
21This article provides a review of international networking efforts and the role
of the European Natural History Specimen Information Network in that
context. ENHSIN is one of several international initiatives that have emerged
over the past decade and that are concerned with electronic access to the
information held in biological collections. Taken together, these initiatives
prepare the ground for a global collection information system providing data
access and interoperability. To provide an effective service, a consensus about
technical protocols and semantic data definitions must be reached. ENHSIN
has contributed to this aim by prototyping data access to distributed non-
homogeneous databases via XML and HTTP and by introducing the principle
of variable atomisation into the ongoing efforts for a collection data standard.

Introduction

Biological collections and their role
Biological collections in a wider sense encompass living collections such as
botanical or zoological gardens and culture collections, as well as the
preserved specimen collections in museums, universities, and ecological research
facilities (see Berendsohn, 2000, for a justification of this wide definition of
biological collections).

Biological collections provide the basis for research in biological system-
atics, but their relevance is not restricted to systematics. For many sub-disciplines
of biology the only way to ensure the possibility for scientific scrutiny of
research results is by means of deposited conserved specimens (see Huber,
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1998, for a summary of the importance of voucher specimens). In addition,
living collections in particular represent a considerable reservoir of genetic
resources and provide raw material for applied genetic and other biotechno-
logical research. Collections have an even broader role within the emerging
global system of biodiversity information. The specimens themselves as well
as associated data (labels, field ledgers, publications) carry a significant
amount of primary information on the structure, composition, geographical
distribution, and lifestyle of individual organisms as well as of the ecosystems
to which they belonged. Of particular importance is the temporal dimension:
by combining data from hundreds of millions of specimens accumulated over
the past centuries we can achieve a solid, vouchered (and thus falsifiable)
picture of changes in ecosystem composition for many geographical regions.
Collections thus have the potential to make a significant contribution to the
solution of problems resulting from global change, in particular towards the
conservation and sustained use of natural biodiversity within a global frame-
work (Berendsohn, Häuser, & Lampe, 2000). 

Recognising this role of their holdings and the need to collaborate in order
to realize the full potential of collections, the members of the Consortium of
European Taxonomic Facilities initiated the ENHSIN project. Providing access
to a broad audience via the Internet is a key component of their plan. As
Maurer, Firestone & Scriver (2000) put it: ‘Society cannot get full value for its
investment in science unless anyone desiring existing data actually gets them’.

The emerging collection information system
Governments and funding agencies are also increasingly taking notice of the
general importance of collections as a primary source of biodiversity informa-
tion. The most significant event to-date in that respect was the decision taken
by OECD science ministers (OECD, 1999) to give the go-ahead for the Global
Biodiversity Information Facility (GBIF), based on the proposal elaborated by
the Working Group on Biodiversity Informatics of the OECD Megascience
Forum (Anon, 1999). GBIF recognises natural history collections information
as one of its four central themes, the other three being a catalogue of names
of organisms, outreach and capacity building, and interoperability and
networking. For the first time in history, GBIF will provide a government-
supported framework for biodiversity information on a global scale. 

Early international efforts to network collection information are clearly
concentrated in the area of living collections and in situ recording of occur-
rence records. A few examples: 

◆ The International Species Information System (ISIS) for zoological 
gardens and comparable institutions is a truly global network and 
comprises a computer-based information system for wild animal species 
held in captivity. Since its foundation in 1973, ISIS has grown to a 
membership of 576 institutions in 54 countries. The ISIS central database
currently holds information on 1.44 million individual animals representing
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nearly 8,000 species. Information is collected almost exclusively by 
using a common software, the ISIS Animal Records Keeping System 
(arks) for institutional animal records of isis members (ISIS, 2002). 

◆ In the realm of botanical gardens (about 1,600 institutions worldwide), 
Botanic Gardens Conservation International (BGCI, 2002) has developed 
a computer database on the rare plants in over 300 institutions to bring 
worldwide co-ordination to the individual efforts of each garden. This 
effort started in the mid-1980s and has, for example, spawned the first 
community-recognised standard, the International Transfer Format for 
Botanical Garden Records or ITF (BGCS, 1987). However, international 
associations of botanical gardens have until recently not seen 
information exchange as a priority and have lacked the coherence 
displayed by their zoological counterparts. As a result, where they exist, 
information networks for botanical garden accessions are still mostly 
national in scope, and that in spite of the early existence of a suitable 
software (BGBase, Walter, 1989; Walter & O’Neil, 2000).

◆ Data collections of floristic and faunistic mapping records and other 
organism observation records (bird ringing, migratory animals, etc.), 
although restricted to national and regional scope, represent huge data 
collections, often based on several decades of recording. For example, 
the German Database of Vascular Plants (BfN, 2001) contains more than 
13 million records of high-quality grid-based observations (R. May, 
pers. comm.).

◆ The CABRI (Common Access to Biological Resources and Information) 
system allows access to collection catalogues of quality-controlled 
biotechnological resources covering animal and human cell lines, 
bacteria and archaea, fungi and yeasts, plasmids, phages, DNA
probes, plant cells and viruses. The eight European centres currently 
participating encompass 26 collections holding nearly 140,000 
deposits (90,000 of which are currently included in the catalogues), 
which represent approximately half of the deposits available in Europe. 
The system was set up as a eu-funded project and is now maintained 
by the participants (CABRI, 2002).

◆ In the field of natural history collections, international networking 
was comparatively weak until the end of the 1990s, in spite of a 
high level of knowledge about data structures and several existing 
standard formats for data exchange. A number of reasons account 
for this situation: (i) access to natural history collection information 
traditionally relies on physical examination of sorted physical objects, 
so that computerisation of specimens was not a priority; (ii) the sheer 
size of the task of digitisation – billions of specimens – impeded its 
execution; (iii) the global scope: lack of easily accessible authority files, 
especially for taxa and for geographic areas adds considerably to the 
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cost of data capture; (iv) data capture by means of text input often 
results in datasets of low quality, especially if done by non-scientific 
personnel; and (v) lack of suitable software, i.e. programs that are able 
to cope with the complexity of specimen information (cf. Berendsohn & 
Nimis, 2000) and at the same time offer an easy-to-use interface for 
data capture.

However, in some countries funding agencies, local or state governments, or
individual institutions recognised the importance of the information
contained in natural history collections and proceeded to collect or network
data on specimens pertaining to their area of interest. Many such efforts exist,
and it is obvious that persistent efforts are now starting to pay off. Examples
of such unit-level networks are noted below by region:

◆ South Africa. The precis database was started in the early 1970s and 
is now used by the majority of herbaria in the region (57%) as well 
as being endorsed by the regional Botanical Diversity Network 
(SABONET, 2002).

◆ Mesoamerica. The Mexican Comisión Nacional para el Conocimiento 
y Uso de la Biodiversidad (CONABIO) uses its BIOTICA software and now
collaborates with the Costa Rican Instituto Nacional de Biodiversidad 
(INBIO) to form a specimen access network (CONABIO, 2002a).

◆ Australia. The Australian Biological Resources Study network (ABRS, 
2002) presents an impressive range of activities, based on earlier 
networking efforts started in the 1980s (Environmental Resources 
Information Network, ERIN). Funding of specimen-capture software 
forms an integral part of the effort. At least for botanical collections, 
a decision has been taken to establish a complete inventory of 
specimens held in the nation’s herbaria, the Australian Virtual 
Herbarium (ABRS, 2001).

◆ Usa Collection digitisation has been promoted through grant 
programmes of the National Science Foundation, either directly for 
specimen data capture (see NSF, 1998), or indirectly by supporting 
software development such as Biota (Colwell, 2002), SPECIFY (Anon., 
2002), and various institutional databases as well as networking efforts, 
e.g. Species Analyst (Anon, 2002a).

◆ Europe. Several examples exist on the institutional or national level, 
but in spite of the immense global significance of European natural 
history collections, research funding agencies have been reluctant to 
support the digitisation of specimens up to the present day. The EU has 
started backing collection networking as part of its support for the 
construction of a European research infrastructure. Underlining the 
need for improving communication between European collections,
including issues of digitisation, has been the foundation of the 
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Consortium of European Taxonomic Facilities (CETAF), a body that has 
served to anchor the ENHSIN initiative. ENHSIN partners restricted the 
project’s scope to the level of specimen (unit) information, and to 
natural history collections. These restrictions were agreed in view of the 
existing eu-funded BioCISE project, which focused on metadata about 
collections in Europe (BioCISE, 1999). ENHSIN and BioCISE partners 
collaborated to establish a Biological Collections Access System for 
Europe (BioCASE), a project that commenced in January 2002. BioCASE
is attempting to unite collection-level and unit-level (i.e., specimen-
based or observation-based) information in a common access system 
(Berendsohn Häuser & Lampe, 2000).

Standardising collection access
Once the decision to share data is taken, the fundamental prerequisites 
for interoperability are compatibility of data definitions and a common 
access protocol.

Standardised data access protocol
Protocol development. With regard to communication and access proto-
cols, the Internet and World Wide Web provide a solid base. The present
consensus is that any system to be created in the biological domain should be
based on established Internet and W3-standards, particularly hypertext
transfer protocol (HTTP) and extensible markup language (XML). The decision
to develop the ENHSIN prototype (Güntsch, this volume) exactly along these
lines was taken after evaluating the Species Analyst prototype (Vieglais, 1999),
which at that time used the Z39.50 protocol. 

The core purpose of ENHSIN is to construct a demonstrator access system
to natural history collections throughout Europe, which implies the eventual
incorporation of at least several hundred collection databases into the
network. This is a considerable technological challenge because the existing
prototypes cannot handle a network of this size. Moreover, to truly realise the
envisioned role of biological collections it is necessary to significantly widen
the scope of data points that can be queried, or at least the number of
defined data items the network can return to the user. XML schemas are used
to standardise the returned data, and schemas developed by other communi-
ties will be incorporated. The data access protocol should be independent of
the schema underlying the returned data. A standard query format, preferably
also in XML, has to be developed. Considerable standardisation and develop-
ment efforts are necessary to reach these goals. 

Steps towards developing a data access protocol based on HTTP and XML
are taken by the CODATA/TDWG (Committee On Data for Science and
Technology/Taxonomic Database Working Group) working group on access to
biological collection data (ABCD, 2002), and particularly the distributed
generic information retrieval project (DIGIR, 2002). In the European context,
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both the BioCASE project and ENBI (European Network for Biodiversity
Information, which at the time of writing is in contract negotiation) are
pursuing similar aims. It is also expected that the Global Biodiversity
Information Facility (GBIF) will play a substantial role in fomenting and accel-
erating the protocol standardisation process. 

Standardisation process. Apart from providing the technological base for
networking and interoperability, the World Wide Web also provides a model
for a process of supported, but in essence non-governmental, self-organisa-
tion and standardisation. It is expected that the Global Biodiversity
Information Facility, GBIF, will join forces with community initiatives such as
tdwg and ongoing networking projects to facilitate this process. The devel-
opment of a protocol for data access to heterogeneous distributed
information resources is a field of wide potential application, so that it makes
sense to collaborate with, for example, the library community. The responsi-
bility for the development of standardised data definitions, however, clearly
rests with the biological scientific community. 

Data definition
Information models. A prerequisite for standardising data definitions is a
thorough knowledge of information structures in the subject area. During the
1990s, much effort was dedicated to the task of information modelling. Many
models of implemented systems were published (see TDWG reference list,
Berendsohn, 1999), but rather few research models exist. Research or ‘refer-
ence models’ look at the structure of the information itself, without being
bound by specific implementation restrictions and deadlines. The us
Association of Systematics Collections held a workshop in 1992, which pro-
duced a core model (ASC, 1993). The ASC Model has been adopted at least in
part by many database systems in natural history collections. The transaction
model of the Smithsonian Institution’s National Museum of Natural History
(CRIS, Anon, 1994) was based on an extensive review of legal context and best
practices in museum collection management and has been used in several
implementations and information models. In Europe, two EU-financed
Concerted Action projects helped to produce and publish a general reference
model for biological collections (Berendsohn et al., 1999). For observation
data, the British Recorder Model (Copp, 2000) is essential reading. For botan-
ical taxa the IOPI Model was developed (Berendsohn, 1997). It has been
further developed in the course of the Euro+Med project (Güntsch, Li &
Berendsohn, 2002) and could easily be adapted to cover zoological taxa. 

These modelling efforts have been very extensive and thorough, and, as a
result, the information domain of collections and taxa should be considered
as well understood.

Data standards and standard data, past efforts. The Taxonomic
Databases Working Group (TDWG), a voluntary community organisation
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established as a commission under the International Union of Biological
Sciences, was created in 1985 to foment standardisation efforts in (original
botanical) databases. Annual meetings drove the process, and working groups
were formed to tackle different problem domains. Several data-exchange
standards were developed or adopted, among them that for botanical gardens
(ITF, Wyse Jackson, 1997), for botanical names (Bisby, 1995), and for
herbarium collections (HISPID, Conn, 1996). Some of the ‘standards’ adopted
by TDWG are in reality standard data catalogues (authority files), which had
been developed as community efforts or within separate projects. This
includes a biogeographical scheme (Hollis & Brummitt, 1992) and standard
abbreviations for taxon authors (Brummitt & Powell, 1992) and for biblio-
graphic title citations (e.g. Bridson & Smith, 1991). 

The process of standardisation was hampered by the very nature of tdwg
as a community organisation. With its changing membership it essentially
relied on voluntary efforts and the willingness of its members to attribute
their efforts to the group. However, that the task of defining a data dictionary
for biological collections is indeed a complicated one, is proven by the drawn
out discussions that took place in existing networks and within virtually all
institutions developing their collection information system. With the possi-
bility of large-scale networking, this discussion has achieved a new urgency,
so that finally some resources are made available to support standardisation
efforts to achieve compatibility between different data sources. ENHSIN has
been one of the projects contributing to this aim. TDWG is currently taking
steps to revise its procedures and adapt to its newly won recognition by inter-
national organisations as an appropriate body for the standardisation process.

Compatibility of data definitions. This can be separated into structural
compatibility and semantic compatibility. Traditionally, semantics and struc-
ture have been combined, sometimes with elements of protocol (e.g. HISPID).
Exchange standards were used at first primarily to extract data from existing
datasets or to specifically prepare data for a central system (e.g. ITF). 

To achieve semantic compatibility, i.e. the adherence to a definition of the
contents of a data element, we need to describe and define data elements for
the entire domain. Fortunately, much of this work has already been done so
that the remaining work consists of collecting the existing definitions and
feeding them into a community-wide discussion process. 

Over the past two decades it became clearly apparent that full structural
compatibility (i.e. use of the same fields and relations, the same database
schema) is impossible to achieve in all but a few exceptions. Too many systems
are already in existence and databases may vary widely in the coverage of the
domain and thus actually need very different structures. An exception to this
general position exists for many Mexican collections, which, thanks to an
early start, a co-ordinated effort, and sufficient and constant support, are
using the Biotica database, devised and developed by CONABIO (2002b). The



28

specify database system (Anon., 2002) developed at the University of Kansas
and used in over 50 collections should also be mentioned in this context. 

Most exchange standards or access ‘profiles’ have circumvented the
problem of relational structures by de-normalising the data to form a single
flat-file (or two files, with the second one covering the metadata describing
the dataset). The fields in the file describing the unit (specimen or recorded
species) are uniquely defined, i.e. a specific datum is normally only found 
in one place. Two strategies have been developed to overcome the problem
of different cover for data items: either the common profiles or exchange
standards were focused on a few data items considered most important and
common (minimal common denominator approach, e.g. ‘Darwin Core’ or
‘ENHSIN element set’), or they have been devised in a drawn out laborious
process adapted to – and involving changes in – the participating databases
(‘adaptive collaboration’, e.g. among Australian herbaria in the process of
hispid development). 

Conclusions. Both approaches are impractical for our purpose. The minimal
common denominator approach, although technically enticing and leading to
quick initial successes, is overly restricting the content that may be provided
for direct analysis. The prediction is that it will soon fail to fulfil the expecta-
tions of research users of the network. The second approach – adaptive
collaboration – is not possible given the number and variation among data
providers participating in a global collection information system covering all
disciplines. What is needed is a flexible approach, allowing for efficient
integration of the data resources produced by the community. A wide range
of data items needs to be defined semantically to ensure their compatibility
when received by client systems. Of course, some mandatory elements and
data access points must be defined, and this is where the common denomi-
nator approach will prevail.

BioCISE surveyed and informally compared existing database systems,
which led to ENHSIN’s recognition of the need for variable atomisation, i.e.
the possibility of representing data both in structured and less structured
form. For example, many data files or even databases created by taxonomic
experts in their course of work may be excluded from public access simply
because they do not adhere to a certain level of atomisation (and the experts
are not willing to invest the time to re-structure their data). On the other
hand, to be able to deduct content relations from structure, certain rules must
apply to the relationships among such data items. A compromise allowing for
variable atomisation but providing a structure open to machine analysis is the
hierarchical approach. Using hierarchical decomposition as the method for
analysis (cf. Berendsohn, 1997), we achieve a tree of data items where the
nodes represent differing atomisation levels of the data. It is read from top to
bottom as a series of ‘consists of’ relationships. Such a structure can be
expressed as a tree in an XML document, with an alternative free text element
provided for the summary of the contents of data elements of a certain level.
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Of course, the relationship in content can only be ensured by means of semantic
definition, integrity rules can only apply to highly atomised data items.
However, the ENHSIN prototype has shown how a query client can use alter-
native text structures for controlled ‘fuzzy’ queries (see Güntsch, this volume). 

Further needs
Present efforts are focused on data access and retrieval. For the data
providers, the reverse route, standardised feedback, will be increasingly
important. For example, a suitable remote annotation scheme for natural
history specimens and specimen information is needed. Where specimens are
routinely duplicated and distributed to several collections (e.g. botanical
specimens), a ‘harvesting’ scheme to take advantage of data capture else-
where can lead to considerable synergies (J. Croft, pers. comm.). Standardised
feedback will also contribute to overcome one of the most serious impedi-
ments for effective use of collection information resources: the issue of data
quality in collection databases. 

ENHSIN’s contribution to the evolving
collections information system
The ABCD Working Group is in the process of developing a protocol specifi-
cation as well as a comprehensive XML Schema including data element
definitions, which are to be proposed to TDWG and GBIF as a standard.
ENHSIN has actively supported this process by producing a first draft
Document Type Definition (DTD) in 2001. This has been adopted by the
BioCASE project (the proposal of which was a joint initiative of BioCISE and
ENHSIN). ENHSIN has also been instrumental in proposing an implementation
within the European Network for Biodiversity Information (ENBI) using the
emerging standard. An ENBI workpackage is now dedicated to collections and
within that, the ENHSIN prototype is to be extended both in the number of
databases accessed and in the scope of data items provided. Work on the
ABCD standard currently proceeds in a workpackage within BioCASE
(Thomson, 2002). Within the subgroup tackling the protocol development,
the Berlin team of ENHSIN contributed the experience gained while imple-
menting the ENHSIN prototype. All this clearly shows the important role EU
supported projects play within this global drive towards interoperability of
collection data resources. 

So, apart from aforementioned European collaborative aspects, the contri-
butions in the fields of intellectual property rights (Owens, this volume), 
user interests (Calbuig et al., this volume), and business models (Los & de Jong,
this volume), the ENHSIN project and the prototype network have demon-
strated the viability of a network using a hierarchical structure of data 
items with variable atomisation in the access system. This approach will 
considerably widen the scope of potential data sources that can be integrated
into the network. 
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