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Abstract — Digitalized botanical collection data often lacks location data in the form of geographical coordinates, limiting
a wider use of the data. Specimens of Dutch plants, mosses and fungi in the Naturalis botanical collection (herbarium
codes AMD, L, U, and WAG) were initially digitized with only 3% of the records having geographical coordinates. In
a two year project, coordinates were added to the specimen records by means of (semi)automated techniques and
crowdsourcing. Coordinates were inferred from location data present on the specimen labels such as toponyms (includ-
ing those with typographical errors and abbreviations), grid square codes and other local coordinate systems. Finally,
75% of about half a million specimens of vascular plants could be georeferenced with a precision of 5 km or better.

Samenvatting — Digitale collectieinformatie bevat vaak locatiebeschrijvingen zonder geografische coérdinaten, waar-
door het gebruik voor andere doeleinden vaak beperkt is. Herbariumcollecties van Nederlandse planten, mossen en
paddenstoelen in het herbarium van Naturalis (met herbariumcode L en vroegere herbariumcodes AMD, U en WAG)
zijn tussen 2009 en 2015 gescand en de etiketgegevens gedigitaliseerd, maar van slechts 3% van deze exemplaren
waren de codrdinaten op de juiste manier geregistreerd. In de vorm van een tweejarig project hebben FLORON en
Naturalis zijn de (verbeterde) codrdinaten aan de database toegevoegd, deels ging dat semi-automatisch en deels
met hulp van een grote groep vrijwilligers. De codrdinaten zijn afgeleid van de locatiebeschrijvingen op de etiketten
van de collecties, zoals toponiemen (vaak met fouten vanwege slecht leesbare handschriften), atlasblokcodes en
andere codrdinaatsystemen. Bij afronding van het project had 75% van de half miljoen herbariumexemplaren een
codrdinaat met een nauwkeurigheid van ten minste 5 kilometer.
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level (Townsend Peterson et al. 2018). Thus, to increase the
scientific value of the digital botanical collection geographical
coordinates must be assigned to specimens, a process known

About half a million botanical specimens collected in the Nether-
lands are stored at Naturalis Biodiversity Center in Leiden (AMD,
L, U & WAG). Most of this collection was digitized between 2009
and 2015 during one of the first mass-digitalization projects
worldwide. Digitization included not only scanning herbarium
sheets, but also transcription of labels (Heerlien et al. 2015).
The data was curated in the BRAHMS herbarium management
system (University of Oxford 2022), and published through the
Naturalis Bioportal and as a dataset in the Global Biodiversity
Information Facility (GBIF) (Bijmoer et al. 2022).

Location data, however, was limited to information present on
the herbarium labels, which is in most cases a location name or
a map grid square in a local spatial reference system (Fig. 1).
Primary biodiversity data without geographical coordinates has
little value, as it cannot be used for spatial analyses below country

as georeferencing or — to be more precise — geocoding. A gene-
ral approach with best practices for georeferencing has been
documented by Chapman and Wieczorek (2020).

Geocoding can be a time-consuming process, as it requires the
knowledge and interpretation of the many ways in which a location
can be described, the variation in spatial scale and the translation
of local coordinate systems. Regarding location descriptions,
crowdsourcing can be useful to help interpret toponyms (Marcer
etal. 2021). In this paper, we describe the process of geocoding
the botanical collection of Naturalis Biodiversity Center for
specimens collected in the Netherlands with help of volunteers of
FLORON Plant Conservation Netherlands during 2020 and 2021.

Improving botanical data in the Netherlands helps to fill the
data gap for distribution data of vascular plants identified by
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Fig. 1. Examples of labels of herbarium specimens with: A. unambiguous
and complete information or taxon, location, collecting date, and collector
name (L.3076286); B. unknown location and collecting date (U.1593783,
with only the country name); C. ambiguous location data (WAG.1503626,
with many different location names).

Sparrius et al. (2014), concerning the period 1950-1980, a
period of time in which little botanical surveys were conducted.

METHODS

Data management

Specimen data was exported from BRAHMS into a plain csv
file, containing the following spatial information: latitude and
longitude (EPSG:WGS84), data in a local coordinate system
(Amersfoort/RD New EPSG:28992), IVON grid square notation
(format e.g. M3.43.45), kilometer grid square notation (format
e.g. 51.23 for 5 km square, or 51.23.34 for a 1 km square) and
toponyms (province, city, and/or site). Digital maps of the two
Dutch grid systems are available as open data (Sparrius 2022).

Coordinates in local grid systems were not always registered
in the correct data columns, but sometimes added to the loca-
tion name. For this reason, site descriptions were searched for
grid squares or local coordinates by using regular expression
operators for the various ways in which they were written in the
labels, e.g. 51.23, 51-23, 140-345, 140/345.

Assigning tentative locations

The next step was to assign tentative locations to specimens,
based on automated attribution of geographical coordinates
based on other coordinate system or text extraction.

Specimen records containing coordinates and valid grid squares
were converted to latitude and longitude (EPSG:WGS84). The
spatial precision, mostly 1 or 5 km, was also noted. Spatial pre-
cision of 1 and 5 km were most frequently used, matching the
grid square sizes of mapping grids commonly used by botanists.

Location descriptions (text field) were scanned for matching loca-
tion names on the topographical map of the Netherlands (TOP-
10NL) and the Google Geocoding API (Goldstein et al. 2014).

Many toponyms, however, contained typographical errors or had
historical names that are no longer used on current maps. For
these records, names have been corrected manually and the
corrected names were again scanned for matches. All remain-
ing records with toponyms (about 10%) were not assigned to
a tentative location. Many different approaches were used to
interpret variants of toponyms and location names with abbre-
viations and typographical errors.

Some locations have similar or identical toponyms, such as
the cities and villages ‘Zwolle’ and ‘Hengelo’. Specimens were
manually tentatively assigned to the biggest city. In the case of
‘Tienhoven’ a few specimens were assigned to the right location
based on their ecology (rich fens versus sandy river banks).

Crowdsourcing tool

Crowdsourcing was performed in a webtool as part of the Na-
tional Database Flora and Fauna Atlas (www.verspreidingsatlas.
nl), build on the ASP.NET platform and a MySQL database. The
crowdsourcing geocoding tool ‘Botanical Collection on the Map’
(Fig. 2) has the following specifications:

— The user gets a random specimen or selects specimens
based on a filter on year, person, or province. The
tentative location is shown on the map. The user can
also zoom in on the digital herbarium specimen with the
original label and annotations.

— The user interprets the location and may choose be-
tween the options ‘Location is correct’, ‘| don’t know’,
and correcting the location by clicking on the map.


https://data.overheid.nl/dataset/8a9eee75-2761-4f9f-bf50-7a32dc14ad9c
https://data.overheid.nl/dataset/8a9eee75-2761-4f9f-bf50-7a32dc14ad9c
http://www.verspreidingsatlas.nl
http://www.verspreidingsatlas.nl
https://data.biodiversitydata.nl/naturalis/specimen/L.3076286
https://data.biodiversitydata.nl/naturalis/specimen/U.1593783
https://data.biodiversitydata.nl/naturalis/specimen/WAG.1503626
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Fig. 2. User interface of the geocoding tool ‘Botanical Collection on the Map’ with selection tools (upper left), recent changes made by the volunteer (lower left),
specimen info and herbarium sheet (middle column), location editing (upper right), and buttons for submitting changes and reporting digitizing errors (lower right).

The tool was also used to make a notification about digitaliza-
tion errors, such as multiple specimens or locations on a sheet,
specimens with no location information at all, or specimens from
other countries.

When the location is corrected, approved, or ignored, the next
specimen is shown. Users are able to see a progress bar, a list
of the specimens that they approved or amended, and a list of
top-ranking participants.

The project ran from April 2020 until April 2022. The circa 300
participants included volunteers with a background in botany
and/or history and were mainly sourced among FLORON volun-
teers. The tool is still running at a slow pace and may also be
used for georeferencing new datasets.

Assigning tentative locations and final quality checks

Finally, records were checked for coordinates outside of the
Netherlands, or in large waterbodies. This resulted in a small
number of manual corrections and specimens attributed to
other countries.

For very rare species, occurring in fewer than 16 locations,
locations were adjusted if they have been reported from neigh-
bouring km grid cells in the same year in a reference database
of digitized plant records from botanical literature . This is done
to avoid the superfluous appearance of two grid squares next
to each other on distribution maps.

For all other species, records were validated according to NDFF
validation procedures. This includes a check against validated
records from a different source, where the species was recorded
in the same 5x5 grid square with maximum of 10 years apart.

Publishing in GBIF

In the geocoding tool the location is represented as a polygon
(grid squares and circles), within which an observation has been
made. The first step to import data in BRAHMS was to convert
polygons to centroids with a radius of uncertainty (Wieczorek et
al. 2004). In BRAHMS, uncertainty is stored as the number of
decimals of the latitude and longitude (BRAHMS field LLRES).
The geocoding method (e.g. manual, Google Maps API or grid
cell) was also stored in BRAHMS.

The specimen records in BRAHMS were updated with the new
latitude, longitude, and uncertainty. The BRAHMS data was then
published in Bioportal (bioportal.naturalis.nl) and subsequently
in GBIF (Bijmoer et al. 2022). A copy of the dataset, with the
original polygons assigned by the geocoding tool, is included in
the National Database Flora and Fauna (www.ndff.nl). The use
of BRAHMS identification numbers makes it possible to update
data from BRAHMS to NDFF and vice versa.

Cost of the project

The project was funded by Netherlands Biodiversity Information
Facility (NLBIF). The total costs for the project were € 50,000,
or € 0.13 per record, which is slightly less than georeferencing
in the digitization project iCollections at the Natural History
Museum, London (NHMUK; Blagoderov et al. 2017). Moreover,
the developed webtools are available for future projects.

RESULTS

The type of location data retrieved from location descriptions
were mostly toponyms and a smaller number of geographical
coordinates and grid cells (Table 1).


http://www.ndff.nl
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Table 1. Different approaches for geocoding and numbers of specimens.
* Toponym was often present together with one of the coordinate fields.

Location data retrieved from text fields Number of records

Amersfoort/RD New (EPSG:28992) coordinates 774
Latitude and longitude (EPSG:WGS84) coordinates 5
Kilometer grid square notation 3,850
IVON grid square notation 29,814
Toponym* 42,5084

Crowdsourcing resulted in direct approval of the location for
138,568 records, while 256,923 records were either corrected,
or had their precision improved by volunteers. Furthermore,
8798 digitalization errors were found. The most common error
was the presence of multiple specimens from different locations
on one herbarium sheet with only one location record present
in the collection database.

Of the original BRAHMS records, less than 3% contained
coordinates, half of which with high precision (< 1 km). After
georeferencing, roughly 75% of the records contained coor-
dinates, 35% of which with high precision (< 1 km) (Table 2).

Excluded and non-georeferenced records

The dataset still contains about 142,000 non-georeferenced
records. These include 12,000 records with no location at all, and
130,000 records that could not be processed in the geocoding
tool due to missing specimen barcodes, missing dates, cultivated
plants in gardens, or ambiguous data. The last category also in-
cludes specimens from ‘herbarium Perin’ collected between 1840
and 1860, which contain a large number of falsified specimens
with species that probably never occurred at the given location
(Vuijck 1901: 629). Although this has nothing to do with the
barcoding process, we wanted to only georeference data that is
suitable for biodiversity analyses. We estimate that about half of
the remaining non-georeferenced records can be referenced in
future. Those records might contain sufficient location informa-
tion, but require much more expert time to decipher or interpret.

DISCUSSION

Assigning tentative locations and manual georeferencing

There are many different ways in which coordinates and
toponyms are written on specimen labels. In the subsequent
collection digitization process, new errors have been made in
transcribing the label data. This makes it hard to describe the
exact steps of the georeferencing procedure. As explained in
the methods section, many different approaches for the pars-
ing of toponyms and coordinates were used. This also implies
that fully automated georeferencing is practically impossible.
Especially hand-written pre-1900 specimens are a great source
of transcription errors, with vague toponyms and abbreviations
of collectors and missing collecting dates. Recently collected
herbarium specimens are usually geocoded with coordinates
printed on the label and easier to read.

Crowdsourcing and data validation

There are many different ways in which coordinates and to-
ponyms are written on specimen labels. In the subsequent
collection digitization process, new errors have been made in
transcribing the label data. This makes it hard to describe the
exact steps of the georeferencing procedure. As explained in
the methods section, many different approaches for the pars-
ing of toponyms and coordinates were used. This also implies
that fully automated georeferencing is practically impossible.
Especially hand-written pre-1900 specimens are a great source
of transcription errors, with vague toponyms and abbreviations
of collectors and missing collecting dates. Recently collected
herbarium specimens are usually geocoded with coordinates
printed on the label and easier to read.

The crowdsourcing tool has mostly been used by experienced
botanists who would restrict their work to areas that they were
familiar with. However, during data validation, we came across
the following common issues, which are also mentioned in
Chapman & Wieczorek (2020).

The georeferencing process is partly iterative: in the first itera-
tion specimens are located at or near the supposedly correct
location based on specimen label data. In a second iteration,
specimens were located at a higher precision. This means that
the georeferencing tool should allow multiple changes to a record.
For example, a user can filter on a known ambiguous location
name and go through all the specimens to assign them to the
right location, even if they had already been assigned a location.

In the dataset we included specimens that already have fairly
precise coordinates, either from GPS or manually looked up on

Table 2. Presence and spatial precision of geographical coordinates before and after geocoding.

Precision Before geocoding (numbers of specimens) After geocoding (numbers of specimens)
<20m 8,095

<200 m 5,009

1km 133,423

5km 264,936

>5km 0

unknown 0

No coordinates / Left to be processed 550,505 142,774

Total 564,903 564,903
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a map by the collector and subsequently added to the label or
database. In the crowdsourcing process, volunteers tended to
try to make such coordinates even more precise, which is un-
desirable since they have not more knowledge than the collector
did, and such original data should never be altered. This can be
solved by carefully selecting the records for improvement in the
georeferencing tool.

After georeferencing, about 50 % of all records were validated
against reference data in the National Database Flora and Fauna.
The other 50 % still requires manual validation by experts before
it can be used as a reliable source for biodiversity mapping.

CONCLUSION

Georeferencing is a strong improvement of the quality of mass-
digitalized natural history collections. Using crowdsourcing,
collection institutes can source knowledge about toponyms
and the ecology of plants from a wide audience in a cost-
effective way.
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