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Abstract: There is a variety of taxonomic and nomenclatural databases, curated at different intervals and using different criteria to
decide which species names are listed as accepted and which are considered synonyms. Botanical collections, such as herbaria or
botanical gardens, maintain data that link names to plant material. The choice of the used database affects the naming of the plant
specimens. If data from different institutions are to be matched, inconsistencies may arise. A solution that allows the use of differ-
ent databases side by side would be beneficial in our opinion. The linking of botanical taxonomic and nomenclatural datasets by
utilizing standardized Semantic Web technologies allows the coexistence of several lists. In this study, we conducted a mapping of
The Plant List, World Flora Online, and the Integrated Taxonomic Information System provided in Darwin Core Archive files to the
Simple Knowledge Organization System and created an interlinked version of these datasets. The developed graphical user inter-
face visualized the contents of the included taxonomic databases. The usefulness and usability of the GUI were positively evaluated

in interviews with five scientific employees and curators of four different botanical gardens.
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Introduction

All over the world, botanical gardens cultivate plant spec-
imens. Herbaria store over 390 million specimens (Thiers
2023+) for the purposes of research, education, and con-
servation. An important information about the speci-
mens is their scientific name and their respective family.
Taxonomic experts working in the respective institution,
scientific employees, and curators of the botanical col-
lections decide which taxonomic and/or nomenclatural
list is used to apply the names to the specimens. Depend-
ing on the source, the cornflower has either the accepted
name Centaurea cyanus L. (e.g. POWO 2023) or Cyanus
segetum Hill (e.g. Euro+Med PlantBase, Greuter 2006+).
In common German identification literature, the accepted
genus for the cornflower changed from Centaurea L. to
Cyanus Mill. (Seybold 2009; Parolly & Rohwer 2019).
Even while conducting this study, the accepted genus
changed in the World Flora Online contrarily to the men-
tioned identification literature due to the update of the
Asteraceae family through the respective taxonomic ex-
pert network (WFO 2023). The publication date and the
source are therefore important characteristics of the pub-
lished names.

Several approaches unite existing publications and
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taxonomic experts’ evaluations (Banki & al. 2019; Borsch
& al. 2020; Govaerts & al. 2021) and are building large,
easily accessible checklists (Godfray 2002). Additional-
ly, a workflow that allows cross-talking between impor-
tant checklists shall be established in the future (Schel-
lenberger Costa & al. 2023). Other publications present
concepts and prototypes for merging taxonomic and/or
nomenclatural databases (Ytow & al. 2001; Laurenne &
al. 2014; Michel & al. 2017) and for the preservation of
changes throughout time (Chawuthai & al. 2016; Kohl-
becker & al. 2021). Nevertheless, in our experience, it is
not sufficient to assess a single taxonomic database in the
day-to-day work in a botanical collection.

Checking the scientific name in various lists becomes
relevant for instance, when plant material is exchanged
between botanical collections working with different tax-
onomical sources. Some specimens might have a name in
the local database that was accepted several years ago but
has changed now. This can be caused by an irregular up-
date of both the applied names in the local databases and
the underlying taxonomic and/or nomenclatural data set.
Existing name resolution services (Wagner 2016; Grenié
& al. 2023) can check against a single taxonomic dataset,
but do not allow the coexistence of different synonyms
caused by the use of different databases in botanical col-
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lections. Another example is the use of plant material in
teaching. A botanical garden might choose to abide to the
latest version of the World Flora Online and to name the
cornflower Centaurea cyanus. In case of German identi-
fication courses, the garden would have to keep the name
Cyanus segetum, nevertheless, to agree with the respec-
tive identification literature. Furthermore, a botanical col-
lection might be required to follow an older taxonomic
and nomenclatural database for the curation of herbarium
specimens.

We suggest accepting the coexistence of several tax-
onomies and supporting the concurrent search within
them. We propose a mapping model for the purpose of
searching within accepted names in different taxonomic
and nomenclatural datasets. Our model puts the different
databases next to each other without judging the data-
bases or the resulting meta-taxonomy, or defining one of
them as the ultimate truth.

For our study, we selected three representative taxo-
nomic databases, namely The Plant List (TPL, The Plant
List 2013), the World Flora Online (WFO, Borsch & al.
2020) and the Integrated Taxonomic Information System
(ITIS, Integrated Taxonomic Information System 2021).
We defined a lightweight mapping between the concepts
in the taxonomies and created a prototypical search GUI
for our system. We conducted a user study with scien-
tific personnel from German botanical gardens to evalu-
ate whether there is a need for the described system and
whether the prototype would be a helpful tool in every-
day work life.

Material and methods

We defined a mapping of existing taxonomic datasets to
the Simple Knowledge Organization System (SKOS) to
publish the datasets on the web but maintain them sepa-
rately. The mapping was conducted on the levels of the
scientific species and family names for this first version.
Additional information such as the orders or subspecies
could be included in an updated version. The mapping
was used to interlink the datasets with a matching algo-
rithm and visualize the contents in a graphical user in-
terface.

Datasets

Three datasets were selected for the use in our prototype.
They were chosen following discussions at the authors’
institution. Although it has been static since 2013, TPL
was, to our knowledge, still used as source for accepted
names by botanical gardens in 2021. The WFO (WFO
2021) is used as a source for taxonomic information
in botanical gardens and, as successor of TPL, there
had to be an overlap between the datasets of TPL and
WFO. This secured the functioning of the mapping. The
similarity of TPL and WFO allowed to check whether
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Table 1. Number of concepts and relations within three con-
sidered databases and added, cross-taxonomy relations within
prototype.

TPL WFO ITIS

Concepts 1,334,558 1,329,050 146,605
Relations 1,965,401 1,984,117 216,341 1,706,646

Cross-taxonomy

the matching algorithm operated as it should. ITIS in-
cludes documented taxonomic information of multiple
kingdoms. ITIS was chosen for this study because it was
one of the first projects organizing taxonomic informa-
tion online and because it is part of the GBIF Taxonomy
Backbone (GBIF Secretariat 2022) and the Catalogue of
Life (Banki & al. 2019).

We focused on the presented three datasets for our
proof of concept and the user study. ITIS was assessed on
July 12th, 2021, TPL was assessed on July 16th, 2021, for
TPL, and WFO was assessed on November 22nd, 2021,
respectively. About a fourth of the taxon entries were ac-
cepted names in TPL and WFO (number of taxon entries
in Table 1). Other databases such as the World Checklist
of Vascular Plants (WCVP, Govaerts & al. 2021) or the
Leipzig Catalogue of Vascular Plants (LCVP, Freiberg &
al. 2020) were not considered in this work but could be
easily integrated in future versions.

Mapping the taxonomic databases to SKOS

The mapping of the taxonomies for the use in our proto-
type was based on the Simple Knowledge Organization
System (SKOS, W3C 2009), a W3C standard to link and
share taxonomic information online. SKOS was chosen
as representation format due to its versatility to model
taxonomies. The standard is used in various disciplines
such as agriculture, social sciences or economics. Basing
a wrapper on SKOS therefore has the additional benefit
that other, existing SKOS-based thesauri, as databases
from medical institutions or the Wikipedia, could be con-
nected to each other and to the presented model.

The mapping modelled taxonomic entries as concepts
and their relations. We performed an exact matching of
the scientific names, to create cross-taxonomy relations.
We chose not to apply fuzzy matching because it is not
possible to automatically decide when names only con-
tain typing errors and when the names are synonyms. Al-
though we noticed some typing errors in taxon names,
the scientific names provided by the databases were reli-
able and comparable for the main part of the data (see
also Schellenberger Costa & al. 2023). The number of
additional relations created through this matching were
1,706,646 cross-taxonomy relations (Table 1). We used
Skosify, a framework to validate and enhance SKOS vo-
cabularies (Suominen & Hyvonen 2012), to assess the
quality of the mapping of the taxonomies. The mapping
was conducted with the goal to have an integrated tax-
onomy that could be used for the search in the prototype
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Fig. 1. Scheme of concepts, i.e. family (F ) and species (S,) names, in three databases (T, ) with resulting edges and synonym rela-
tions. Solid lines: edges between concepts without botanical synonyms. Dashed lines: edges between synonyms. Synonyms on
species level are represented with two indices: first index represents the species; enumeration within second index represents the
synonym. A concrete corresponding subgraph can be found in Supplementary Fig. S1.

and evaluate it with experts. It does not assess whether
the mapping between taxa in the three taxonomic data-
bases was correct.

The three taxonomic databases were provided as Dar-
win Core Archive files (Wieczorek & al. 2012). These
archives consist of one or more Tab-Separated-Value
(TSV) files and an XML metafile. While the TSV files
store the actual taxonomic and nomenclatural informa-
tion, the metafile describes which Darwin Core Terms are
represented. A Darwin Core Term represents the column
description of the dataset (Darwin Core Maintenance
Group 2021). While all three datasets were provided in
the same format, they modelled their hierarchical struc-
ture information differently. Therefore, it was required to
implement one sub-parser for each of the three datasets.

The ITIS taxonomy used the Darwin Core Term
dwc:parentNameUsagelD for each entry to model a
link to the entry of the next higher hierarchy level, un-
less the entry represented was a synonym. This allowed
us to parse the ITIS dataset in a recursive way, starting
at the Kingdom level. All synonyms of an entry newly
added to our graph could be found and parsed by search-
ing for the current accepted taxon ID in the column
dwc:acceptedNameUsagelD.

The term dwc:parentNameUsagelD was not used in
the TPL dataset, which necessitated the implementation
of a different linking. The taxonomic information, i.e.
kingdom, family and genus, was stored in columns inside
each data row, but not as separate data rows. To parse this
structure, we implemented an iterative algorithm, which
added the families and genera to the graph structure and
generated an ID for them. After this, we were able to
parse the entries of the species, subspecies, varieties, and
forms in an iterative way. Parsing the synonyms worked
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the same as for the dataset of ITIS. The WFO dataset was
parsed analogously to the TPL dataset.

Besides the differences in the linking structure,
each of the three sub-parsers currently only took taxon
entries of the kingdom Plantae into account. To allow
future extensions of the parsers without much effort,
they have been implemented in such a way that other
kingdoms can be added. The three sub-parsers convert-
ed the information on the species name and taxonomic
status to the tree structure (dwc:scientificName with
dwc:scientificNameAuthorship, dwc:taxonomicStatus).
These three terms were sufficient for the described task
and were available in all datasets. The parser implemen-
tation allows to include more information, e.g. orders or
other Darwin Core Terms, when necessary.

The merging stage combined the three taxonomies to
one graph as described above. This stage was crucial to
provide a cross-taxonomic graph without creating a new
taxonomy and use it in the prototype to search within the
taxonomies. This resulted in bidirectional edges between
the taxonomies and denoted synonym relations (Fig.
1). The SKOS class skos:conceptScheme was used to
model families, genera and species. This is the recom-
mended approach to group multiple concepts and when
dealing with concepts coming from multiple sources in
the SKOS standard. The taxonomic structures in TPL,
ITIS and WFO were modelled as skos:Concept class.
The relationships between classes within a taxonomy,
i.e. families and genera, were modelled by skos:narrower
relations, and inversely, skos:broader, as indicated by the
edges in Fig. 1 (see also Supplementary Fig. S1 for an ex-
emplary subgraph). Related concepts across taxonomies
were modelled using the skos:related property. This was
applied, as shown in Fig. 1, on the level of families, gen-
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era, and species. The matching was restricted to link only
concepts that were within the same taxonomic rank. The
developed user interface worked directly on the SKOS
data.

User study

Five participants from four botanical gardens in Germany
could be recruited for the user study in summer 2022.
Prior to starting the interviews, the participants were pro-
vided with an informed consent form, and the goal of
the study was clarified. The participants could withdraw
from the study at any point in time. The goal was to find
out whether taxon conflicts are an issue in the every-day
work at botanical gardens, whether there is the need for
a solution and whether the prototype would be a help-
ful tool (the questionnaire of the user study can be found
in the Supplementary Table S1). The expert interviews
were semi-structured to obtain comparable, qualitative
feedback as well as suggestions for further improvements
(Lazar & al. 2017).

The participants were given access to the web inter-
face of the prototype. They were asked to perform repre-
sentative tasks in resolving synonym relationships of a
name across multiple taxonomies. The participants were
also encouraged to try out own queries with other names.
Goal of this usability test was to determine whether the
prototype met the requirements for task appropriateness
(Lazar & al. 2017), i.e. whether the tool helped to solve
the challenge of finding synonymous concepts in several
botanical taxonomies. The participants were asked to
evaluate the suitability of the prototype for solving the
tasks with questions based on ISO 9241 part 110, Inter-
action principles (International Organization for Stand-
ardization 2020) provided by Gediga & Hamborg (1999).
We concluded with an open discussion, where further
suggestions for improvement were solicited.

Results

Prototype for searching in multiple botanical taxono-
mies

Our prototype allows the users to search in the taxono-
mies via string matching. The internal representation and
mapping of taxonomies (Fig. 1) allows to search along
the different levels, i.e. family, genus and species. For
each item in the result list, the taxonomic hierarchy can
be requested by selecting the item descriptor. The web-
based prototype provides a mid-heavy, three column lay-
out (Fig. 2) with focus on a minimal, easy to understand
design with high functionality.

The left column incorporates a search field with the
corresponding result list (Fig. 2). When typing a query
in the search field, the users receive a cross-taxonomy
response list of possible synonyms. After selecting an
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item in the result list, the middle column provides a list
of found taxa and possible synonym relations. An entry
is represented by the scientific name and the author, the
taxonomic or nomenclatural source dataset, and the taxo-
nomic rank. In addition, the taxonomic status, provided
by the taxonomic source, can be accessed.

The result list is ordered by the taxonomic status, with
the accepted names up top, followed by synonyms, and
not accepted names. When a user selects an item in the
mid column, additional taxonomic information, i.e. the
family, is provided in the right column.

Expert responses

All participants confirmed that they regularly work with
taxonomies and plant material registrations, and that con-
flicts occur due to different scientific names in different
taxonomies (the responses within the user study can be
found in the Supplementary Table S1). Four of the five
study participants stated that they had already searched
for solutions for taxonomy conflicts within their pro-
fessional lives. Three of the participants dealt with the
resolution of taxonomy conflicts on a weekly basis. They
would invest more time into this issue if there would be
more time left in the day-to-day work. The priority of
solving the issue of taxonomy conflicts for their respec-
tive gardens was rather high for four of five participants.

The WFO und TPL datasets were the most familiar
for the participants. The TPL data set was only used in
one of the botanical gardens; the other participants did
not use it, as it is outdated. Three of the five participants
stated that they were not familiar with the dataset of ITIS.
Another one stated, that he/she was aware of the dataset,
but rarely used it him-/herself.

The participants gave positive feedback regarding the
usability of the prototype in the sense of ISO 9241 part
110. The prototype allowed to insert the search term as
required and supported the participants in conducting
the given tasks. Three of five participants stated that the
graphic interface itself was designed and structured in a
clear manner. In addition, one participant stated, that he/
she found the user interface to be intuitive. All experts
confirmed that the information required for the tasks were
always shown at the right place on the screen. Four of the
experts agreed that the presentation of the information on
the screen supported them in conducting their tasks.

The main point of criticism toward the developed pro-
totype was the missing display of the publication date of
the respective scientific name. Furthermore, three of the
five participants would have liked to see more structure
and a better overview in the synonym list. It was also
suggested to add a filter and sorting function to improve
the overview of the search results. Other suggestions
made by individual participants included the integra-
tion of more datasets, a function to save the results of
the synonym search as a CSV-file, links to the three data-
bases, and displaying the type of synonym relationship,
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arch Term -
Cent. H
eraureacyans Synonyms Hierarchy
SEARCH Centaurea cyanus as species | status: synonym [tpl]
Plantae kingdom
Centaurea cyanus - . .
Centaurea cyanus (tpl) status: accepted | author: L. Compositae family
species| synonym | L.
Cyanus segetum Cyanus genus

Centaurea cyanus (wfo)

species| Synonym | L

Centaurea cyanus (itis)

species| accepted | L.

Centaurea cyanus subsp. coa (tpl)

species in tpl | status: accepted | author: Hill

Cyanus segetum

pecies in wfol | status: Accepted | author: Hill

Centaurea cyanus

pecies in wfo | status:

sub_species| synonym | Rech.f

Centaurea cyanus
Centaurea cyanus subsp. coa (wfo) species in tpl | status onym | autho

sub_species| Sy

1onym | Rech.f

Centaurea concinna
Centaurea cyanus var. cyanus (tpl) secies in tpl | status: synonym | authol
sub_species| synonym

Centaurea concinna
Centaurea cyanus var. cyanus (wfo)

Synonym

sub_species
Centaurea cyaneum
Centaurea cyanus subsp. cyanus (tpl)

sub_species| synonym

Centaurea cyanocephala
Centaurea cyanus var. denudata (tpl) species in tpl | status: synonym | author
sub_species| synonym | Suksd,

Centaurea hoffmanniana
Centaurea cyanus subsp. cyanus (wfo)

sub_species| Synonym

Centaurea hortorum
Centaurea cyanus var. denudata (wfo)

sub_species| Synonym | Suksc

species in tpl tatus: synonym | author: W\

species in tpl | status: synonym | author: S

species in tpl | status: synonym | author: P:

Synonym | author: L.

% A. Huet.) Trautv

species in tpl | status: synonym | author: As

Fig. 2. Screenshot of web layout of prototype. Left column consists of search field and result list. Middle column provides list of
found synonym relations for selected item. Additional information on hierarchy is displayed on right side. A screencast of the user
interface has been uploaded to a GitHub repository and to YouTube (see Supplemental content online).

i.e. heterotypic or homotypic. Furthermore, two partici-
pants mentioned that the prototype could be interesting
for other fields, e.g. in zoology.

Discussion

Mapping of Darwin Core to SKOS

The current parser relied on datasets that were provided in
the Darwin Core Standard (Wieczorek & al. 2012). Other
studies presented solutions to integrate datasets which
are based on different mappings (Michel & al. 2017).
This idea could be implemented into a next version of
our model. This would allow integrating a plethora of ad-
ditional nomenclatural and taxonomic databases. A next
version of the model could also be able to trace changes
in the respective datasets throughout time. It is important
to consider the change in time, when assessing the ac-
cepted scientific names (Kohlbecker &al. 2021). Other
studies have shown in models and prototypes how this
change can be followed (Chawuthai & al. 2016; Michel
& al. 2017; Kohlbecker & al. 2021).

The publication date of an (accepted) name within
the respective taxonomic or nomenclatural database is a
relevant information. The publication date was not dis-
played in the current version of the GUI. It can be, and
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will be, implemented in a next version of our model, as
the information is available in the Darwin Core formatted
datasets. In a next version, the authors names should be
included into the name matching to avoid larger amounts
of mismatching. Even without the display of the publi-
cation date and the matching of the authors name, the
feedback on our prototype GUI was positive; the missing
publication date did, therefore, not have an impact on our
proof of concept.

From a technical perspective, we have encountered
some inconsistencies when working with taxonomic
sources in the Darwin Core format. While Darwin Core
Terms are standardized, it is not specified which Darwin
Core Terms must be present in a Darwin Core Archive.
This led to a situation where the structure of different
taxonomies was represented by different Darwin Core
Terms (Loffler & al. 2021), which complicated the devel-
opment of a generalized parser. Better harmonized mod-
els consistently using the same Darwin Core Terms are
needed in future.

Depending on the type of mapping, loss of informa-
tion may be the result when mapping information from
Darwin Core Archive files to SKOS (Michel & al. 2018).
In this study, only the scientific name including the au-
thor and the taxonomic status were considered. The three
mentioned types of information were sufficient to enable
the taxon matching. Therefore, the other information
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saved in the DWC files of the three databases was not
included in the prototype. The possible information loss
therefore is not a problem in this study.

Reliability of the user study

The user study was conducted with five scientific em-
ployees or curators of German botanical gardens. This
guaranteed a high quality and reliability of feedback.
The number of experts needed in such qualitative studies
to gain sufficient and representative feedback has long
been investigated (Virzi 1992; Nielsen & Landauer 1993;
Gubrium & al. 2012). For human computer interaction,
Virzi stated in 1992 that “80 % of the usability problems
are detected with four or five subjects”. Also, Nielsen &
Landauer reflected on this question in 1993 and conclud-
ed that for usability testing, such as a qualitative study
done here with experts, the best results with regard to
cost and benefit are obtained with three to seven users.
Baker & Edwards (2018) surveyed 14 social scientists
and five junior scientists on this issue and concluded in
their study that the recurring answer to the question “how
many” is “it depends”. We consider the number of five
study participants as sufficient and can confirm from our
experience in this user study that we won the most im-
portant new information with the first three participants.

The participants were not familiar with all of the con-
sidered databases. This did not lead to problems in un-
derstanding the tasks and the main idea of the project.
Therefore, the choice of the three databases, TPL, WFO
and ITIS, did not impact the study and the reception of
the prototype. Ever since the user study was conducted
in summer 2022, WFO has been updated and TPL is be-
coming less popular because it is superseded. Further-
more, other databases are used by botanical collections.
Other additional taxonomic and nomenclatural databases
should, therefore, be implemented in their updated ver-
sions in a future version of the prototype.

Coexistence of databases

The overall feedback from the participants of the user
study on the presented prototype was positive. It was re-
ceived as a useful, time-saving tool for the day-to-day
work life. The participants showed through their feed-
back that there is a certain necessity to compare the
different taxonomic and nomenclatural datasets instead
of relying on a single one. This makes our prototype a
valuable addition to the existing name resolution serv-
ices (Wagner 2016; Grenié & al. 2023) and authorita-
tive checklists (Schellenberger Costa & al. 2023). The
Unified Taxonomic Information Service (UTIS, Unified
Taxonomic Information Service 2023) intends to follow
the same principal as presented in this study by enabling
the search of a scientific name in several European data-
bases. The GBIF Checklist Bank (GBIF Checklist Bank
2023) is an API that allows to look up a scientific name
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in all checklists in the GBIF network. The information
accessible via this API could serve as fruitful source for a
more extensive, updated version of our mapping model.

Our model allows the coexistence of several taxo-
nomic and nomenclatural databases without judging the
accepted names of the individual databases or the result-
ing meta-taxonomy. Mapping the taxonomies to SKOS
has several advantages, when compared to the existing
systems. The standard is used in various disciplines;
therefore, existing SKOS-based thesauri could be con-
nected to each other and to the presented mapping of the
botanical taxonomies. Furthermore, data sets from differ-
ent botanical collections could be brought together, with-
out having to run the names through a name resolution
service and adjusting synonyms according to one list.
The names in each data set could remain as entered, but
the different entries of synonyms could still be matched
by our model.

This opens the discussion on whether there must be
(or actually can be) a single, correct taxonomic database,
which serves as the ultimate truth. In our opinion, there
are certain cases in which it is more practicable to see
several datasets in an equal coexistence. Our presented
study and prototype are a first idea of how this coexist-
ence could look like.
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