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Executive Summary
This report describes the use of identifiers and persistent identifiers (PIDs) at the Natural
History Museum (NHM), London. The NHM is a visitor attraction and international science
centre for natural history collections. It has an extensive research programme and employs
approximately 300 research scientists. It is in the midst of an extensive collection digitisation
programme to make all of the specimens in its collections available online, almost 4.8 million
of the 80 million specimens are available so far.

Identifiers for Internal Use
The NHM's main internal identifier for collection objects is a registration number and the
Museum also uses barcodes in some areas of its collection which include the registration
number encoded within them. The registration number is included in the Museum's
collections management system (CMS), EMu,1 which is in the process of being replaced.
Registration numbers were historically assigned by the five departments of the Museum
independently and this means they are not always unique and do not have a standard format.
As part of the programme of work to replace the CMS, the NHM is creating a new data
model to document complex digital objects more effectively, of which identifiers will form a
core part.

Identifiers for External Use - Data Portal
The NHM's Data Portal2 forms the main external point of access for the NHM's research
and specimen collections. The digitised specimen collections, currently numbering 4.8 million,
are assigned Globally Unique Identifiers3 (GUIDs) which form citable versioned links to
records. These are not true PIDs as they do not have any governance of their persistence and
occasionally can become inaccessible but they do comply with linked data standards and the
CETAF Stable Identifiers initiative.4
The NHM mints Digital Object Identifiers5 (DOIs) registered with DataCite6 for datasets
created by staff and any researchers affiliated with the Museum. These do not have to be
based on the specimen collections but in practice often are. As much of the data is tabular,
the Data Portal allows for DOIs to be minted for each query as needed by a user, so their
retrieved data can then be cited and resolved.

Library and Archives
The NHM's Library and Archives uses DOIs and ORCID7 identifiers within the repository
system.8 They also use DOIs within their library system, Alma9 and discovery layer Primo.10
The archive system Calm11 does not include support for PIDs.

1

https://www.axiell.com/solutions/product/emu/

2

https://data.nhm.ac.uk/

3

https://en.wikipedia.org/wiki/Universally_unique_identifier
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https://cetaf.org/cetaf-stable-identifiers
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https://www.doi.org/

6

https://datacite.org/
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https://orcid.org/
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https://nhm.openrepository.com/
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https://exlibrisgroup.com/products/alma-library-services-platform/
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https://exlibrisgroup.com/products/primo-discovery-service/
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https://www.axiell.com/uk/solutions/product/calm/
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Analysis
The key findings from the NHM's use of identifiers are:
• Heterogeneity - the historical heterogeneity of the management of the NHM's collection
presents a challenge when changing any aspect of its management. The consequences
of historical practices will remain with the Museum and need to be reconciled with any
future developments. This understanding of past use is invaluable when developing future
services.
• Scale - natural history collections are generally very large, much larger than other types of
cultural heritage collections. The consequence of this is that all decisions around assigning
identifiers must be made carefully as it is virtually impossible to reverse them and change
has been incremental as a result.
• Incentivising use of PIDs - the NHM is keen to incentivise and normalise the use of PIDs
for its collections to improve the ability to track citation of them.
• Extent of use of PIDs - it is worth acknowledging that the drive for the adoption of PIDs
may be slightly different in natural history collections than other types of cultural heritage
organisation, which do not have such a focus on scientific publishing and its increasing
adoption of open data practices.

Lessons Learned
For other heritage organisations the key lessons which can be learned from the NHM are:
• Resourcing - the NHM developed the Data Portal through recruiting full-time staff and
building capacity internally. This has ensured the sustainability and continued development
of the service.
• Avoiding feature creep - for the initial development of the Data Portal, a tightly defined
scope was seen as valuable in its timely delivery.
• Responsive - the infrastructure around natural history collections is developing rapidly so
any solution around PIDs must be flexible and able to interoperate with new services as
they become available.
• Developing services - to make the case to develop services, one needs to work in two
directions both making the case to senior management and curatorial staff using arguments
which appeal to each audience. Management will be keen on intelligence on the use of
collection items whereas staff will be interested in time saved locating items or other
curatorial tasks.

DiSSCo and Natural Science Identifiers
DiSSCo12 is a European research infrastructure for natural science collections which is
under construction and due to become available in 2025. To enable the shared access of
natural science collections, DiSSCo has identified a PID system as a core requirement and
decided to adopt the FAIR digital object architecture and digital specimen concept. DiSSCo
proposes a new system of natural science identifiers (NSIds) which will be based on the DOI
infrastructure.13 DOIs meet their requirement as they are based on the Handle system (a
requirement of Digital Object Architecture14) and they are a well-known and trusted brand
within the research community. This large scale infrastructure will provide an interesting case
study in the adoption of a new identifier type and other natural history collections who are
also involved in the Towards a National Collection programme may decide to adopt NSIds
within their infrastructure.
12

Distributed System of Scientific Collections https://www.dissco.eu/
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https://www.pidforum.org/t/a-global-natural-sciences-identifier-nsid-scheme-for-specimens-and-collections/860
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https://doi.org/10.1162/dint_a_00034
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Introduction
This case study describes the use of persistent identifiers (PIDs) and other identifiers at the
Natural History Museum (NHM), London. It covers particularly the Museum’s Data Portal
and the identifiers used internally at the Museum. The NHM is undertaking a project to
replace the collection management system (CMS), currently Axiell’s EMu,1 which manages
the Museum’s Life and Earth collections and the team are gathering requirements for a
replacement system. This case study provides an overview of the identifiers in use at the
Museum now and the ongoing work to determine a new data model for complex objects
using identifiers to improve and streamline collections management. It also covers the
identifiers used with the Library and Archives systems and demonstrates how the NHM’s
activities fit into wider community initiatives by describing the proposed new identifier
system in development by DiSSCo, a forthcoming European research infrastructure.2

Persistent Identifiers
Within the context of this case study a PID is an identifier that is globally unique, actionable
(it can be resolved to a resource or information about a resource), and where it is managed
to remain unique and actionable for the long term. These features bring the most benefits
from the use of PIDs in terms of interoperability and feature support. The systems that create,
maintain and hold these identifiers are referred to as PID infrastructure.

About the Natural History Museum
The NHM is a visitor attraction and international science centre for natural history
collections. It holds over 80 million specimens with an expansive digitisation programme
working to digitise its entire specimens collection. The NHM has an extensive research
programme and employs approximately 300 research scientists. The NHM also hosts circa
1,000 research visits every year and before COVID-19 demand exceeded capacity. The
Museum’s Collection Digitisation programme will enable more virtual access to the museum’s
collection to address this and increase access. The Museum’s Library and Archives contains
natural history literature, artwork and manuscripts which have been collected since the
Museum’s founding in 1881 and the Museum's archives which hold the administrative and
scientific records of its staff, exhibitions, architecture, collections and activities.

Identifiers for Internal Use
Registration Numbers
The NHM uses Axiell’s EMu system to manage the natural history specimen collections. EMu
was first implemented in 2005 and this was the first time metadata from the collections of
the Museum’s five departments were held in one system. In 2014, EMu was adapted to create
Globally Unique Identifiers (GUIDs) at the point of records being saved.3 These GUIDs are
used for digitised collection items in the Data Portal, described in more detail below. EMu
also has internal database record identifiers known as Internal Reference Numbers (IRNS)
which can be used for bulk data management processes. However the main item identifier
used within EMu and by curators in practice is the item’s registration number.
In many ways registration numbers are similar to accession numbers referred to within most
museum standards and registration in the NHM is the equivalent process to accessioning
1

https://www.axiell.com/solutions/product/emu/

2

Distributed System of Scientific Collections https://www.dissco.eu/

³ https://en.wikipedia.org/wiki/Universally_unique_identifier
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items in other organisations. However, items which have been registered or have a
registration number are subject to the legal framework which governs the Museum namely,
the British Museum Act 1963.4 This restricts what can be done with the item, it is much more
difficult to disperse, deaccession or conduct analytical processes which lead to the destruction
of the item. Therefore sometimes items enter the Museum for a research project or temporary
exhibit, and are managed by being assigned object entry numbers.5 An object entry number
identifies a transaction of the object’s entry to the Museum but in practice this is used to
identify the object or objects to which it relates. Other items which are owned by the NHM,
such as donated specimens, will have a specimen number but may never be registered due to
their intended use.
Due to the historical departmental nature of the Museum’s operation, the numbering systems
used by the different departments were developed completely independently and this means
that there are duplicate registration numbers and some follow very complex numbering
syntaxes. Different departments have also historically had different approaches to the
granularity of numbering collection objects. For example, entomology traditionally registered
items in ‘lots’ due to the vast number of specimens it acquires and manages, but this has
had to change in line with collections management best practice and it is incompatible with
digitisation of specimens at the individual specimen level. Registration numbers contain
varying levels of human readable information within them such as the year and/or a prefix
which may be an abbreviation for a collection area. The format of registration numbers has
also changed over time to adapt to changing cataloguing practices, the original mineralogy
collection of the Museum from 1831 to 1905 was simply numbered BM.1-95000 at which
point the department specific syntaxes began to be used.
In addition, when EMu was first implemented the departments used different fields when
describing their collections. Each discipline uses different terms to describe the same or
overlapping concepts, which reduces the interoperability of the collection as a whole and can
make searching across the collection challenging. While there have been concerted efforts
to try and standardise description of specimens, the ambiguity extends to the choice of
numbers used when referring to objects within the collection. For example staff in the Botany
Department often use the ‘collector number’ when referring to items. This number is assigned
by whoever collected the item and broadly corresponds to the concept of field number in
other disciplines.
Analysis has found curators value some degree of human readability within registration
numbers and they like to be able to infer some information from them. Since GUIDs,
which are entirely opaque, have been introduced within the system they have not been used
internally in a systematic way beyond populating the Data Portal, described below.

Barcodes
The Botany Department was the first to implement barcodes within the specimen collections,
prior to that they did not assign registration numbers to objects within that department.
Items were cited using the label information (taxonomy, geography and collector numbers).
Now barcodes are assigned consisting of the prefix ‘BM’ followed by a nine digit numerical
string. These barcodes have standardised information associated with them. Other
departments have since adopted this approach but the use and encoding of barcodes is not
necessarily standardised across the Museum.

4

https://www.legislation.gov.uk/ukpga/1963/24/contents

5

https://collectionstrust.org.uk/resource/entry-number/
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New Data Model

The NHM is in the process of gathering requirements for upgrading its CMS. Since EMu was
originally implemented in 2005, the NHM’s requirements have evolved and are changing at a
faster pace than the current system can be customised. The NHM is hoping to acquire a more
configurable system that can integrate with other systems. As part of this process to develop
requirements they are working on a data model to manage collections including describing
complex objects. Complex objects can have both a physical and digital representation or a
physical object with multiple identifiable components, e.g. a rock with three species of lichen.
The metadata needs to be able to manage relationships between the derived and the original
objects, for example DNA sequences. It will also need to be able to accommodate collection
items which do not have a long-lasting physical component e.g. single cell algae and 3D
models. This data model is in development, but identifiers for collection items will definitely
form a component of it. Questions of the granularity of these identifiers still need to be
resolved.
The replacement of the CMS is felt to be a good opportunity to review and change practices
to make the management of collection items easier and more consistent across the institution.
At present there is a lack of consistency in how items are defined and linked, especially for
complex objects with parts and/or derivatives, and no documented process for changing those
practices. It is hoped that the data model will address this by providing a framework for
consistency and data integrity, especially in parallel with training on collection management
best practices. This will lead to improved capabilities of citing the collection where items are
used in scientific literature and tracking that usage.

Identifiers for External Use - Data Portal
In 2015 the NHM launched the Data Portal6 which allowed datasets from the Museum and
its digitised specimen collection to be searched, downloaded, and cited.7 The motivation
for the development of the Data Portal was to support open scientific endeavours from the
Museum and to make the data created within the NHM accessible to the wider scientific
community, encouraging and tracking reuse. The Data Portal is based on the CKAN8
repository system but has been heavily customised to meet the NHM’s needs. The plugins
developed in-house by the NHM to adapt the Data Portal are available via Github,9 and
enable functionality such as minting DataCite DOIs10, user-generated DOIs for queries, and
others described below.

Specimens
The Data Portal is also a platform for the NHM to provide CETAF Stable Identifiers for its
collections of entomology, zoology, botany, palaeontology and mineralogy specimens. CETAF
Stable Identifiers were developed by a consortium of European Natural History collections
to enable consistent and persistent citation of specimens using a linked open data compliant
system.11
Approximately 4.8 million digitised specimen records can now be downloaded and cited,
currently representing 5% of the Museum’s total specimen collection of 80 million items.12
6

https://data.nhm.ac.uk/

7

This implementation is described in detail here https://doi.org/10.1093/database/baz038

8

https://ckan.org/

9

https://github.com/NaturalHistoryMuseum

10

https://datacite.org/

11

https://cetaf.org/cetaf-stable-identifiers and https://doi.org/10.1093/database/bax003
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Correct at 19/04/2021. Source: https://data.nhm.ac.uk/
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Each specimen is assigned a GUID which comes from EMu, the CMS, and this is used to
create a permanent URL. The GUIDs are sent from EMu to the Data Portal five times per
week. Each record on the Data Portal has two URLs, one for the most up to date version of
the record and one which includes a UNIX Epoch timestamp in milliseconds which can be
used to cite a specific version of the record.
The structure of the URLs is described in Figure 1.

Figure 1: Structure of the URLs identifying specimens on the NHM’s Data Portal. The NHM
recommends citing the particular version of the record.
While these identifiers are stable and reasonably long-lasting, they cannot be described as
truly PIDs. The permanent URLs do not have any official external governance ensuring their
persistence. They are persistent insofar as the NHM has guaranteed their maintenance and
resolution as part of their service offering, although this has not been formalised through
a policy or other governance mechanism. However, the NHM’s internal governance puts
the identifiers at risk of becoming unresolvable and the specimens to which they refer
inaccessible. These are rare occurrences but can and have happened. For example, if the
GUID associated with a specimen were changed within the CMS, the new GUID would be
updated on the Data Portal, replacing the existing GUID. There is no process to ensure the
continued resolution of the URL for the old GUID. A record could be removed from the Data
Portal if the GUID is deleted in the CMS through merging of records, resulting in the nonversioned link, the up to date version of the record in Figure 1, no longer working. As a result
of this risk the NHM recommends citing the versioned record where possible, but is not able
to enforce this.
In addition, unlike a DOI or ARK identifier, to resolve the identifiers you need to use the nhm.
ac.uk domain, which means they are not globally resolvable and this may be a constraint
on the accessibility of the object. This is in line with linked open data standards, the CETAF
Stable Identifier system and several other Museum and gallery implementations including the
National Gallery’s which was described in a previous case study.13
To understand how open and accessible natural history collections are, CETAF Stable
identifiers have recognised the range of implementations which organisations can undertake,
broadly compatible with the approach of five star linked open data.14 Level 1 includes a
human level representation or webpage for each collection object with a stable URI which
follows best practices and these two are connected. Level 2 includes a machine readable RDF
representation, which a machine would be directed to when trying to access the data. Level 3
is the same as Level 2 but with application specific data encoded within the machine readable
RDF. The NHM’s implementation places it at Level 3.15 So while the URI’s provided by the
13

https://doi.org/10.23636/1243

https://cetafidentifiers.biowikifarm.net/wiki/#How_can_I_implement_CETAF_Stable_Identifiers_for_my_collection.3F
14

15

https://docs.google.com/spreadsheets/d/1bRDbRk9eTTWX4fk0UUr0BSvUxZP1NWPBltGHnhihORQ/
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Data Portal are not necessarily fully PIDs, they are interoperable and machine readable. The
vast majority of the downloads from the Data Portal are from the specimen collection and
therefore it is vital that these specimens remain accessible for the long-term. Figure 2 shows
the difference between the number of collections related downloads and the research data.
This chart also shows NHM specimen data downloaded from GBIF,16 for whom the NHM
provides a weekly Darwin Core Archive17 copy of specimen data.

Figure 2: Download statistics for the Data Portal and NHM specimen data downloaded
from GBIF. This chart shows both the number of download events (right y-axis) as well as
the number of records (left y-axis) downloaded, where the download events total tracks the
number of times downloads have been requested and the number of records tracks the actual
total number of records downloaded across those download events.

Datasets
The Data Portal also provides a search and access platform for datasets related to the NHM.
Depositors, who must be in some way affiliated with the NHM, either as staff or visiting
researchers, can deposit datasets on the Data Portal. The majority of these datasets are based
on the NHM’s specimen collection, but it is not required that they are. 179 datasets have
been deposited to date on a wide array of subjects, since it went live in 2015.18
All datasets deposited in the collection are assigned DataCite DOIs which are minted through
the Data Portal. The NHM developed a DataCite DOI minting plug-in for CKAN that
manages the process automatically. In 2019, the NHM implemented a mechanism to enable
dynamic dataset citation.19 As much of the data held within the collection is in tabular form,
the NHM parses that data and allows it to be queried by an end user of the Data Portal, the
result of this query can be downloaded and is assigned a DOI. This allows any end user to
download a subset of a dataset which suits their particular research purposes. Each of these
subset datasets is assigned a DOI and these are displayed on the front end as a ‘query DOI’.
16

Global Biodiversity Information Facility https://www.gbif.org/

17

https://en.wikipedia.org/wiki/Darwin_Core_Archive

18

Correct at 19/04/2021. Source https://data.nhm.ac.uk/.

19

Described here https://doi.org/10.3897/biss.3.38263
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The landing page for the query DOI, shown Figure 3, includes a suggested citation and the
option to view the original data and the current version of that data. This is in line with the
Research Data Alliance’s Recommendations for Dynamic Data Citation.20 This facility of
minting query DOIs has dramatically increased the number of DOIs the NHM creates. After
the query DOIs facility launched in Spring 2019, the total number of DOIs increased from
145 to 1,751 by the end of that year.

Figure 3: A query DOI. Each query DOI includes a recommended citation stating it is a
subset of the full dataset. It also allows the data to be viewed, both in its original state from
when the DOI was minted, and its current state.
In the coming months, the Data Portal will be developed to include support for ORCID IDs
where depositors can add their own and any co-author or contributor’s ORCID ID to their
dataset deposit.21 The NHM also plans to introduce ROR22 identifiers into the Data Portal to
enable the use of affiliation identifiers for contributors as well as associating the datasets with
the NHM in the DOI metadata in a consistent and machine readable format.
The NHM’s Data Portal has been well resourced throughout its development and
management. The platform was developed by a team of three developers up to its release
in 2015 and is maintained by a team of two full time equivalent developers. This in-house
development and maintenance is viewed as critical to the portal’s success as it allows for
active maintenance and development.

Library and Archives
The Library and Archives at the NHM is a separate department with a reading room and
modern and special Library collections and the Museum Archives. They have several systems
that they use to manage these, separate from the Museum’s main collection management
system. These include a repository23 (integrated with a research information system (CRIS)), a
library management system and archive management system.
The Library and Archives includes identifiers such as DOIs in its open repository, based on
DSpace and hosted by Atmire.24 Research outputs, primarily journal articles, with NHM
affiliated authors, are harvested from indexes such as Web of Science and added to the
20

https://doi.org/10.15497/RDA00016

21

https://orcid.org/

22

https://ror.org/

23

https://nhm.openrepository.com/

24

https://www.atmire.com/

11

NHM’s CRIS, an instance of Symplectic Elements,25 which are then added to the repository.
Before articles are added, the library staff enhance the metadata with ORCID IDs where they
are available.
The NHM’s library management system, Alma, accessible to end users via Primo, includes
any DOIs for any content in the catalogue.26 They also include a URI for authors or creators
where they are not included in the Library of Congress’s authorities, including VIAF, ISNI or
ORCID. The NHM uses the Calm archive system to manage the Museum Archives and this
does not support PIDs at present but has database system identifiers for each record.27
There are currently no integrations between Library and Archive management systems, EMu
and the Data Portal. There is an ambition to scope out ways of linking the entries in the
Museum’s accession registers for specimens with the specimens held in the Data Portal. The
older accession registers, dating from the 18th century, are physical bound registers which
have been digitised but are only accessible in a human readable format, i.e. PDF files that are
effectively images of the pages, with no optical character recognition (OCR) or handwritten
text recognition (HTR). For those connections to be made, the registers would have their
content rendered in a machine readable format, through OCR/HTR, possibly followed by the
construction of a database and assignment of identifiers, then connections made between the
specimen and the record in the register using these identifiers.
The Biodiversity Heritage Library28 (BHL), of which the NHM is a member, is a massive open
access digital library that is scanning much of the biodiversity literature held in its member
organisations. NHM journals such as the Bulletin of the British Museum (Natural History).
Zoology are available online to consult online via the BHL website, but they lack DOIs and
so are not as easily discoverable or citable as articles in the modern literature. The COVID-19
pandemic has curtailed BHL's digitisation work due to home-working arrangements, hence
a number of staff at BHL member institutions switched to updating detailed article-level
metadata and assigning identifiers to articles. Journals published by the NHM are among the
first articles to have DOIs assigned to them by this process. These DOIs present an unusual
use case for the creation of PIDs in that content created and provided by one organisation
(NHM) has identifiers minted and managed by another organisation (BHL).

Analysis
The NHM’s use of PIDs and their implementation highlight several specific issues when using
PIDs with natural history collections.

Heterogeneity
The historical heterogeneity and scale of the NHM’s collections present a large challenge for
any changes in approach to their management. However it is acknowledged that whatever
approach is taken the consequences of historical practice will not disappear and need to be
managed and reconciled with any future methods of managing the collection. The union of
the catalogue data is happening gradually but that can mean slow progress on other fronts.
There is an acknowledgment of needing to live with issues created in recent years with
digitising the collection, for example inconsistencies in management of barcodes. But as the
25

https://www.symplectic.co.uk/

https://exlibrisgroup.com/products/alma-library-services-platform/, https://exlibrisgroup.com/products/primo-discovery-service/
26

27

https://www.axiell.com/uk/solutions/product/calm/

28

https://www.biodiversitylibrary.org/
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majority of the collection has not yet been digitised, there is ample opportunity to apply new
thinking and improve practices.
GUIDs are created within the CMS, brought into the Data Portal but not used elsewhere
within the Museum. The GUIDs were developed by the system vendor in response to requests
from the community to support access to digitised resources but have not been leveraged to
address other internal use cases.
The work around creating a revised data model is driven by internal use cases, to increase
efficiency and standardise processes around the Museum. The external benefits of PIDs are
being met already, to an extent, through the use of GUIDs compliant with CETAF Stable
Identifiers. However the rationale for this work is bolstered by the desire to provide a
standard citation format for all items within the collection.
In addition the standards created by DiSSCo, described below, will emerge in the near future.
While these standards are still in development the NHM must forge ahead to meet their own
needs but work to provide open and interoperable standards which can integrate with the
DiSSCo infrastructure once it is clarified.
As a lesson for other organisations wishing to adopt PIDs, it demonstrates that an
understanding of the collection and how it has been used in the past is invaluable in
developing services. While the NHM’s approach may appear to have been fragmentary,
it is realistic and incremental in its expectations. The NHM’s collection is very large and
heterogeneous, and so smaller or more homogenous collections will not have quite as much
work to do to rationalise the management of collections with respect to identifiers.

Scale
Many cultural heritage organisations have large collections, which make any changes to
collection management challenging, however the issue of scale is much greater within natural
history collections. The consequence is it is virtually impossible to reverse any decisions
around the management of collection items. Any approach needs to be able to work with
what has happened previously. Once items have been digitised and labelled as part of that
process, there is no desire to revisit those items in the face of the remaining material to be
digitised. This scale issue also requires that policies and other governance mechanisms should
be in place to ensure the persistence of the work that has been done, such as CETAF Stable
Identifiers, to ensure they remain in place.

Incentivising Use of PIDs
As mentioned above, one of the major motivations of use of PIDs at the NHM is encouraging
and enabling citation of its items. As so much of the current infrastructure is in development,
there is work to be done in incentivising the proper use of PIDs by users of the collection
both within and external to the Museum. The inclusion of ORCID IDs on the Data Portal
is in response to requests from users that is a positive development, however more work
remains to be done to raise awareness. At present there is a great diversity in how collection
items are cited, e.g. the different abbreviations given to the collection name, such as NHMUK
or BMNH, which severely hampers the ability to track the use of the collections across
scientific literature and online.

Extent of Use of PIDs
Within natural history the scientific use of collections may be higher than the use of other
cultural heritage collection items. Therefore the increase in open publishing practices and

13

open data, seen in scientific publishing may drive change in management of natural history
collections faster than other types of collections. In addition, the acceptance of the citation
of digitised items is better understood amongst this user community than in some other
sectors such as humanities, where the print edition of a manuscript might be cited even if
it were only consulted online. The domain also has services such as GBIF for biodiversity
collections, which provide services to illustrate the use of these collections. Indeed, there is
less engagement in areas such as mineralogy, which is not covered by GBIF. The volume and
diversity of this scientific use is acknowledged and understood as a priority of the institution,
in contrast to some other cultural heritage organisations that may be primarily viewed as a
visitor attraction rather than as a research organisation. It is clear that there needs to be longterm buy-in at a senior level for the research use of identifiers in order to secure and sustain
their investment.

Lessons Learned
From the NHM’s implementations, the following lessons can be learned.

Resourcing
It is clear that the NHM have provided substantial resources to maintain and develop
these services. A small team is working on the replacement of the CMS and the Data Portal
is being actively managed by a small number of staff allowing it to evolve and gain new
functionalities such as the ability to manage ORCID IDs.
The Data Portal’s capacity was fostered internally over time and the NHM made a deliberate
decision to develop the Data Portal in house and to recruit permanent staff to develop and
support it. The NHM did not have a digital culture or much expertise internally at the
outset of the project. A conscious decision was made to develop that capacity within the
organisation to ensure a sustainable and dynamic service.

Avoiding Feature Creep
For the Data Portal specifically, there was a need to be pragmatic and very defined in what
was being developed in the initial phase. In order to deliver a service in a timely manner,
they were determined to keep the scope of the project clearly defined and limited to ensure
completion. Additional features have been added since the launch but the initial focus meant
it was possible to launch the service within one year of commencing development.

Responsive
It is clear from the development of the DiSSCo infrastructure, described below, that the NHM
and any institution needs to be dynamic and able to respond to the wider environment as
standards are emerging. The NHM is taking steps to make their approach resilient through a
well documented data model through which changes can be managed comprehensively. While
the NHM seeks to be an active participant in the development of these standards, and very
much are through their participation in DiSSCo and other sectoral initiatives, their internal
processes and systems also need to develop and keep pace with the external landscape.

Developing Services
From the NHM’s experience when it comes to making the case for resources to develop PID
services internally it can be necessary to work in two directions, both to senior managers
and curators. Each group will reap different benefits and these need to be identified and
communicated. For example senior managers will support improved reporting and visibility
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of the collection or be keen to take part in something comparable organisations are
undertaking. For curators, improved citation ability and easier management and locating of
collection items can be valued.

DiSSCo and Natural Science Identifiers
DiSSCo29 is a new European research infrastructure for natural science collections that is
under development, with plans to go live in 2025. DiSSCo has 121 members which are
natural history collecting institutions from 21 countries across Europe and beyond. To enable
the shared access of natural science collections, DiSSCo has identified a PID system as a core
requirement of the infrastructure. Through the ICEDIG30 and DiSSCo Prepare31 projects, the
team decided to adopt FAIR Digital Object and Digital Object Architecture principles and to
use the digital specimen concept.32 Many natural science collections beyond the NHM have
digitisation programmes for their vast collections and DiSSCo recognises that these need
corresponding infrastructure to identify, manage and provide access to these collections.
A digital specimen is a concept that considers a digitised specimen as an overarching digital
entity within which references to multiple related entities can exist, e.g. sequencing data,
images, chemical analyses etc. To identify these digital specimens, DiSSCo proposes a model
of natural science identifiers (NSId), with a data schema that can accommodate hierarchical
relationships, and one overarching identifier which can be related to other identifiers for the
derived entities.33 This broadly maps to the complex digital object model described above.
As the number of objects in natural science collections tends to be very large, larger than for
any other entity type which has been assigned PIDs to date, DiSSCo estimates the number
of identifiers required for their consortium would be approximately 1 billion and that at
full capacity the DiSSCo infrastructure would generate between 1.5 and 2 million related
identifiers per day.
DiSSCo has determined that none of the existing identifier schemes as presently offered
meets the requirements. Due to the decision to adopt the FAIR Digital Object model and
Digital Object Architecture principles, the identifier has to be a type of Handle identifier.34
Existing Handle identifiers’ metadata schemas are not deemed suitable for NSId. The
DiSSCo Technical Team conducted extensive options analysis of available PID schemes and
operational modes for their use, narrowing down to two potential options, both based on the
DOI infrastructure.35 DOIs were selected due to their existing popularity with the academic
community. DOI is a well-known and trusted brand which could help with the adoption
of the identifiers. DISSCO could either ally with an existing DOI registration agency such
as DataCite or Crossref, or create their own registration agency.36 As of March 2021, the
DiSSCo General Assembly approved DiSSCo joining the DOI Foundation as a member.
The scale of the infrastructure required by DiSSCo is much larger than anything that exists
at present. There are 200 million DOIs in existence today, but this infrastructure would
require 3 billion if it were to gain global adoption. Considering specific community needs
29

https://www.dissco.eu/

30

https://icedig.eu/

31

https://www.dissco.eu/prepare/

Recommendation 12 of the ICEDIG Project https://doi.org/10.3897/rio.6.e54280, https://doi.org/10.1162/
dint_a_00034
32

https://www.pidforum.org/t/a-global-natural-sciences-identifier-nsid-scheme-for-specimens-and-collections/860.
The name natural sciences identifiers is not final and could be made more generic to appeal to other disciplines.
33

34

https://www.handle.net/

For more information on the options analysis and consultation see: https://www.dissco.eu/dissco-pid-consultation/
35

36

https://www.doi.org/registration_agencies.html
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and services, allying with an existing registration agency (RA) may prove challenging if the
infrastructure is to scale appropriately.
Further work to determine a cost model and how a research infrastructure could also
function as a DOI RA is underway. To create and maintain so many identifiers, it is clear that
there will be costs involved and they will need to be managed. However it is expected that
through the large numbers of identifiers which need to be created, significant economies of
scale can be achieved and that this may feed through globally into other applications of PIDs.
A key lesson from the extensive DiSSCo exploratory work on identifiers is concluding on the
importance of defining what is being identified by ensuring that a strong link is maintained
between the identity of the physical specimen and the identity of its digital representation on
the internet. This is part of the role performed by the Digital Specimen and its NSId, which
will link directly also to the identifier(s) of the physical specimen.
For the wider cultural heritage community, DiSSCo’s work will provide a useful case study
of how widespread adoption of a new PID scheme could work. In that sector, there is no
obvious candidate solution for a PID scheme and many of the existing PID implementations
have focused on identifying the digital representation or born digital objects without properly
linking to the physical items. To ensure full coverage and to futureproof any PID approach,
there needs to be consistency as to how organisations address their PID implementations by
identifying both the physical objects and the digital versions.
Many natural history collections already use CETAF Stable Identifiers both as identifiers
for the images, websites and metadata of the physical objects as well as acting as pointers
to the physical objects themselves. NSIds do not aim to replace those identifiers but act as a
complement to them. An NSId sits above a CETAF Stable Identifier and represents the whole
concept of the entity and everything derived from it or associated with it digitally rather than
only referring to the physical item itself.37
The proposal of an NSId presents an advance in how access to natural science collections is
conceived and exploited in an increasingly digital world. Adoption will be made as simple as
possible for a large number of stakeholders.
The NSId concept particularly in relation to the CETAF Stable Identifiers presents an
interesting example of how identifiers can be applied to different representations of the same
object. For example, looking at another type of cultural heritage object, a chair in the Victoria
& Albert Museum, the NSId would refer to the digitised representation of the chair but other
identifiers could be used to identify the chair itself, the metadata about the chair, a 3D model
of the chair and any analysis that might have been done on the wood of which the chair
is made. All of those digital related objects can be related to the NSId and have their own
identifiers to identify them as outputs in their own right.
For the Towards a National Collection programme, which has several natural history
collections within it, there may be a drive for those institutions to adopt the DiSSCo
Infrastructure. So any solutions the programme develops will need to be able to interoperate
with DiSSCo. In addition, there are synergies between natural history collections and
other types of cultural heritage collections which could be applied. While the PIDs as IRO
Infrastructure project does not wish to propose an entirely new scheme for cultural heritage
materials, it may be the case that the DiSSCo infrastructure may be applicable to a broader
range of institutions than initially scoped.
37

https://dissco.tech/2020/05/

16

Conclusion
The NHM’s work developing identifiers for their collections is a complex endeavour,
primarily due to the scale and traditionally siloed nature of the organisation. Newer services
such as the Data Portal have taken positive steps towards providing consistent identifiers for
collections items for external users. The ongoing work to replace the CMS will lead to the
benefits of better identification and numbering of collections being realised internally. The
methodology NHM is applying to upgrade the management of their collections is useful for
other organisations in terms of adapting what already exists to new purposes rather than
trying to apply blanket new approaches to the entire collection. The developing external
environment and programmes, such as DiSSCo, require the NHM to adopt interoperable
approaches to exposing their collections information.

Image: © Trustees of the Natural History Museum, London. CC BY 4.0.
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Glossary
• CETAF Stable Identifier - a system of identifiers developed by the Consortium of European
Taxonomic Facilities which is compatible with linked open data approaches
• CRIS - Current Research Information System
• CMS - Collection management system. A system used by a museum to manage collections
including location information, provenance and curatorial information
• Data Portal - the NHM’s online access point for its research and collections data
• Digital Object Architecture - a set of principles now managed by the DONA Foundation.
It is "a logical extension of the Internet architecture that addresses the need to support
information management more generally than just conveying information in digital form
from one location in the Internet to another. The DOA enables interoperability across
participating information systems, whether in the Internet or not. It is a non-proprietary
architecture and is publicly available".38
• DOI – Digital Object Identifier. A PID administered by registration agencies on behalf of
the International DOI Foundation.
• EMu - the NHM’s collection management system for its specimen collections
• FAIR - the FAIR principles state that research data should be findable, accessible,
interoperable and reusable39
• FAIR Digital Object - A concept of digital objects (data, code, research outputs) associated
with metadata and PIDs to allow them to be reliably found, used and cited40
• GBIF - Global Biodiversity Information Facility
• Globally Unique Identifier (GUID) - an identifier used to identify information in computer
systems
• Natural Science Identifier (NSId) - an identifier used to identify digital specimens
• ORCID – Open Researcher and Contributor Identifier
• Specimen - an individual animal, plant, piece of a mineral, etc. used as an example of its
species or type for scientific study or display.

Appendices
Appendix 1 - Staff Consulted
Natural History Museum
• Lisa Cardy, Head of Researcher Services and Digital Delivery
• Ben Collier, Data Architect, RECODE project
• Josh Humphries, Technical Lead, Informatics Division
• Mike Sadka, Digital Information Systems Analyst
38

https://www.dona.net/digitalobjectarchitecture

39

https://doi.org/10.1038/sdata.2016.18

40

https://doi.org/10.2777/1524

18

• David Smith, Senior CMS Data Manager
• Vincent Smith, Research Leader and Head of the Informatics Division
• Matt Woodburn, Science Data Architect, Informatics Division
DiSSCo
• Alex Hardisty, Cardiff University School of Computer Science and Informatics, and
DiSSCo Coordination and Support Office (CSO) Technical Team expert

Appendix 2 - About Persistent Identifiers as IRO Infrastructure
Museums, heritage collections and sites in the UK house at least 200 million physical and
digital objects. Being able to identify these objects supports their discovery, use and curation –
you cannot provide persistent or even consistent access to an item if you don't know what it
is. Accession numbers are a key component in all collection and library management systems
but these only cover selected objects within an individual collection. To fully realise the
potential of our national collections, we need identifiers that can bring together collections
across institutional boundaries.
Persistent Identifiers (PIDs) provide a long-lasting click-able link to a digital object. They are
recognised by UKRI as a tool for enabling data discovery, access and citation. Supporting
wider use of PIDs for collection objects, environments, specimens and related items will allow
long-term, unambiguous linking of collections that will create a digital National Collection.
However, the challenges, utility and wider benefits of PIDs are not as well understood across
the heritage sector as they could be.
This project will bring together best practices in the use of PIDs, building on existing work
and projects. We will share expertise and provide recommendations on the approach to PIDs
for colleagues in institutions across the UK heritage sector. Through a mixture of workshops,
desk research and case studies, the project will answer questions such as 'What are the gaps
in the existing PID landscape for heritage collections, buildings and environments?' and
'What should a PID infrastructure, strategy and governance framework look like for a unified
national collection?'.
This project is a Foundation project within the AHRC funded Towards a National Collection
Programme.41

Appendix 3 - About Towards a National Collection
Towards a National Collection is a major five-year £18.9 million investment in the UK’s
world-renowned museums, archives, libraries and galleries. Funding is provided through UK
Research and Innovation’s Strategic Priorities Fund and delivered by the Arts and Humanities
Research Council (AHRC). The programme will take the first steps towards creating a unified
virtual ‘national collection’ by dissolving barriers between different collections – opening
UK heritage to the world. By seizing the opportunity presented by new digital technology,
it will allow researchers to formulate radically new research questions, increase visitor
numbers, dramatically expand and diversify virtual access to our heritage, and bring clear
economic, social and health benefits to communities across the UK. The innovation driven by
the programme will maintain the UK’s world leadership in digital humanities and set global
standards in the field.
The Programme’s main objectives are:
41

https://tanc-ahrc.github.io/HeritagePIDs/
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• to begin to dissolve barriers between different collections
• to open up collections to new cross-disciplinary and cross-collection lines of research
• to extend researcher and public access beyond the physical boundaries of their location
• to benefit a diverse range of audiences
• to be active and of benefit across the UK
• to provide clear evidence and exemplars that support enhanced funding going forward.
Aims of the Programme
The aim of the Programme is to begin to dissolve barriers between different collections,
opening them up to new cross-disciplinary and cross-collection lines of research, and to
extend researcher and public access beyond the physical boundaries of their location, thus
directly addressing the issues related to accessibility beyond current metropolitan centres.
The programme will extend across the UK including all the devolved nations, and will
potentially have a global reach in terms of setting a standard for other countries building
their own collections (with the long-term potential for inter-connection between the national
collections).
This Programme will have a transformative impact on:
• Digital search and cataloguing tools, technologies and methodologies, and associated issues
• Research capability, by enabling search across collections to address cross-cutting research
questions which will allow UK to maintain UK leadership in cross-disciplinary research
• The heritage sector as a whole, in terms of enhancing access for researchers, and for
facilitating wider and better-informed public engagement.
There are two rounds of funding calls – the Foundation Projects and the Discovery Projects.42

42

https://www.nationalcollection.org.uk/about

