined by the needs of the end users involved in biodiversity
observation. This is a large commuriitfrom amateur scientists (citizen scientists) exploring
and recording life around thewia their mobile devises, to remehes, and to decision makers
looking for processable and reliable data to build their reports and forecasts upon.

During the assessment phase, the number of tools that were identified for the purpose of data
handling and testing accumulated to the amdahait could barely be handled or supported by

the EU BON project alone. Instead, the EU BON consortium has identified the tools that will

be adapted, supported and distributed targeting the different groups of data providers. The
preference was giventodit r i but ed, controll abl e, and spec
in the chapter 3. This limits the choice of tools presented i die 1

With this scope, the status of the selected tools was analyzed and recommendations were
offered regarding e.gequired enhancements to support EU BON prioritized use cases (see
D2.1), the GEOSS Data Sharing Principles, and the EU BON Data Sharing Agreement.
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Table 1 List of selected tools.
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FP7-308454

Purpose | Data type User group Tool name Description of tool Operatin | Standard | Requirements for Testing results Link to the source, tutorials,
g supporte | implementation manuals
Systems | d
Data Occurrence Scientists, GBIF Integrated| Tool to publish and share Windows | DwC, Enhancement with the | Tested by different partners.| Download:
sharing, | data Publishing biodiversity data sets and , MacOS, | DwC-A, Event core to handle http://www.gbif.org/ipt
distribute | (collections, Monitoring sites | Toolkit (IPT) metadata through the GBIF Linux EML samplebased data. Several datasets from test
d taxonomy), network. Allows publication of sites are publistd: User manual:
Monitoring three types of biodiversity datd Darwin Core standard | http://www.gbif.org/dataset/s| https:/github.com/gbif/ipt/wiki/IP
data enriched with earch?q=&type=SAMPLING| T2ManualNotes.wiki
(including 1  primary occurrence data quantitative _EVENT
samplebased (specimens, observations measurements. Community site:
data) i species checklists and There is an ongoing http://community.gbif.org/pa/groy
taxonomies, discussion at GBIF ps/47949
f  samplebased data from community site on sample
monitoring programs based publishing.
Data Metadata Monitoring sites | DEIMS (Drupal | Drupal opersource, Windows | EML, Tested by CSIC. Datasets | Repositoryhttps://data.lter
sharing, | (Monitoring, Ecological collaborative platform, that , Linux ISO from Doflana LTER site are | europe.net/deims/
centralize | environmental Information provides a web interface for published.
d science, Management scientists and researchers' EML handbookhttps://data.lter
ecology) System) networks, projects and europe.net/deims/sites/datadter
initiatives with a metadata europe.net.deims/files/emlbestp
management and tasharing ctices2.0-FINAL -
system. 20110801_0.pdf
Data Data Scientists, Spreadsheet Windows Explore ways to generat{ DataUp is tested bipofiana | GBIF spreadsheet processor:
sharing Monitoring processors (e.g. , MacOS and deposit a metadata | site. http://tools.gbif.org/spreadsheet
and sites, Citizen Excel, GBIF file (in EML) by DataUP processor/
exchange, scientists spreadsheet and made data available]
distribute processor, for discovery and use (b
d DataUp , Dash) GBIF) for the public.
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Data Data and Scientists, PWT or Narrative (text) and data DwC, A new plugin developed| The AWT is fully operational] AWT: http://arpha.pensoft.net/
publishin | metadata Monitoring sites| ARPHA integrated publishing workflow, DwC-A, which makes it possible | and currently used by three
g Publishing launched to mobilize, review, to convert metadata into| Pensoft journals BDJ: http://bdj.pensoft.net/
Platform publish, store, disseminate, EML a manuscript for Biodiversity Data Jownal,
(Scholarl makeinteroperable, collate anc scholarly publications, | Research Ideas and Outcon] RIO: http://rio.pensoft.net
y re-use data through the act of with a click of a button. | and One Ecosystem .
publishin scholarly publishing. One Ecosystem:
), A possibility to eaily http://oneecosystem.pensoft.net
centralize import occurrence
d records into a taxonomid A tutorial for the use of ARPHA
manuscript in ARPHA. called ATrips 4
available on the website at:
An automatic export and http://arpha.pensoft.net
integration of PlutoF dat
into Pensof
platform via API.
Data Historical Scientists GoldenGATE A platform to store, annotate, DwC, Taxpub as domain DwC-A are routinely used td API:
mining data, data Imagine or access and distribute taxonom specific extension of the| trarsfer data from Plazi to http://plazi.org/wiki/Treatment_D
from TreatmentBank | treatments and the data object DwC-A Journal Article Tag Suite] GBIF since 2014; ata_Access
publications and DwC within. It offers with has been developped

GoldenGat€ and respective
XML schemas (Taxoni%,
TaxPuls) tools to convert
unstructured text into
semantically enhanced
documents vih an emphasis of
taxonomic data like treatmentg
scientific names, materials
observation, traits or
bibliographic references.

content of the

ontology is under
development.

model the semantic

biodiversity literature;
RDF and a treatment

(https://github.com/plazi

TreatmentOntologiek

TaxPub is used to import
publications from Pensoft of
Plazi;

GoldenGate conversion is
operational and successfully
used for conversions (Miller
et al.,, 2015).

GoldenGate Imagine software af
manual:
http://plazi.org/wiki/GoldenGAT
E_Editor
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Data Metadata , Scientists, Morpho Application designed to Linux, EML Explore using Morpho | Tested by CSIC and INPA. | https://knb.ecoinformatics.org/#t
sharing, | ecological Monitoring sites | Metadata Editor| facilitate the creation of PostGreS (editor) and Metacat ols/morpho
distribute | data (KNB) and metadata so that scientist can| QL (servers) for managing
d Metacat easily locate and determine thg ecological metadata to Morpho user guide:
nature of a wide range of data access and expose LTE https://knb.ecoinformatics.org/so|
sets. It interfaces with the sites /datasets. tware/dist/MorphoUserGuide.pdf
Knowledge Network for
Biocomplexity (KNB) Metacat Design feasibility test to https://knb.ecoinformatics.org/kn|
server. clarify and document the} b/docs/
requirements for
implementation. Metacat Administrator's Guide:
(http://knb.ecoinformatics.org/so
ware/dist/MetacatAdministratord
uide.pd)
Data Occurrence Scientists, PlutoF Platform,] Online service to create, X EML Implementing use of Tested by UTARTU, INPA | PlutoF:http:/plutof.ut.ee
sharing, | data Monitoring PlutoFAPI, manage, share, analyse and high-end devices to and in Israel.
centralize | (collections, | sites,Citizen mobilise biodiversity data. Dat: mobilize data from the
d observation, | scientists Mobile apps types cover ecology, taxonomy public, while focusing on
molecular), metagenomics, nature Android quality of data. App: On Google Play
monitoring conservation, natural history

data, metadata

collections, etc.

Page220f86


https://knb.ecoinformatics.org/#tools/morpho
https://knb.ecoinformatics.org/#tools/morpho
https://knb.ecoinformatics.org/software/dist/MorphoUserGuide.pdf
https://knb.ecoinformatics.org/software/dist/MorphoUserGuide.pdf
https://knb.ecoinformatics.org/knb/docs/
https://knb.ecoinformatics.org/knb/docs/
http://knb.ecoinformatics.org/software/dist/MetacatAdministratorGuide.pdf
http://knb.ecoinformatics.org/software/dist/MetacatAdministratorGuide.pdf
http://knb.ecoinformatics.org/software/dist/MetacatAdministratorGuide.pdf
http://plutof.ut.ee/
https://play.google.com/store/apps/details?id=com.gluecad.isawabutterfly&hl=en

Deliverable report2.2) EUBON FP7-308454

Enhancements required

In order to support the requirements of biodiversity observation, functional enhancements
were made to several tools as indicatedable 1. The GBIF IPT was enhanced by support

to quantitative monitoring data. The ARPHA Publishing Tool was develogedaimew
version from the predecessor PWT. For the TreatmentBank tool (former GoldenGate Imagine
tool), a domain specific extension has been developed to model the semantic content of the
biodiversity literature. For the PlutoF platform extended supparmidbile devices has been
developed. These and other enhancements have been described below.

Testing

The selected and enhanced tools were installed and extensively tested by EU BON partners
and particularly by the test sites. They were evaluated dueveya training workshops and
disseminated and discussed in the biodiversity informatics commuiaigommunity sites

and mailing lists

Testing by test sites:

Several test sites were established by EU BON, each representing different geographical
regions and ecosystems. Besides other functions they should play an important role in testing
and validation of EU BON concepts, tools and services.

Documenting datgets is an essential part of data integration. By describing the contents and
context of data files, metadata ensure the discoverability of data sets and allow early filtering
options before data analysis. Based on the WP5 document (MS513) descritkingltbé

data the test sites are producing, the evaluation of the available tools for documenting data
sets highlighted in MS231 ASpecification of
three promising alternatives) were deployed in the te=g silvn servers and were extensively
tested with their own data. The feedback was reported back to the consortium (MS517).

The test sites are producing huge amount of information on the functioning of ecosystems on
daily basis. These sites collect data @y different kinds (biotic, abiotic), different formats
(haplotype frequencies, species observations, environmental parameters, media files), at
various scales, and metadata (procedures, protocols, description of methods and campaigns).
Therefore, the dagnentation of this information, its standardization and integration to the
global observation network is an essential step in the workflow of any site, field station or
nature reserve.

An assessment of the data sharing tools included:

1 checks against pre-defined list of essential data elements sets fits with actual data
coming from the test sites;

1 suitability of different data elements to the jolefined EML/Darwin Core tags;
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1 check whether the tools have sufficient resolution to account for the dateeraents
previously made by EU BON partners;

1 ease of installation, in case the tool will be available on the podiaés it require a
registration, what are the conditions on data share and data use;

1 upload process: what file formats are supported} vehilne speed of data upload, can
the database be connected;

1 editing the information;

1 how complete are the metadata and other additional information from the test site, can
it be provided in standard format properly to document the data sets;

1 limitations,e.g. tool does not allow automatic adding of taxonomic lists;

1 defining the strengths and weaknesses of the tools to help new users to choose the one
that best fit into their data set documentation process;

1 user friendly;
1 support: technical and scientifassistance;

Also, useful tools provided by different biodiversity information facilities that may help the
process of data integration and analysis within the EU BON consortium were analyzed. It
considers both mobile applications and online tools thatamently widespread within the
biodiversity monitoring community. They are found under the umbrella of research projects,
monitoring teams, NGOs and citizen scientists associations. They are mainly based on the
number of technological advances implemeniedsmart devices such as PDAs, mobile
phones and tablets that allow including information related to the observations we make in an
automatic way (e.g. GPS position, gee f er enced pictures, dat e
growing number of biodiversity iofmation platforms offers the users a web portal
(sometimes + mobile app) where they can share their observations.

For a proper evaluation, the following aspects were analyzed:
i easyto use,
1 quick in recording,

9 allow the user to keep track of his/her aityilist observations) and ideally
group them to get a quick overview of the activity (individuals per species, per
area, etc.).

Conclusions and lessons learned are summarized in the document MS517 and taken into
account while implementing the tools.

Training:

To support biodiversity data mobilization and integration, EU BON pays attention to capacity
buil ding of biodiversity communities (e.g.
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involved in collecting and providing biodiversity informatiomcluding monitoring

initiatives (Wetzel et al., 201%) To overcome existing limitations and improve data
digestibility, EU BON has developed a training framework that includes supporting data
mobilization and interoperability at the user anstitutional level. A comprehensive training

program was implemented with a focus on data and metadata integration strategies, use of
standards and data sharing tools for institutional data and IT managers, researchers, citizen
scientists and monitoringrpgrams. Several technical (informatics) workshops have been

held on data standards and prototypes, e.g. of data sharing tools and the biodiversity portal. In
addition, interdisciplinary O6task forcesd su
setup to foster capacity building.

In the framework of training preparation MRAC has tested EU BON IPT using different
datasets. Therefore, the EU BON test sites were contacted and asked to provide their typical
sampling protocols and monitoring data to béeegively tested. Preliminary results of this
exercise were presented by MRAC and GBIF during the EU BON General meeting in
Cambridge (34 June 2015), also resulting in fruitful discussions on how to improve the tool.

Also PlutoF and related citizen scienapplications were subject of the trainings and hands
on sessions. The training outputs and user feedback were considered during further
tool/platform development and improvement.

In collaboration with the European Mediterranean Observation NetwieMOQpnet),
GoldenGATE has been taught and evaluate® (Bine 2015). User feedbacks have been
integrated to improve the tools.

Community feedback:

At the preparation stage for the trainings and as atpmaeing discussion platform the GBIF
Community Sit" was used. This is an open social networking platform targeted at GBIF
stakeholders and the biodiversity informatics community at large. To discuss and promote the
new IPT functionalities the sampbased publishing interest groimvas created aiming to
gather people interested in the subject of publishing biodiversity data coming from biological
sampling efforts. Groups like EU BON and GBIF have been pushing for a change in
biodiversity standards and tools to enable a more faithful representation oflétesmline.

The group also aims at facilitating the uptake of tools modifications by the community by
means of discussions, trainings, online supporting material etc. The questions raised during
the discussion are carefully investigated by tool devetopad if possible the changes are
implemented.

Partners of the EU BON are also subscribed to the public IPT mailing lists where users can
share their experience with the tool, indicate the bugs, ask for help, and exchange ideas.

Such community feedback @ important source of information which helps both developers
and users to solve many of the problematic issues, improve the product, transfer the

5010.1080/14888386.2015.1075902
51 http://community.gbif.org/
52 http://goo.ql/VCulg9
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knowledge and connect people all around the world, helping the scientific communication
and data mobilizatin.

5 )1 bl Al AT OAOET 1
This chapter provides a detailed description of the EU BON supported tools: specifications,

adaptations made and results of the testing followed by the recommendations on the
implementation of the tool in a real environment.

This desaption will be used to produce detailed workflows which should form an important
part of the EU BON Helpdesk aiming to support the users (data provider) by assisting them
on the data mobilization road (from choosing the standard, monitoring scheme or data sharing
tool to visualization and interpretation of published data).

GBIF Integrated Publishing Toolkit (I PT)

Tool description:

The GBIF IPT (Integrated Publishing ToolKit)is open source software widely used to
publish and share biodiversity datasets on the GBIF network and related networks. It uses the
standards Darwin Core (DwC) and Ecological Metadatagyuage (EML). Currently the IPT
support three core types of data: checklists, occurrences, and events, plus data set level
metadata. It is a communitriven tool and the new enhancements sponsored by the EU
BON project were widely discussed and assessethéyusery. It has multilingual user
interface and a very extensive supporting document&tidine IPT provides a service to
convert data set metadata into a draft data paper manuscript for submission toegipeer
journal (see chapter on PWT)Detailed information can be found at GBIF Sfte

Enhancements by EU BON:

The latest release from September 10th 2015 is the version 2.3. This version has been
developed together with the EU BON, in the form of the first prototype to test the handling of
samplebased data with several uses cases from the EU BON monitoring test sites.-Sample
based data are a type of data available from thousands of environmental, ecological, and
natural resource investigations. These can beofinstudies or continuous monitoring
programs. Such data are usually quantitative, collected after carefully designed sampling,
calibrated, and follow certain protocols so that changes and trends of populations can be
detected (O Tuama015).

53 http://eubon.cybertaxonomy.africamuseum.be/node/281 2#ovenlate xt=

5 http://www.gbif.org/ipt

%5 http://lists.gbif.org/mailman/listinfo/ipt

%6 https://code.google.com/p/ghifovidertoolkit/wiki/IPT2ManualNotes ?tm=6
5T http://www. gbif.org/publishingdata/datapapers

%8 http://www.gbif.org/ipt
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In version 2.3, a new core object, the samphlwvgnt is introduced. The Event is defined as

Afan action that occurs at a certain |l ecatior
to-many relational model, where a row in a (centcabetable can be linked to many rows in

one or more (surrounaly) extensiortables, Fig. 2) should facilitate encoding samgdased

data, and provide additional data types (biotic and abmia@ssociated extensions.

DARWIN CORE ARCHIVE STRUCTURE

1234.. | 1234.. |
- = _§ /n : J
5 / P etl
s +'Occurrence &7 7
\ ,/
A ¢
1234.. =
A } meta.xml E A
_« s I > Crms 7P
1234 = 1 3 >
Tarere | Event . DwC Archive
$ i — = 4 (" 2
3 1 v 4 P
6 I R
i e
1234.. |
EML.xml
Measurement =
-or-fact i

http://rs.tdwg.org/dwc/terms/guides/text/index.htm

Figure 2. Darwin Core Archive star schema, with the Event Core configuration.

In the core table, each row is a sample identified by a unique eventlD and other columns
hol ding sampling protocol, sample size, dat
extension table refer to a sampling event in the core (via eventID) arttdisaxa in the

sample together with associated quantity measurement. It also allows the use of a
AMeasuodmentso extension for the efficient e
associated with the event.

The Darwin Core vocabulary already prdes a rich set of terms, organized into several
classes (e.g., Occurrence, Event, Location, Taxon, Identification). Many of these terms are
relevant to describe samgbased data. Synthesizing several sources of input, a small set of
terms relating to santg data were identified as essential, some of which are already present
in the DwC vocabulary. Five new terms were ratified by TDWG (Biodiversity Information

Standards) on 19 March 2015.
Darwin Core terms for sampleased data (*Indicates new terms):

(0] eventD

0 parentEventID*
Page?270f86



Deliverable report2.2) EUBON FP7-308454

o] samplingProtocol

o] sampleSize*

0 sampleSizeUnit*

o] organismQuantity*

0 organismQuantityType*

Detailed information on how to configure core types and extensions can be found on the wiki
for IPT manuat’.

Testing and implementation:

Testing of thenew IPT functionalities attempted by several EU BON partners, test sites
themselves (including the comparison with other common data sharing tools), MRAC (in the
training preparation stage using the data from the test sites) and GBIF (who has assisted test
sites to actually publish several datasets).

Currently, all test sites manage to share information and data sets regarding biodiversity using
different systems and platforms: Rhil&in observatory (RMO), Sierra Nevada and Dofiana
belong to the LTER netwhywhere biodiversity information coming from these sites is being
uploade® information coming from Amvrakikos National Park, as well as other data sets
regarding marine biodiversity are being shared by HCMR via the MedOBIS region&t.node
Additional information is being shared by other regional and national networks as well as
owndeveloped/deployed systems such as Metacat (Sierra Nevada and INPA) or Institutional
web portals.

For the IPT testing purposes some of the sites (Dofiana, RMO) have used EUPBON
prototype, Amvrakikos and INPA have used their own IPT instances.

Comparison and evaluation of tools (DEIMS, IPT, DataOne) done by WP5 is discussed in
MS517. Regarding the IPT it is emphasized that it allows a very comprehensive
documentation of datsets, including monitoring protocols, taxonomic coverage and many
other details. Depending on whether the user is more or less reluctant to learn new tools and
procedures (DEIMS is easier), and depending on the length of its taxonomic coverage
(quicker in DEIMS), and whether taxonomic authority and checking are required (only
available in the GBIF IPT) one or the other are advised. It should be noted here that access to
a centralized DEIMS instance is not public, and a proper access should be obtained befo
starting sharing information. On the contrary, logging into a local instance of IPT is
straightforward.

%9 https://github.com/gbif/ipt/wiki/IPT 2ManualNotes.wiki#configuceretypesandextensions
80 http://data.ltereurope.net/deims/
61 http://lifewww-00.her.hcmr.gr:8080/medobis/
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One of the outputs of the testing phase was ¥ listfields for describing data sets and
proposed correspondence to relevant EML tags. Thisdishelp data providers to fill in the
metadata properly and fully.

The testing carried out by using data sets coming from daily test site activities, taking into
account data coming from different domains. Dofii@ogical station has for instance
performed testing with survey data (Coastal birds), Israel Butterfly Monitoring scheme with
data coming from their citizen science program, RMO has published terrestrial data
(Macrophytes and fresh water invertebrat@gyvrakikos was responsible for marine data
(benthos communities in lagoon environment), and Sierra Nevada tried out to publish
vegetation data from the forest monitoring.

Initially used as test data to prepare the trainings and to test the EU BON tBfiygpgpomost
of these data sets have been successfully published througi*GBtFthus enriched the
biodiversity information landscape with monitoring data giving a new prospects to data use.

Future developments:

GBIF has defined next action points to enhance the latest developments, especially the
introduction of the Event core (cited from the presentation of Donald Hobern at the GBIF
Nodes Madagascar meeting, 2015):

0 Monitor and report use of extension in network

O«

Develop visualizations to show temporal and geographic distribution of sample
based data

O«

Work with existing data publishers to expose extra elements from relevant
datasets

O«

Develop filters to access data for sampling events

O«

Feasibility studies for furtherisualizations

Also tags as keywords for EBV classes are under consideration. There has been also
discussion at TDWG how to develop the Darwin Core Archive (BAyGormat further.
Ontologies (such as BCO, OBOE) have been brought up as an alternative. Rungwo
hypothesis is that in the long run ontologies may be the solution, but for concrete data
exchange needs in near term sticking with the PAvformat is the practical and affordable
solution.

Tool status:

An EU BON instance of IPT is already in plaaehttp://euboript.gbif.org together with a
few test sample data sets expressed using an early iteration of the sample data model. The

52 http://www.ebd.csic.es/@nments/512028/0/Tabla+Consenso+Metadatos.pdf/91 1605724 1b88f0c-
fO0aff5b4060c
83 http://www.gbif.org/dataset/search?q=&type=SAMPLING EVENT
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latter is undergoing revisiobased on feedback from the EU BON partners. This instance
serves as the EU BON IPT Data Repository, linked to the EU BON Portal prototype.

Version 2.3 of the IPT is available for download in both compfleshd source cod@
versions.

DEIMS: Drupal Ecological Information Management System

Tool description:

DEIMS, Drupal Ecological Information Management System, is a Drupal based tool to
upload and share datasets providing their metadata. Basically, DEIMS is a Drupal installation
profile (a set of moduleand customizations) for storing, editing and sharing data about
biological and ecological research, providing as well forms to describe metadata according to
the EML model. DEIMS will help the user to fill in the metadata and provide external links to
the data. Each provider is responsible for maintaining the data updated and publicly
accessible, depending on the sharing agreements.

Developed in partnership between the US Long Term Ecological Research Network, the
University of New Mexico, the University dfuerto Rico, the University of Wisconsin, and
Palantir.net, DEIMS main objective is providing a unified framework for ecological
information management for LTER sites, biological stations and similar research groups.

DEIMS is not strictly a data or metaih sharing tool, as far as it is not straightforwardly
deployable in each providerés infrastructur
describe it as an ecological CMS, which needs a Drupal 7 instance deployed and configured
properly before stéing to install and configure DEIMS modules. This is indeed the main
disadvantage in comparison to other metadata sharing tools: it is not easy to deploy and set up
needing Drupal experts to configure the host Drupal 7 site according to the data provider
requirements.

Testing and implementation:

In the particular case of LTER Europe, they host a Drupal 6 website with DEIMS in&talled

as well as documentation, guidelines and training resources, as main dataset repository.
LTER-EU datasets are public, bthie forms to create and share their metadata are only
accessible to LTER sites. Some of the EU BON test sites are currently sharing datasets using
LTER-EU DEIMS, which are being harvested by-&it using the DEIMS EML harvest

list®”. A further upgrade to DIFIS + Drupal 7 is scheduled to start during March 2016, and

the stability of both the entire DEIMS site and the harvest list are still not guaranteed, as far
as the last versions of the modules are not strictly consistent with the previous DEIMS +
Drupal 6versions.

64 http://www.gbif.org/ipt/releases
8 https://code.google.com/p/ghiirovidertoolkit/source/checkout
% https://data.lteeurope.net/deims/

57 https://data.lteeurope.net/deims/eml/harveist-all.xml
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Future developments:

As an alternative, but not accessible for the moment, DEIMS metadata could be translated
into ISO-19139 metadata files and shared using a GeoNetwork repository, which could also
generate CSW endpoints, consumable by &lFurther tasks will be performed by LTER in
reference to this alternative, in order to provide publicly accessible site for GeoNetwork,
translation stylesheets and the service endpoints.

After the joint workshop in Granada, both EU BON and LTER agreezbilaborate and
share metadata among EU BON and LTER tools and sites. EU BON will provide feedback
about the integration of DEIMS in the EU BON registry, taking into account that
biodiversityrelated metadata must not be degraded during the translatioespes, and in

fact may need to be expanded with more detailed taxa information. LTER will provide EU
BON with feasible alternatives to extract metadata from DEIMS and related tools.

Tool status:

The platform is available dtttps://data.lteeurope.net/deims/ The datasets are public, but
the possibility to create the forms and share the metadata is only open for LTER sites.

Spreadsheet tools

Fairly often scientists without technical expertise useasheets as a database alternative.
Tabular data provides a great deal of flexibility in how data can be structured. However, this
flexibility also makes it easy to structure the data in a way that is difficult to reuse (White et
al., 2013).

Microsoft Excel, DataUp, Dash, and open source tools such as Libre Office or Open Refine
are software packages that enable the creation of spreadsheets or forms, provide simple data
comparison and analysis tools, and create graphs.

Proprietary formats siicas those used by Microsoft Excel (e.g., .xIs, .xIsx) can be difficult to
load onto other software or platform. In addition, these types of files can become obsolete,
because of for instance more recent versions of the software that no longer support the
original format (White et al., 2013). They lack reproducibility, version control and are in
general not suitable for big data processing. These issues can be partly solved if data are
stored in a format that can be opened by any type of software, i.Ble®xt

Open Refin& could be recommended as a powerful desktop application for data cleanup and
transformation to other formats. It has extended documentation and online supporting
tutorial€® and videos.

Data tables are ubiquitous in daily work of moriitigrsites. This why the EU BON test sites
were keen to test some of the tools and check whether these tools are able of properly map
fields or terms required by test sites to document their data sets (see MS517). So, the DataUp

%8 http://openrefine.org/
8 http://enipedia.tudelft.nl/wiki/OpenRefine Tutorial
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tool was tested with datatsecoming from monitoring studies run in the Dofiana National
Park.

DataUp is the tool developed by DataOne to help environmental scientists to upload files to a
repository for data management. It also includes a metadata editor. The tool allows to share
data sets and document them in a very simple way. It is very friendly and allows the user to
login by using Google, Facebook and Microsoft accounts. Afterwards, it gives the user the
possibility of entering additional personal and professional informatides Bf apparently

any format can be uploaded either by drag and drop them into the web browser or using the
file explorer. Documentation is very simple, including the name amaikof the provider,

the file date, title, keywords, abstract, project ti#ted data range description. An additional

tab allows the user to load metadata from file, mapping the table name, table description,
field name, field description, data type, and units. This is probably because it merely
constitutes a hosting service whenformation is accessible. DataUp is friendly and ¢asy

use application, however, the documentation is very basic, and it does not allow the sampling
protocol associated to data gathering to be also documented.

Recently, the Data Up is merged with neata sharing platform Da&hfrom University of
California to give support to the California Digital Library.

Recognizing that spreadsheets are common data capture/management tools for biologists and
that the Darwin Core terms lend themselves to represamtan the tabular format of
spreadsheets, three organizations, GBIF, EOL, and The Data Conservancy (DataONE
project), collaborated to develop the GBIF Darwin Core Archive Spreadsheet Prbcessor
usually just called "the Spreadsheet Processor."

The Spreasheet Processor is a web application that supports publication of biodiversity data
to the GBIF network using preonfigured Microsoft Excel spreadsheet templates. Two main
data types are supported: i) occurrence data as represented in natural histotipr®lbr
species observational data and ii) simple species checklists.

The tool provides a simplified publishing solution, particularly in areas wherebasdxd
publication is hampered by lelandwidth, irregular uptime, and inconsistent access. It
enabés the user to convert local files to a welbwn international standard using an
asynchronous webased process. The user selects the appropriate spreadsheet template
(metadata Kig. 3), species occurrence or checklist), completes it and then emailghié t
processing application which returns the submitted data as a validated Darwin Core Archive,
including EML metadata, ready for publishing to the GBIF or other netwogk4).

0 http://datapub.cdlib.org/2@109/12/dataugs-mergingwith-dash/
" http://tools.gbif.org/spreadshegtocessor/
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.00 | metadata-1 v1.xIs
# Home | layout | Tables | Charts | SmartArt | Formulas | Data | Review | | v
K19 108 &
| A [ E [ = [ D [ E [ F G H I [ J K I L M
Basic Metadata Required fisids are listed with an asterisk () next to the field labe! Research Project
it N

* Title

* Publication Date (MM/DD/YYYY) 3 (reauRE Ve

* Expected Citation N T [chation as you would bk o
sppear when the wor is

[ L
Lz | e
3 Universally Unigue Identifier (UUID) N 3 Lead Organisation ™ Country
il ~ - ~
| 5 |

cited.

* Abstract or concise description of
the dataset

s Additional information
5 Resource Language Metadata Language
10 |Resource URL j Resource Logo URL
|11 |Creative Commons Licensing Vel
12

N

.

13
| 14 People and Organizations
15 | Nole: select agent roles fram pulldown list (in rows 19-30)
16 FirstName ~ LastName  Organization Phone Email Homepage  Address City State/Province Country Zip/Postal Code |* Primary Contacl]
17 |* Resource Creator 3 Yes
* Metadata Author

 —

]
g
dddddiaaiiaas

s4 | Keywords and Coverage Lafitude and longitude values are Used (o create a
35 *bounding box’ containing the regian of interest.

36 |Regional Scope Bounding Box'_Decimal Lat. _Decimal Long.
37 |General Keywords Upper Left
38 | Keyword Thesaurus Lower right
Begin Date or Single Date

PRV

) |End Date
| |Taxonomic Keywords

References

Use the fields below to record bibliographic citations. Copy and paste additional rows o accommodate more citations.

e =) R

Cell B6 commented by David Shorthouse

Figure 3. Example of Metadata template

Received a
Select a template Fill it in Mail it to the processor publication-ready file Publish it

o

R =
Species Checklist E
— — 3 — irh —-
- —

v T _ = Darwin Core GRF

Archive file

Species Observations/Collection

Figure 4. The web based processor ingests a spreadsheet and outputs of a validated Darwin
Core Archive.

Future developments:

To extend number of templates for other data types (e.g. sdérapdel data) and adapt it to
the new DwC terms.
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Biodiversity Data Journal and ARPHA publishing platform
Tool description:

The Biodiversity Data Journal (BDJ)and associated ARPHA publishing platféfm
represent together a neyéneration, narrative (text) and data integrated publishing workflow,
launched to mobilize, review, publish, store, disseminate, make interoperable, collate and re
use data through the process of scholarly publishing. All thesegses are realized for the
first time within a single, authoring, pemview and publishing, online collaborative
platform.

The Biodiversity Data Journal is a novel, community pgegrewed, operaccess journal,
launched to accelerate mobilization,s#imination and sharing of biodiversiglated data of

any kind. All structural elements of the articles, that is text, descriptions, species occurrences,
data tables, etc., are treated, stored and downloaded as DATA in both human and-machine
readable forrats. The journal will publish papers on any taxon of any geological age from
any part of the world with no lower or upper limit to manuscript size, for example:

new taxa and nomenclatural acts

O«

O«

data papers describing biodiversigtated databases;

O«

local orregional checklists and inventories;

O«

ecological and biological observations of species and communities;

O«

identification keys, from conventional dichotomous to maticess interactive
online keys;

o

0 descriptions of biodiversityelated software tools.

ARPHA™ stands for Authoring, Reviewing, Publishing, Hosting and Archiving, all in one
place. It is an innovative publishing solution developed by Pensoft that supports the full life
cycle of a manuscript, from authoring and reviewing to publishing and disgemina
ARPHA consists of two interconnected workflows. A journal can use either of the two or a
combination of both Kig. 5): 1) ARPHAXML web-based authoring, peeeview and
publishing, and 2) ARPHAOC - Documentbased peereview and publishing. The XML
based workflow is currently used by three journals of Pers8ifbdiversity Data Journal,
Research Ideas and Outcomes and One Ecosystem. The seccbdsdde submission
workflow, is currently used by 12 journals published by Pensoft.

2 http://bdj.pensoft.net/
" http://arpha.pensoft.net/
" http://arphahub.com/

Page340f86


http://bdj.pensoft.net/
http://arpha.pensoft.net/
http://arphahub.com/

Deliverable report§2.2) EUBON FP7- 308454

External data &

metadata sources ARP HA = XM L

Start a manuscript in the ARPHA writing tool

XML - BASED JOURNAL PUBLISHING WORKFLOW

> > >

Writing Submission Peer review Production &

tool module platform publication

I > >

DOCUMENT - BASED JOURNAL PUBLISHING WORKFLOW

ARPHA - DOC

File(s) Submit a manuscript as document file(s)

conversion

Automated dissemination,
harvesting and archiving

Figure 5. ARPHA onsists of two integrated workflows: in ARPPXML, the manuscript is
written and processed via the ARPHA Writing Tool, and in ARBIGXE, the manuscript is
submitted and processed as document file(s).

The data publishing strategy of ARPHA aims at incregps$ine proportion of structured text
and data within the article content, so as to allow for both human use and machine readability
to the maximum possible extent. ARPHA was successfully prototyped in 2013 by the
Biodiversity Data Journal and the associddehsoft Writing Tool. The latter, together with

the documenbased Pensoft Journal System (PJS), has since been upgradethrezl and
re-branded into a generic ARPHA authoring, editorial and publishing platform. The core of
this novel workflow is a dtaborative online manuscript authoring module called ARPHA
Writing Tool (AWT). AWT's innovative features allow for upfront markup, atomization and
structuring of the fre¢ext content already during the authoring process, import/download of
structured dat into/from humasreadable text, automated export and dissemination of small
data, orthefly layout of composite figures, and import of literature and data references from
trusted online resources into the manuscript. ARPHA is also probably the waordd's fi
publishing system that allows submission of complex manuscripts via an API.

ARPHA provides:

0 Full life cycle of a manuscript, from writing through submission, revisions and re
submission within a single online collaborative platform;

0 Conversion of Darwi Core and other data files into text and vice versa, from text to
data;

0 Automated import of datatructured manuscripts generated in various platforms
(Scratchpads, GBIF Integrated Publishing Toolkit (IPT), DataOne data base,
authorsdéd databases) ;

(@]

Automated import of occurrence data from BOLD, iDigBio and GBIF platforms;
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O«

A set of predefined, but flexible, Biological Codes and Darwin Core compliant,
article templates;

O«

Easy online collaborative editing by-emthors and peers;

(@]

A novel, communitybasel and public, presubmission, prgublication and post
publication peereview processes.

Enhancement by EU BON:

The ARPHA Writing Tool was identified as one of the important EU BON products for data
mobilization and will be incorporated into the dpteblishing toolbox of the EU BON Portal.

A number of improvements of the tool were implemented as part of the project. A new plugin
developed as part of EU BON to a workflow previously developed by the GBIF and Pensoft,
and tested with datasets shared wlgloGBIF and DataOne, now makes it possible to convert
metadata into a manuscript for scholarly publications, with a click of a button. Pensoft has
currently implemented the feature for biodiversity, ecological and environmental data. Such
records are eitr published through GBIF or deposited at DataONE, from where the
associated metadata can be converted directly into data paper manuscripts within the ARPHA
Writing Tool, where the authors may edit and finalize it in collaboration withutbors and
peersand submit it to the Biodiversity Data Journal with another click.

Another new feature developed makes it possible to easily import occurrence records into a
taxonomic manuscript in ARPHA. This streamlines the authoring process and significantly
reduces lte time needed for creation of a manuscript. Substantial amount of documented
occurrence records awaiting publication are stored in repositories and data indexing
platforms, such as the Global Biodiversity Information Facility (GBIF), Barcode of Life Data
Systems (BOLD Systems), or Integrated Digitized Biocollections (iDigBio). A new upgrade
of ARPHA now allows by simply specifying an identifier (ID) in the relevant box,
occurrence data, stored at GBIF, BOLD systems, or iDigBio, to be directly insertatiento
manuscript. It all happens in the udeendly environment of the AWT, where the imported
data can be then edited before submission to the Biodiversity Data Journal or other journals
using ARPHA. Not having to retype or copy/paste species occurregoeds, the authors

save a lot of effort. Moreover, they automatically import them in a structured Darwiff Core
format, which can be easily downloaded from the article text into structured data by anyone
who needs the data for-use after publication.

Furthermore, a technical workshop on development of automated workflow between PlutoF
and ARPHA to streamline publication of PlutoF data through Biodiversity Data Journal was
held in November 2015, in Bulgaria. The workshop was attended by representdtives o
Pensoft and UTARTU. PlutoF is a biological data management system maintained by the
University of Tartu consisting of several modules/data objects: ecological molecular projects,
genomic data, citizen science, taxon occurrences, these projects, nigtorgl d¢ollections,

etc. The purpose of the workshop was to find technical solution for automatic export and

S http://arphahub.com/
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integration of PlutoF data into Pensoftds
publication in Biodiversity Data Journal. Furthermore, the mgetimed at discussing the
publication of >400,000 fungal Species Hypotheses in MycoKeys. Pensoft and UNITE team
have also discussed how to extend Pensoft taxon profile with information from PlutoF.

Testing and implementation:

Since its launch on 16th &eptember 2013 until February 2016, the journal has published
altogether more than 250 articles, of which 34 data papers and 10 software descriptions. The
journal has got more than 1,500 users and their number increases on a daily basis.

One of the majodata mobilization initiatives realized by ARPHA and BDJ is the publication

of data papers on the | argest European anin
6Contributions on Fauna Europaea' was | aunc
publication model was aimed to assemble in a single collection 57pdgiars on different

taxonomic groups covered by the Fauna Europaea project and a range of accompanying
papers highlighting various aspects of this project {@agdysis, design, taxonomic
assessents, etc.). The first two papers were published on 17 September 2014 and until the

end of 2015, 11 articles altogether have been published in BDJ (de Jong et al., 2014).

A tutori al for t he use of ARPHA <caléda:d AnTr i
http://arpha.pensoft.net

Tool status:

The AWT is fully operational and currently used by three Pensoft journBiediversity
Data Journal, Research Ideas and Outcéhsesl One Ecosysteth Newfunctionalities are
added continuously in line with the increased interest in publishing scientific data.

Future developments:

Enhancement of AWT and BDJ for traits data, and sample based Darwin Core compliant data
sets is envisaged for the near futlag well as development and implementation of tools for
visualization of genomic data. New article type templates are also scheduled, for instance
IUCN compliant species conservation profile. Also, currently, the BDJ and AWT are
constrained to be used magstly the biodiversity community, so expansion to other scientific
domains is in the forthcoming tasks of Pensoft IT department.

® http://rio.pensoft.net
™ http://oneecosystem.pensoft.net
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Plazi TreatmentBank and DwC
Tool description:

Pl a’? TreatmentBank provides access to, and makes taxonomic treatments and included
data of taxa citable by minting persistent identifiers. Taxonomic hame usages refer implicitly
or explicitly to a particular underlying concept of the applied name. In the latter case, a
spedfic section includes a documentation of the traits and distribution of a related group of
group of organisms (taxoff) called taxonomic treatment. There are millions of treatments in
the scientific literature, which form an extremely valuable source fofnration. These
treatments are increasingly linked to their underlying data, such as observation data, keys for
identifications or other digital objects, and very often they cite each other. Once semantically
enhanced, the data is a powerful source falyses an visualizations at any given level
(Miller et al., 2015). Often these are the only records of rare species and thus contribute
substantially to uncover the vast majority of biodiversity (Miller et al., 2015). There are two
bottlenecks to providingemantically useful modern Internet access at this level. The first is
that the vast majority are not even digitally available, or at most are parts of semantically
unstructured PDformatted documents. The second is that a substantial amount of the
literature is only accessible through a paywall or comes with restrictions on their use. With
the increasing wealth of digitized observation records, upon which most of the publications
are based, it becomes imperative to provide retro access to the treatonlamkgp them, and

to enhance them with links to the material referenced in them. The Plazi workilpvé) is

a tool to achieve this conversion within a legal framework (Agosti & Egloff, 2009).

™,
! Plazi
< Adobe SRS

text extraction store +
& markup access

Figure 6. The Plazi workflow (green) within EU BON.

"8 http://plazi.org

® http://bdj.pensoft.net/articles.php?id=5063
80 http://www.nchi.nlm.nih.gov/books/NBK47081/
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TreatmentBank covers this niche. It offers with Golden&ated respective XML schemas
(TaxonX®, TaxPuB® open source tools to convert unstructured text into semantically
enhanced documents with an emphasis on taxonomic data like treatments, scienéfic nam
materials observation, traits or bibliographic references (Miller et al.,; Zdtapano, 2010

A complementary source is the automatic, daily import of treatments from TaxPub based
publications (i.e. Pensoft family journals). Within EU BON, for a bemof ongoing Open
Access journals GoldenGate versions will be produced allowing automatic preprocessing the
conversion to minimize a human operator input. It provides a platform that can store,
annotate, access and distribute treatments and the dates otghin.

Within TreatmentBank annotations of literature to provide links to external resources, such as
specimens, related DNA samples on GenBank, or literature can be stored. Annotation can be
done at any level of granularity, from a materials citatmmnletailed tagging of specimens,
provision of details of the collectors, or provision of morphological descriptions even to the
tagging of individual traits and their states.

The use of persistent resolvable identifiers and the treatment ontology gllowsion of
RDF that supports machine harvest and logical analysis data, within and between taxa.

TreatmentBank provides access to data aggregators or other consuming external applications
and human users, including entire treatments to the Encyclopetite™, and observation
records to GBIF using Darwin Core Archivadsd. 7). The latter is implemented, whereby

for each new upload in TB, an update in GBIF is triggered.

Within EU BON, the GBIF pathway is the input of publication based daiacifically
observation records that are |linked to a tr.
activities Fig. 7).

A unique value of TreatmentBank to GBIF and EU BON is that approximately half of the
taxa are not covered within GBIF, and thuss icontribution to the vast majority of the rare or
little covered species (Miller et al., 2015).

8 http://plazi.org/?g=GoldenGate

82 http://plazi.org/?g=taxonx

83 https://github.com/tcatapano/TaxPub/releases
8 http://eol.org
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ds Tools Favorites Optons Help

PN W [ by o)

ExtractTo  Test View Delete Find

| |”§ 23A1465DDF212F 7DA589F41341B883FCC-2.2ip - ZIP j

K - Size Packed | Typ
o File folder
! | description. txt 5.999 TextDocument
|| distribution. txt 54 51 TextDocument
eml.xml 3.116 1.221 XML Document

~  media.txt 65.458 15.207 Text Document
= | meta.xml 11.694 2.333 XML Document
occurrences. txt 22.627 5.640 TextDocument
references. txt 11.580 1.212 TextDocument
7.836 1.367 Text Document

33 35 TextDocument

[Total 146.088 bytesin 9 file:

Figure 7. The implementation of Darwin Core Archive in Plazi to transfer treatment data.
Observation data described with Darwin Core terms.

TreatmentBanks a one of its kind. With the US Ef¥project, there is one complementary
workflow known that focuses on traits, that collaborates with Plazi. TreatmenBank is built
and maintained by highly skilled personnel, it is growing through regular input fromfRenso
synchronization with Zoobank and-itouse processing of articles. It is part of Plazi 1 Million
Treatment project to establish Open Access to the content of taxonomic publications by
developing various tools to convert new treatments.

TreatmentBanks complemented by activities regarding legal status of treatments and other
scientific facts, semantic developments, especially linking to external vocabularies and
resources, and use by a number of high profile operations (GBIF, EOL, EU BON, Pro
iBiospheré®, domain specific web sites). Currently 93000 treatments from 7633 articles are
available.

New technical requests can be met quickly, and Plazi has in recent years been on the
forefront to build interfaces to import data into GBIF, EOL or Map of Il(ife. DwC A).

Plazi uses RefBafik as a reference system for bibliographic references and is working in
close collaboration with Zenodo (Biosystematics Literature Community, BLt€)build a

8 http://biowikifarm.net/vbotknowtest/web/About BKP
8 http://www.proibiosphere.eu/

87 http://refbank.org/

8 https://zenodo.org/collection/usbiosyslit
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