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Access
Quiz

What is the taxonomic name of the Puer tea?

Provide as evidence: 
● Taxonomic name
● Digital copy  of the protologue of the taxon
● Evidence of holotype 
● Digital copies of the protologues of five 

synonyms
● Digital copies of the documentation of the 

synonymy
● Digital copy of the phylogenetic position of the 

taxon
● Time sheet including processing time

Prize:



The challenge

● Empiric science: all results published
● 500,000,000+ printed pages
● >> 1,000 journals publishing taxonomic content
● > 1,900,000 species described
● > 20,000,000+ taxonomic treatments
● approx. 18,000 new species discovered / year
● >> Millions of specimens identified by specialists 

(material citations)
● Billions of facts

BUT: only ca. 10-30% of the knowledge is digital.
Most is “unknown known knowledge”, not Digital 
Accessible Knowledge (DAK) 

Known biodiversity knowledge



Plazi

Take home points:

● Nothing in taxonomic publications makes sense except in the light of taxonomic 
treatments

● An identification of a specimen is only  complete with a link to a taxonomic treatment

● A material citation in a publication is the gateway to the knowledge about the 
specimen

● Automate as much as possible, curate as much as needed

● Be aware of the power and use of your data beyond domain: make use of semantic 
publishing



Rio Earth Summit 1992: Biodiversity crisis, 30 years ago

How many species do we lose?
How many species do we know?
How many species are on Earth?
What do we know about the species?



Measuring and monitoring biodiversity in the 90ties

Basic questions in any monitoring program:

● What taxon is it?
● How does it fit into the phylogeny and 

classification?
● What do I know about it?
● What is its distribution?

https://doi.org/10.5281/zenodo.11736

https://doi.org/10.5281/zenodo.11736


The impact of WWW in 90ties

Through antbase.org‘s digital 
library, access to this body of 
literature is worldwide, and it is 
actively used (>10,000 visits in 
one month only).

Before antbase.org, Harvard‘s Museum of Comparative Zoology could claim to be the only location with a complete 
set of ant systematics publications from 1758 - present.



2022: Immediate reuse of published data

2010: Taxonomy shifts up a gear: 
Zookeys introduced XML taxpub 
based semantic publishing doi
2013: Beyond dead trees: Bio- 
diversity Data Journal data 
publishing. doi

BUT: we still do not 
know what we 
know.

http://doi.org/10.3897/zookeys.50.543
http://biodiversitydatajournal.com/articles.php?id=995


Publishing specimen data: Material citation: access to data 
about a specimen (occurrence)

Holotype

GBIF species: https://www.gbif.org/species/1703942
GBIF occurrence: https://www.gbif.org/occurrence/3015409563 
BLR Taxonomic treatment: https://doi.org/10.5281/zenodo.4397319 
BLR Article: https://zenodo.org/record/4397315 
PDF: https://doi.org/10.11646/zootaxa.4820.1.4 

Occurrence = 
materials citation

https://www.gbif.org/species/1703942
https://www.gbif.org/occurrence/3015409563
https://doi.org/10.5281/zenodo.4397319
https://zenodo.org/record/4397315
https://doi.org/10.11646/zootaxa.4820.1.4


Data analytics

https://datastudio.google.com/u/0/reporting/947a8578-dfbb-4420-aac6-113e83a3a15c/page/p_2ev23pppnc?s=g0qfnzavdgs

https://datastudio.google.com/u/0/reporting/947a8578-dfbb-4420-aac6-113e83a3a15c/page/p_2ev23pppnc?s=g0qfnzavdgs


What do I know about one treatment?

The use of treatment citation

output
doi

Article stats                Treatment stats

https://tb.plazi.org/GgServer/srsStats/stats?outputFields=doc.uuid+doc.articleUuid+bib.year+tax.genusEpithet+tax.speciesEpithet+treatCit.citString+treatCit.name+treatCit.authority+treatCit.citYear+treatCit.citHttpUri&groupingFields=doc.uuid+doc.articleUuid+bib.year+tax.genusEpithet+tax.speciesEpithet+treatCit.citString+treatCit.name+treatCit.authority+treatCit.citYear+treatCit.citHttpUri&orderingFields=treatCit.citYear&FP-doc.uuid=B82187B6FFA4FFF50F2AFCCA8FBFF662&format=HTML
https://doi.org/10.5281/zenodo.3531717
https://tb.plazi.org/GgServer/dioStats
https://tb.plazi.org/GgServer/srsStats


data liberation infrastructure FAIR Digital 
Objects

FAIR Digital 
Objects

FAIR Digital 
Objects



Plazi - Zenodo - GBIF

An example of fully automated processing
Life demonstration  to the Flemish government, September 13, 2021

● Original article: https://doi.org/10.11646/zootaxa.5032.4.6 
● Zenodo article deposition: https://zenodo.org/record/5499090#.YTtdHJ0zb8A
● Zenodo figure deposition: https://zenodo.org/record/5500033#.YTtdMJ0zb8A
● Zenodo/BLR treatment deposition: https://doi.org/10.5281/zenodo.5500037 (see the custom metadata)
● TreatmentBank article: https://treatment.plazi.org/GgServer/summary/C154DB54FFA9B65D2460FFED5F578933
● TreatmentBank treatment (HTML): http://treatment.plazi.org/id/3D6DA32C-FFA1-B655-24F7-FDAA5C4F8EC3
● TreatmentBank treatment (JSON): https://zenodo.org/record/5500037/export/json
● TreatmentBank stats: 

https://tb.plazi.org/GgServer/dioStats/stats?outputFields=doc.articleUuid+doc.doi+doc.zooBankId+doc.gbifId+doc.zenodoDepId+bib.s
ource+cont.pageCount+cont.treatCount+cont.treatCountDoi+cont.treatCitCount+cont.matCitCount+cont.figCount+cont.figCountZen+
cont.bibRefCount&groupingFields=doc.articleUuid+doc.doi+doc.zooBankId+doc.gbifId+doc.zenodoDepId+bib.source&FP-doc.article
Uuid=C154DB54FFA9B65D2460FFED5F578933&format=JSON

● GBIF dataset ID: https://www.gbif.org/dataset/8f239084-30f3-4a6c-ba97-3eb65356beb5
● GBIF occurrence data set: https://www.gbif.org/occurrence/search?dataset_key=8f239084-30f3-4a6c-ba97-3eb65356beb5
● GBIF occurrence data set, holotypes only: 

https://www.gbif.org/occurrence/search?dataset_key=8f239084-30f3-4a6c-ba97-3eb65356beb5&type_status=HOLOTYPE
● GBIF species pages: 

https://www.gbif.org/species/search?dataset_key=8f239084-30f3-4a6c-ba97-3eb65356beb5&origin=SOURCE&status=ACCEPTED&
advanced=1

● Ocellus (Bilder in BLR): 
https://ocellus.info/images.html?q=%2210.11646/zootaxa.5032.4.6%22&size=30&page=1&communities=biosyslit  

● Synospecies (Synoynym triple store): https://synospecies.plazi.org/#Kiotina+spatulata 

https://doi.org/10.11646/zootaxa.5032.4.6
https://zenodo.org/record/5499090#.YTtdHJ0zb8A
https://zenodo.org/record/5500033#.YTtdMJ0zb8A
https://doi.org/10.5281/zenodo.5500037
https://treatment.plazi.org/GgServer/summary/C154DB54FFA9B65D2460FFED5F578933
http://treatment.plazi.org/id/3D6DA32C-FFA1-B655-24F7-FDAA5C4F8EC3
https://zenodo.org/record/5500037/export/json
https://tb.plazi.org/GgServer/dioStats/stats?outputFields=doc.articleUuid+doc.doi+doc.zooBankId+doc.gbifId+doc.zenodoDepId+bib.source+cont.pageCount+cont.treatCount+cont.treatCountDoi+cont.treatCitCount+cont.matCitCount+cont.figCount+cont.figCountZen+cont.bibRefCount&groupingFields=doc.articleUuid+doc.doi+doc.zooBankId+doc.gbifId+doc.zenodoDepId+bib.source&FP-doc.articleUuid=C154DB54FFA9B65D2460FFED5F578933&format=JSON
https://tb.plazi.org/GgServer/dioStats/stats?outputFields=doc.articleUuid+doc.doi+doc.zooBankId+doc.gbifId+doc.zenodoDepId+bib.source+cont.pageCount+cont.treatCount+cont.treatCountDoi+cont.treatCitCount+cont.matCitCount+cont.figCount+cont.figCountZen+cont.bibRefCount&groupingFields=doc.articleUuid+doc.doi+doc.zooBankId+doc.gbifId+doc.zenodoDepId+bib.source&FP-doc.articleUuid=C154DB54FFA9B65D2460FFED5F578933&format=JSON
https://tb.plazi.org/GgServer/dioStats/stats?outputFields=doc.articleUuid+doc.doi+doc.zooBankId+doc.gbifId+doc.zenodoDepId+bib.source+cont.pageCount+cont.treatCount+cont.treatCountDoi+cont.treatCitCount+cont.matCitCount+cont.figCount+cont.figCountZen+cont.bibRefCount&groupingFields=doc.articleUuid+doc.doi+doc.zooBankId+doc.gbifId+doc.zenodoDepId+bib.source&FP-doc.articleUuid=C154DB54FFA9B65D2460FFED5F578933&format=JSON
https://tb.plazi.org/GgServer/dioStats/stats?outputFields=doc.articleUuid+doc.doi+doc.zooBankId+doc.gbifId+doc.zenodoDepId+bib.source+cont.pageCount+cont.treatCount+cont.treatCountDoi+cont.treatCitCount+cont.matCitCount+cont.figCount+cont.figCountZen+cont.bibRefCount&groupingFields=doc.articleUuid+doc.doi+doc.zooBankId+doc.gbifId+doc.zenodoDepId+bib.source&FP-doc.articleUuid=C154DB54FFA9B65D2460FFED5F578933&format=JSON
https://www.gbif.org/dataset/8f239084-30f3-4a6c-ba97-3eb65356beb5
https://www.gbif.org/occurrence/search?dataset_key=8f239084-30f3-4a6c-ba97-3eb65356beb5
https://www.gbif.org/occurrence/search?dataset_key=8f239084-30f3-4a6c-ba97-3eb65356beb5&type_status=HOLOTYPE
https://www.gbif.org/species/search?dataset_key=8f239084-30f3-4a6c-ba97-3eb65356beb5&origin=SOURCE&status=ACCEPTED&advanced=1
https://www.gbif.org/species/search?dataset_key=8f239084-30f3-4a6c-ba97-3eb65356beb5&origin=SOURCE&status=ACCEPTED&advanced=1
https://ocellus.info/images.html?q=%2210.11646/zootaxa.5032.4.6%22&size=30&page=1&communities=biosyslit
https://synospecies.plazi.org/#Kiotina+spatulata


Biodiversity Literature Repository
                                                Repository for data liberated from publications
                                                       453,000 images
                                                       72,000 articles
                                                      400,000 taxonomic treatments
                                              Collaboration with Zenodo /CERN
                                              Recognized as EU research infrastructure

Mints DOI for treatments and figures

TreatmentBank
                                             Data conversion and access service
                                                          73,000 articles
                                                         762,000 taxonomic treatments
                                                     1,118,000 materials citations                                                   
                                                           >50% of annually described new species
                                                          production in 2021: 25,000 articles, 224,000 treatments, 180,000 images

Infrastructures maintained by Plazi



Global Biodiversity Information Facility 
                                                Reuse of treatment articles mediated by Plazi
                                                      39,700 treatment article data sets (58% of total data sets in GBIF)
                                                      377,000 taxonomic treatments (90,000 unique species)
                                                      224,000 figures
                                                      591,000 materials citations (occurrences)
                                                           The figures are lower in GBIF because of Quality Control measures

In comparison to what’s in TreatmentBank
                                             Data conversion and access service
                                                          73,000 articles
                                                         762,000 taxonomic treatments
                                                     1,118,000 materials citations                                                   
                                                           >50% of annually described new species
                                                          production in 2021: 25,000 articles, 224,000 treatments, 180,000 images

The lower number in GBIF is due to quality control and minimal standards for data targeted for GBIF.

Plazi mediated data in GBIF



Next steps: getting the crowd involved
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Biodiversity domain specialist input

IT domain specialist input

This is a very expensive effort, has to be shared by partners avoiding duplications as much as possible,  and needs be 
avoided by changing the way we publish. 



Community Community 

Global  biodiversity data liberation service

Publisher
Biodiversity Heritage Library
Community

Vision



Next steps: annotations by the crowd

Source

https://ejt.biodiversity.hasdai.org/records/yn2w0-y9v84


Plazi: goal

Discovering known biodiversity
Create a list of the Earth’ known taxa, and related digital accessible knowledge embedded in scholarly publications  as 
open findable, accessible, interoperable and reusable data  about the Earth’s species (FAIR digital objects), as input to 
the biodiversity  knowledge graph, liberated from scholarly publications.

Digital accessible knowledge in biodiversity (DAK)
● Data understandable by human and actionable by  machine reflecting the growth of our knowledge and 

interdependence. 
● Editorial structure including textflow, paragraphs, sections such as title, authors and affiliations, materials and 

methods, etc., tables, figures, bibliographic references and their citations in the text.
● Semantic annotated (e.g. using TDWG standards) data at the base of the biodiversity  knowledge graph: 

○ data about a taxon (taxonomic treatments with their nomenclature section) 
○ cited previous treatments (treatment citations) 
○ cited specimens (material citations) 
○ named entities (persons, taxonomic names, accession -, collection -, institution - or specimen codes
○ attributes including their persistent identifiers



Annotations are context, defining the role of named entities

Publication

Person:                              role
Public.  author, authority, collector

PublicationPublication

Person:                           role
Publication                         
Treatment     authority, collector

Person:                            role
Publication                    
Treatment                  
Material citation         collector

Treatment Treatment

Material citation



Linnaeus 1758

Bee example, Name and Treatment

Digital Accessible Knowledge: Treatment

Tens of millions exist as part of ca 500 Million 
published pages of biodiversity literature
Each includes a plethora of facts

Apis mellifera L.

Linnaeus, 1758
4,819 taxa



Treatment citation: Catalogue of life

https://synospecies.plazi.org/#Kiotina+spatulata 

Currently accepted name

Original name or new combination

Synonymized taxonomic name

Missing treatment

https://synospecies.plazi.org/#Kiotina+spatulata


Published materials citation links

Bi-directional linked data: access to anything from 
anywhere

Collecting event

Treatment

Taxonomic name
authority

author

collector

Journal

https://doi.org/10.30848/PJB2021-5(1) 

Imagine the possible applications enabling making use of this big data?
Imagine the time saved if all these links are hyperlinks?

ORCID: 0000-0002-9470-2120

ORCID: 0000-0002-9470-2120

DOI: 10.5281/zenodo.4679879

DOI: 10.30848/PJB2021-5(1)

GBIF ID: 180990406

ORCID: 0000-0002-9470-2120

Pakistan Journal of Botany

Exemplar links only

GrSciColl: 9e5155b9-f85b-4f99-a142-9a69e6d621d8
Index Herbrariorum: 125646

GBIF ID: 3070917303

Material citation

https://doi.org/10.30848/PJB2021-5(1)
https://orcid.org/0000-0002-9470-2120
https://orcid.org/0000-0002-9470-2120
https://doi.org/10.5281/zenodo.4679879
https://doi.org/10.30848/PJB2021-5(1)
https://www.gbif.org/species/180990406
https://orcid.org/0000-0002-9470-2120
http://pakbs.org/pjbot/
https://www.gbif.org/grscicoll/collection/9e5155b9-f85b-4f99-a142-9a69e6d621d8
http://sweetgum.nybg.org/science/ih/herbarium-details/?irn=125646
https://www.gbif.org/occurrence/3070917303


Results

Focus on data in 
publications:
What’s inside?
Citation network



AccessLinking

BiCIKL: Linking  and access

Treatments / 
Literature

Genes / 
Omics

Taxonomic 
namesspecimens

openBioDiv
(structured 
data)

Fair data 
place 
(all data)



Linking specimens and literature via material citations

Bidirectional linking 
        material citations                                                                                      specimens / occurrences

Pilot matching service (link)

https://candy.hesge.ch/eBioDiv/demo/


Linking specimens and literature via material citations



Linking specimens with material citations

link

https://candy.text-analytics.ch/eBioDiv/demo/?institutionKey=08ccd767-4afc-4023-ab55-7a7c34295e93&datasetKeys=7f49442f-c382-4ea6-86ee-ed35afdb1aa0&format=matcit_specimen&occurrenceKey=3012376301


2022: Building a bridge between biodiversity and bioinformatics

2010: Taxonomy shifts up a gear: 
Zookeys introduced XML taxpub 
based semantic publishing doi
2013: Beyond dead trees: Bio- 
diversity Data Journal data 
publishing. doi

BUT: we still do not 
know what we 
know.

http://doi.org/10.3897/zookeys.50.543
http://biodiversitydatajournal.com/articles.php?id=995


Bridging domains: Get treatments into the bioinformatics world

source

Treatment imported as 
TaxPub/JATS to Swiss 
Institute of Bioinformatics 
Library Service (SIBiLS).

Bioinformatics: Access to 
biodiversity data

Biodiversity Informatics: 
Access to tools to annotated 
and text and data mine 
treatments (e.g. biotic 
interactions terms)

http://denver.hesge.ch:5601/s/ebiodiv/app/discover#/doc/28183110-cba1-11ec-86b2-cb739d661041/baseline_alpha?id=http:%2F%2Ftreatment.plazi.org%2Fid%2F011D87C1FFC1CD711FBFFB9DE3D5FE4D


Origin of Digital Accessible Knowledge (DAK)
analogue digital

Printed 
publication

Scans
(Images)

Text (eg 
OCR) PDF

Scanned 
(Image) 
PDF

Semantic 
annotated 
txt/XML

Editorial 
structured 
txt/XML

Attributed 
annotated 
txt/XML

Structured 
Born digital 
PDF

Structured 
Born digital 
txt/XML

Attributed 
born digital 
txt/XML

DAK
Attributed 
born digital 
txt/XML1 2 3 4 5 6 7 12

Born digital 
PDF

8

9

10

11

The technical requirements to create DAK
Recommendations from the COST 
MOBILISE project, in preparation



Legacy 
publications

Prospective 
publishing



Thank you!
         Questions, answers, participation     https://github.com/plazi/community 
         Introduction to digitizing taxonomic literature with Plazi                     DOI
         
     
         Donat Agosti                                                                  agosti@plazi.org 
                                                         

datafutures

https://github.com/plazi/community
https://doi.org/10.5281/zenodo.5570972
mailto:agosti@plazi.org


Appendix



Further reading: 
- Plazi: further reading
- Pensoft: doi: 10 .3897/zookeys.50.543 (e.g. Zookeys, BDJ)
- CETAF: doi: 10.5252/adansonia2018v40a1 (e.g. European Journal of Taxonomy)

Data usage:
- Rivera-Quiroz et al. 2020, doi: 10.1038/s41598-020-72549-8
- Dikow & Agosti, 2015, doi: 10.3897/BDJ.3.e5707 

Data access: 
- Brief introduction into Treatmentbank stats: PDF
- Treatment statistics: https://tb.plazi.org/GgServer/srsStats 
- Article statistics: https://tb.plazi.org/GgServer/dioStats 
- Biodiversity Literature Repository API introduction: https://developers.zenodo.org/ 
- Biodiversity Literature Repository: https://zenodo.org/communities/biosyslit/search?q= 

Applications based on and reuse of TreatmentBank and BLR data:
- Images via Ocellus: https://ocellus.info/ 
- Treatment citations via Synospecies: https://synospecies.plazi.org/  
- TreatmentBank data in GBIF: https://www.gbif.org/publisher/7ce8aef0-9e92-11dc-8738-b8a03c50a862 

Linking specimens and literature via material citations

http://plazi.org/activities/publications/
http://doi.org/10.3897/zookeys.50.543
https://doi.org/10.5252/adansonia2018v40a1
https://doi.org/10.1038/s41598-020-72549-8
http://dx.doi.org/10.3897/BDJ.3.e5707
https://drive.google.com/drive/u/1/folders/0B_yrQwn4yBySNmVQQWIxQVlVUVU?resourcekey=0-vMSb7YGoebBSFI_fiR6s7w
https://tb.plazi.org/GgServer/srsStats
https://tb.plazi.org/GgServer/dioStats
https://developers.zenodo.org/
https://zenodo.org/communities/biosyslit/search?q=
https://ocellus.info/
https://synospecies.plazi.org/
https://www.gbif.org/publisher/7ce8aef0-9e92-11dc-8738-b8a03c50a862


Plazi

Plazi is a Swiss based international association supporting and promoting the development of persistent and 
openly accessible scholarly digital taxonomic publications

NGO, SME owned by the NGO; Founded in 2008 as spin-off from a former US/DFG binational digital library 
award (2003-06); Supported by service contracts, EU-research funding, philanthropic funds, voluntary 
contributions. Plazi GmbH SME as service provider.

13 persons working for Plazi in Brazil, France, Germany, Spain, Switzerland, USA 

Collaborations with Global Biodiversity Information Facility (GBIF), Zenodo at CERN, Pensoft Publishers Ltd, 
Consortium of European Taxonomic Facilities (CETAF), Swiss Institute of Bioinformatics (SIB), National Center 
for Biotechnology Informatics (NCBI), Muséum nationale d’Histoire Naturelle, Paris, Data Futures.

Support from Arcadia Fund, EU projects, service contracts, and  voluntary contributions.

A mission of Plazi is to discover, make accessible, and disseminate known biodiversity data, not 
publications per se and to promote semantic enhanced publishing (TaxPub/JATS).

https://plazi.org

