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Abstract.—Online biodiversity portals and databases enabling access to large volumes of biological
information represent a potentially extensive set of resources for a variety of user groups. However, in
order for these resources to live up to their promise they need to be demonstrably useful to the
communities they are intended to serve. We discuss a number of principles that can be applied to portal
development that assist in defining the scope of user communities, determining their requirements within
the context of the data available and establishing realistic goals for a portal or portal development tools.
We highlight a lack of user involvement and formalised requirements analysis in biodiversity portal
projects to date, and compare this with a similar project in the Astrophysics community. It is concluded
that the poor understanding of both the users and their tasks that arises from this lack of analysis makes it
difficult to assess the success of a portal and increases the risk of the portal being judged to have failed.
We suggest that a change in the way large biodiversity portal projects are managed, presented and funded
could lead to an increased perception of success with minimal change in the underlying infrastructure,
yet enhancing the life expectancy of such projects.
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Online portals enabling access to biodiversity
information are intended to increase both the
amount of, and ease of access to data, and are
claimed to have potential value for a great variety
of users. They are intended to facilitate the
investigation of complex biological questions and
to allow researchers to develop new insights
through the agglomeration of large data sets and
provide access to appropriate analytical tools. For
example, it has been reported that studies of the
effect of climate change on flora and fauna (e.g.,
Root et al. 2003, Parmesan and Yohe 2003) and
the identification of priority areas for conservation
(e.g. Williams et al. 1996) will be enhanced
through access to larger integrated datasets.
Biodiversity portals may also hold the potential
for enabling better informed planning and policy
decisions (Sanchez-Cordero and Martinez-Meyer
2000, Jones and Thornton 2003, Peterson and
Shaw 2003).

However, it is easy to overlook the risks
involved with the development of such resources.
A major study of over 8000 software development
projects found that only 16% were considered
successful in that they were completed on time,
within budget and with all the features and
functions as originally specified (Standish Group
1994). A more recent study indicates that this
situation is improving but still only 29% of
projects are considered successful (Standish
Group 2006). The major factors responsible for
this were found to be inadequate capture of user

requirements and insufficient user involvement.
There is no reason to believe that the development
of biodiversity portals should be considered as
being different from other software development
projects. Poorly designed biodiversity portals are
just as likely to be perceived as having failed and
to remain under-utilised. In this paper we
therefore aim to investigate the extent to which a
set of well known user—oriented principles for
designing successful systems have been applied to
the  development of online biodiversity
information resources, and suggest ways in which
such projects could be better managed and
presented so as to enhance their chances of
success.

USER-ORIENTED SOFTWARE DESIGN PRINCIPLES

A large body of research exists within a set of
overlapping disciplines (e.g. Human Computer
Interaction, Requirements Engineering and
Usability Engineering) which discusses principles
and methods of elucidating end-user requirements
and incorporating them into design. Although
portal development is a relatively new
phenomenon, many of these ideas and techniques
still apply (Waloszek 2001, Zazelenchuk and
Boling 2003).

The ultimate aim of understanding end-users
and their requirements is to develop a product that
is both useful and usable, the combination of
which determine the usability of a system
(Lowgren 1995). The International Organisation
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for Standardisation (ISO) has provided the
following definition of usability: “The extent to
which a product can be used by specified users to
achieve specified goals with effectiveness,
efficiency and satisfaction in a specified context
of use.” (ISO 1998). The basic concept of
usability has been used as the basis for
establishing a set of principles that can guide a
user-oriented design process (Gould and Lewis
1985, Hewett and Meadow 1986, Gould et al.
1991, Mulligan et al. 1991). Whilst these
principles, outlined below, appear rather intuitive
they nevertheless provide a logical path through
the design process. Unfortunately they are not
frequently applied to product development (Gould
etal. 1991, Kujala et al. 2001).

Early and continued focus on users and tasks

The involvement of users in portal
development, including obtaining an
understanding the tasks that they undertake and
how these can be supported, is clearly important
for the development of usable resources. Indeed,
users have been shown to be more satisfied with
software  design arising from  thorough
requirements analysis (Kujala and Mantyl& 2000;
Kujala 2002), and lack of user input has been
cited as one of the major reasons for the failure of
software development (Standish Group 1994).
Various techniques for acquiring this type of
information have been discussed in Goguen and
Linde (1993).

Empirical design

Early on in the development process potential
users should be exposed to simulations and
prototypes and asked to carry out tasks using the
prototypes. The reactions, comments and
performance should be observed and measured in
order to identify problems and errors. Feedback
can then be incorporated into the design relatively
easily, and improvements made before a project is
committed to a full implementation.

Iterative design
Once user testing has been carried out using a
simulation or prototype, improvements should be
made and the product re-tested on the prototypes
before full implementation begins. As much as
possible the iterative phase of design should be
confined to prototypes.

MEASURING THE SUCCESS OF A PROJECT
Ascertaining a measure of the success or
failure of a project is not an exact science and
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depends largely upon the subjective assessment by
its users. Nevertheless, once a project design has
been implemented it is important that the degree
of success is measured since this will help to
inform future developments. The success or
effectiveness of commercial portals is usually
measured in terms of user acquisition and
retention (Clarke and Flaherty 2003). There are,
however, a number of alternative ways in which
success can be measured:

Achievement of requirements/goals set by project

This involves identifying and describing user
tasks that will be supported by a portal and using
the results to establish a set of system
requirements and deliverables prior to undertaking
any development. The progress and success of a
project can then be measured against this list of
targets.

Usability tests

These measure the usability of a portal by
asking a number of users to complete a particular
task and measuring their response. This is distinct
from the iteration process, as described above in
that it is carried out on the final product and
should not be considered as part of the design
process. Nevertheless the results of such tests can
be used to inform the design of future versions of
the software.

Extent of uptake and use by potential end-user
groups

Although this is the most commonly utilised
method of measuring success (usually because it
is easy to gather the necessary data) establishing a
meaningful measure of success using this method
is not straightforward. Firstly, the number of
potential end-users is clearly variable between
portals, depending on the number and size of
different user groups to be served. To overcome
this it is possible to consider the number of users
of a portal as a proportion of the potential number
of users. This of course requires that a sensible
assessment of the potential end-user base has been
established during the design phase.

Feedback

This is a passive and therefore easy to
implement mechanism for obtaining information
regarding the success or failure of the project.
Reliance on this mechanism is, however, likely to
be less informative than the other three
mechanisms. Users are only likely to comment on
negative aspects of a system although failure to
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receive any feedback is as likely to indicate user
dissatisfaction as it is to indicate success.

An important point to note here is that the
ability to measure and demonstrate the success of
a project is highly dependent upon a thorough and
appropriate initial design and the documentation
thereof. In effect appropriate early design provides
the context within which an entire project can be
managed.

ASTROGRID: A PORTAL FOR THE ASTROPHYSICS
COMMUNITY — A “MODEL’ EXAMPLE OF PORTAL
DEVELOPMENT

We consider this project to represent a very
good model of the way the development of an
information portal can be managed. We will
therefore use it to set the baseline against which
biodiversity projects can be measured. AstroGrid
is a £10M project funded by UK's Particle Physics
& Astronomy Research Council (PPARC) and the
European Commission. It is aimed at building a
working virtual observatory for UK and
international astronomers, and is one of three
large world-wide virtual observatory projects (The
Astrogrid Consortium 2002). The following
sections examine the development of Astrogrid in
the context of the user-oriented software
development principles detailed in the previous
section.

THE DEVELOPMENT OF ASTROGRID
Early and continuous focus on tasks and users

At the start of this project, prior to any
technical development, an extensive consultation
exercise was undertaken. Contributions to this
were made through a number of routes; from
consortium members, from research carried out by
the project scientists, from consultation of
documents detailing the results of requirements
surveys from other projects, calls for input from
the wider community at academic meetings,
online and in journals, as well as from visits to
laboratories, all of which are clearly documented
in publicly available project resources (The
Astrogrid Consortium 2002).

Through this exercise science problems that
were of interest to the UK astronomical research
community were identified. Ten of these problems
were then selected as priority objectives for the
project based on the breadth of end-users showing
interest in each issue. Each science problem was
then formally constructed as a use case, broken
down to show a flow of events decomposed into
tasks for each process and sub-process. The
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results of this analysis were made publicly
available as a project resource.

User input was maintained throughout the
project through online testing, development
workshops and an online forum. The use cases
were used to define the project deliverables both
generating measurable targets and maintaining a
focus on the user tasks throughout development.
In the Astrogrid2 project, user involvement has
been taken a step further with the development of
an innovative process whereby users suggest
functions that they would like to see developed. A
number of projects are selected on a quarterly
basis and then delivered during the Astrogrid2
development cycle. The proposer of a new
function becomes part of the development
workgroup. The user community is therefore
actively involved in dictating the direction of the
development of the project thus creating a sense
of community ownership.

Empirical measurement and iterative design

User testing of the portal was carried out
online as new versions and functions became
available. Potential end-users were actively signed
up to conduct the testing and a three month cycle
of development and testing was established for
new functions. User workshops were held at the
end of each iteration cycle.

Measuring the success of Astrogrid

A good indication that Astrogrid has been
perceived as a success is that it has received £4M
for a second phase. This perception of success is
no doubt attributable to the fact that a set of
clearly defined project goals and concomitant
functional deliverables was established and
documentary evidence of the accomplishment of
those goals is readily available. Furthermore, as of
2005 the number of active users of Astrogrid was
measured at 1000. Although this is not a large
number it is nevertheless far in excess of their
prediction (The Astrogrid Consortium 2002).

COMPARING BIODIVERSITY PORTAL PROJECTS
WITH ASTROGRID

The Astrogrid project arose from a drive by the
astrophysics community for resources to utilise
and explore rapidly expanding astronomical
datasets and the Astrogrid project advertises itself
as a virtual astronomical observatory. At the
broadest level this makes Astrogrid and many
biodiversity portals directly comparable. Indeed it
might even be helpful to regard biodiversity
portals as virtual biodiversity observatories.
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When comparing biodiversity data portals with
Astrogrid we have opted to take a broad brush
approach. As such, this paper is not intending to
provide a direct critique of individual portal
developments which we would consider to be
unfair. Rather it is aiming to draw out the
common features and failings of biodiversity
portal development in order to highlight where
improvements could be made when future

biodiversity portal developments are being
initiated.
Given the current existence of large

biodiversity data portals, it could of course be
considered that putting these arguments forward at
this point would be a case of closing the stable
door after the horse has bolted. This would,
however, be a short-sighted position to take. GBIF
is still under development and even now the data
access portal is only being described as a
prototype (GBIF 2006a). When moving towards
full  implementation it would be highly
advantageous for them to take a closer look at
their end-users and their requirements. There is
also a continuous stream of new projects very
similar in nature to GBIF being proposed and
seeking funding. The EU funded EDIT
programme is an example of a newly funded
portal style project’. We also know of two other
major biodiversity project proposals that are
currently seeking funding, one concerned with the
development of an archive for DNA Barcode data
(M. Watson pers. comm.) and the other to create
an on-line Encyclopaedia of Life (R. Hyam pers.
comm.) all of which could no doubt benefit from
undertaking a user-oriented design analysis.

During the course of our research for this paper
we have in large part concentrated on studying
GBIF and BioCASE. However in order to more
fully develop our arguments we have studied the
available documentation from a wide range of
biodiversity  portal  projects  (AlgaeBase,
BioCASE, BioCISE, CABI Species Fungorum,
EMBL reptile database, ENHSIN, ENBI, ERMS,
ETI-WBD, ETI-WTD, Fauna Europaea, FishBase,
GBIF, SpeciesBank, ILDIS, LINNE, NatureServe,
Natuurloket, NBN, Species 2000 Europa and
WADSIS). We have also been able to garner
considerable information from two recent reports
on user requirements analysis in biodiversity
portal projects in which the design processes for a
wide range of projects were obtained directly from
the portal developers (Neale et al. 2005, Schalk
and Heitmans 2005).

! http://www.e-taxonomy.eu/.
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It was during this process of information
gathering that the first obvious contrast with
Astrogrid was observed. For most of the
biodiversity projects the level of publicly
available documentation regarding requirements
analysis and design strategies was so low as to be
almost non-existent despite the fact that many of
them had substantial online documentation. In
contrast, from the outset the Astrogrid project
appears to have been driven by well defined,
clearly documented and publicly available user
needs established early in the course of its
development.

Early and continuous focus on tasks and users

The users of the larger biodiversity portals are
potentially very diverse. This can make it difficult
to accurately predict exactly who will use a
service before it is operational and its use can be
monitored (Kujala and Kauppinen 2004). As
stated above the Astrogrid project overcame this
difficulty by identifying the scientific questions to
be addressed by the grid and thus the end-user
community and the functional requirements
become self-defining.

No such specific context exists for biodiversity
portals and therefore it is interesting to examine
how the scope of these projects has been
determined. For most projects it appears that a list
of potential end-users was generated by
brainstorming during preliminary design meetings
(Neale et al. 2005). Often the participants in such
meetings were either limited to the site developers
or were expanded to include potential data
providers. As a result, the lists of potential users
generated often appear over-optimistic and
represent more of a wish list than a realistic
assessment of the potential user base. The
brainstorming process of identifying potential
users should only be considered a preliminary step
towards a more fully fledged requirements
analysis. Unfortunately it appears that the majority
of biodiversity portals have stopped their initial
requirements analysis at this point and moved
straight onto technical design and implementation.
Where evidence of requirements analysis has been
published, the resulting analyses appear to have
been rather unfocussed — providing no mapping
between the tasks that the users wish to perform
and the data and functions required to support
those tasks (Calabuig et al. 2001; Larsen et al.
2004; Robinson 2005).

A recent study for the BioCASE project served
to highlight this problem (Neale and Pullan,
2005). One of the preliminary development tasks



NEALE ET AL. — ONLINE BIODIVERSITY RESOURCES — PRINCIPLES FOR USABILITY

for BioCASE project was to establish a list of
potential end-users. This was generated by a
combination of  brainstorming and by
consolidating similar lists produced by other
related projects (Neale et al. 2005). This final list
of potential end-users covered 43 diverse user
groups which were split into the following five
categories:

1. Biological systematics and university research
2. Private research and industry

3. Public services and administration bodies

4. Commercial services

5. General public

Immediately clear from this list was a
probable decrease of interest in unit level
information in favour of an increased interest in
complex synthesised data from category one to
category five of these user groups. The BioCASE
portal provides access to unit level data, and is
therefore clearly less likely to be of value to users
as you move from category one to five. This was
tested by attempting to match the data
requirements of the potential users from each
group with the data available and was achieved by
conducting a series of face to face interviews with
representatives of the groups. Without reference to
the BioCASE portal, users were asked to identify
the tasks and data required to support those tasks
that they perform as part of their day to day work.
Each task and its associated data were then ranked
by the interviewee in order of importance. A
mapping was then made between the data required
for a task and the availability of that data in the
portal. The results of this study reinforced the
initial suspicion that the data accessible through
the BioCASE portal was unlikely to directly
satisfy the requirements of the non-taxonomic
groups of potential users and that for future
development of the BioCASE portal the interface
design should concentrate on supporting the tasks
most commonly undertaken by taxonomists and a
more realistic set of objectives for the portal was
established (Neale et al. 2005). The effectiveness
of this effort was however compromised by the
fact that the requirements analysis was conducted
in parallel with the portal development and so by
the time the analysis was complete a large
proportion of the portal had already been built.

Empirical measurement and iterative design

Biodiversity projects appear to fair better in
this area than they did with regard to their initial
requirements analysis. Most of the biodiversity
portal projects are iterative in the sense that new
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versions are released periodically, presumably
incorporating elements of user feedback as and
when deemed appropriate. However, compared
with Astrogrid, the feedback mechanisms appear
to be somewhat unmanaged. The most frequent
mechanism for gathering this feedback was
through the rather passive mechanisms of online
discussion and comment (e.g. FishBase). In some
cases more active means of obtaining feedback
were established such as online surveys of invited
participants (e.g., GBIF 2006b), conferences (e.g.,
ENBI 2003, GBIF 2005) and face-to-face user
testing (e.g., Pendry 2004).

Measuring the success of biodiversity portal
projects

In terms of the mechanisms for measuring
success discussed earlier there was a lack
evidence of either clear requirements goals or
usability testing in the documentation of the
projects examined. This lack of a structured
framework and clear goals makes it very difficult
to measure the success or progress of these
projects. Although some do monitor the number
of visitors and associated statistics, meaning that
they could obtain an assessment of who is
accessing their services and for what. It was,
however, noted in an ENBI report that many
online biodiversity resources do not take
advantage of the ability to do this (Schalk and
Heitmans 2005).

DISCUSSION

In this paper we have highlighted that during
the initial development of many electronic
biodiversity resources there appears to be a lack of
adequate research into potential users and the
tasks they are likely to want to perform. While
there is undoubtedly a huge potential in these
resources this lack of understanding represents a
risk to their potential productivity, usefulness and
perceived success.

One possible reason for the lack of appropriate
requirements analysis, aside from the fact that
such analysis can be somewhat tedious and time
consuming to undertake, is that when a project is
funded it is taken as read that a definite
requirement for the project has been established in
the application for funding. If this were to be done
properly, rather than simply relying on assertions,
a full user requirements analysis would have had
to be undertaken by the applicants prior to the
application and at their own expense. Projects that
incorporate elements of user analysis into the
application risk being rejected on the basis that
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funding will not be granted to projects that can’t
already demonstrate their usefulness, a classic
Catch 22 situation. We would like to suggest a
change in funding attitudes such that it is possible
to apply for research money to properly establish
the appropriate scope and probable usefulness of
potentially interesting projects prior to application
for full funding. This would not only reduce the
risk of money being wasted on ‘white elephants’
but would provide the framework within which
the success of a project could be measured were it
to eventually receive full funding. In this vein a
great deal can be learnt from the success of the
Astrogrid project. Moreover, because funding
bodies do not appear to value requirements
analysis as part of the grant assessment process a
perhaps unexpected consequence is that once a
grant has been awarded there is no external
pressure to perform such a study. We would
therefore also suggest that funding bodies should
start to consider user-oriented requirements
analysis as being a fundamental part of their pre
and post award assessment processes. This will
not only ensure a greater level of attention to
design during a project but will give the awarding
body a far more objective framework within
which to assess the outcomes of a project.

When we have found evidence of user
requirements analysis this process appears to have
been somewhat limited. Little attempt has been
made either to define the high level tasks to be
supported by the resource, or to map the data
available to the tasks that can be supported by that
data, or even to identify the tasks that will need to
be supported by the resource for individual user
groups. The design and implementation of the
resource cannot therefore be informed by an
understanding of the relationships between users,
tasks, content and functions/capabilities, even
though such an understanding would be likely to
increase the probability of developing a truly
useful resource.

In addition to the finding arguments, it is
possible to identify a number of other possible
causes for the lack of focus on users. Firstly, at
least in the case of larger portal projects such a
GBIF, there appears to be a perception that the
portals will themselves generate requirements.
This will, however, defer the acquisition of
essential requirements data until well down the
development path and is therefore a risky strategy
to follow. The lack of focus on users may also be
related to the fact that the larger portals have such
a potentially wide-ranging group of end-users that
to look at the needs and tasks of each group is
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considered too complex. One way to approach this
may be to attempt to break down the complexity
of the user base by changing the design emphasis
of the projects. If portal providers focus on
developing flexible infrastructure architecture, the
plumbing so to speak, they could then support
user-groups in the development of their own
specific interfaces, tailored to support the tasks of
these groups. The primary output of a project like
GBIF would then be a set of tools allowing portal
interface developers to hook into the GBIF
infrastructure.  This allows the interface
development paradigm for the portals to be closer
to that for the smaller more specific resources that
already exist as stand alone data resources. Many
of the successful smaller sites are in fact
developed by their end-user community (e.g. ETI-

WBD). Their success is undoubtedly linked to

several factors:

1. The interfaces are developed by the end-user

community, the developers therefore have an

inherent understanding of the tasks they need to
perform, and the interface functions required to
support those tasks.

. Such interfaces will only be developed when the
end-user community positively identifies a
requirement for such an interface onto the resource.

. Because the user community obtains clear ownership
of the portal, the development and enhancement
cycle of such interfaces is therefore likely to be
enduring.

In addition to providing a clearer set of design
goals, adopting the approach to design suggested
here would also have the advantage of clearly
separating the design pathway of the portal
infrastructure from the design pathway of the
interfaces. Figure 1 illustrates the process by
which a set of use cases can be developed by
considering the relationships between users, tasks
and the available data. Figure 2 shows where the
design process illustrated in Figure 1 fits into the
overall design process that could be applied to a
portal and its interfaces. In Figure 2 it can be seen
that the design goals for the portal and its
interfaces are clearly separated. This leads to a
different selection of end-users when starting the
user requirements analyses, thereby keeping the
end-user groups smaller, more tightly defined and
therefore less complex. Interface developers focus
their requirements analysis on the end-user
community they wish to serve and the
infrastructure developers focus their requirements
analysis on the interface developers they intend to
support. Rather than a single set of use cases for
the entire system this will lead to the development
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cases

USE CASES

=II SYSTEM DESIGN |

Figure 1. A process by which use cases can be developed considering users, tasks and available data.

of a set of use cases for the infrastructure and a
separate set of use cases for each interface to be
developed on the infrastructure. Having said this,
the use cases for the interfaces are likely to be
somewhat dependent on those developed for the
portal infrastructure.

It may at first glance appear that this is indeed
the approach that GBIF has taken. The project has
been broken down into a number of operational
categories each with a controlling committee.
There are three operational categories that are
directly relevant to the accumulation, indexing
and access to data — DADI (Data Access and
Database Interoperability) and ECAT (Electronic
Catalogue of Names of Known Organisms),
DIGIT (Digitisation of Natural History
Collections; GBIF 2003). However, examination
of the work programmes associated with these
efforts reveals little concern for the ultimate end-
users and an overriding emphasis on developing
tools and mechanisms for the accumulation and
indexing of data at the expense of providing tools
to access the data. While the data accumulation
and indexing tools are undoubtedly essential
elements of a portal project, because there is no
clear understanding of the ultimate use of the
accumulated data there is no guarantee that the
data indexing and exchange systems developed
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will satisfy the user requirements as they emerge.
Indeed only now, seven years into the GBIF
development programme are we starting to see
evidence that users are beginning to show an
interest and looking for services, and consequently
it is only at this point that the system can be tested
(GBIF 2006a). It is, therefore, very likely that, as
intimated at the start of the paper, a considerable
amount of the infrastructure will have to be
redeveloped (“enhanced”) due to lack of timely
focus on end-user requirements. Moreover,
although there are two demonstrator projects
designed to show the utility of GBIF the primary
public output from the project currently appears to
be the GBIF data access portal. This approach is
again problematic since in essence it creates a
single point of failure for the system, i.e.
regardless of how well the infrastructure has been
developed GBIF will almost certainly be judged
on the success or failure of this interface. Altering
the design model such that the interfaces and the
infrastructure are conceptually separated, means
that the success of the portal infrastructure can
then be measured independently of the success or
failure of any of the interfaces developed on it.
Responsibility for design and implementation of
the interfaces can be delegated to the end-user
communities giving all the advantages of
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applied at this point. In the
portal interface design the
actors will mainly be end
users, and the tasks high

another, and the tasks
lower level ones for
example ‘retrieve data’

USE CASES

The requirements for the

sub elements

interface are specified by
the use cases and form a
measurable set of
deliverables for the system
design

The design of the
interface will be in
part determined by
the design of the
portal infrastructure

level e.g. identify pest
species in garden

USE CASES

The requirements for the
interface are specified by
the use cases and form a
measurable set of
deliverables for the system
design

SYSTEM DESIGN I

INFRASTRUCTURE IMPLEMENTATION

;l SYSTEM DESIGN

INTERFACE IMPLEMENTATION

Figure 2. An illustration of the design process for portal infrastructure and interfaces showing how, although
the two processes are interlinked and interdependent, they can also be separated so that end-user groups
could generate individual interfaces on top of a single portal infrastructure.

community-lead interface development discussed
earlier. The only potential argument against this is
that it is politically more difficult to sell a project
intended only to develop infrastructure rather than
high visibility public interfaces.

It would appear that within both GBIF and
BioCASE there is indeed a move towards this
approach. GBIF provides a portal development
tool based on the software it uses to drive its web
site although this software does not provide tools
for accessing GBIF data. They also provide a
UDDI registry of web services which may be
useful in data portal construction. GBIF are also
beginning internal discussions on the development
of a Universal Data Bus intended to provide just
the kind of interface independent infrastructure we
have been describing (R. Hyam pers. comm.).
BioCASE now provides the BioCase and TAPIR
protocols plus the PyWrapper data provider, and
‘unit loader’ software® which allow third parties to
develop their own collaborative networks using a
common architecture and a couple of prototype
demonstration interfaces are available®. However,
this approach is only just starting to emerge after

2 http://www.biocase.org/.

® http://www.biocase.org/products/portals/.
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five to seven years of development in which, as
far as can be judged from the project
documentation, the primary focus appears to have
been providing a single access point to distributed
data. The developments described at the beginning
of the paragraph therefore appear to have arisen as
useful by-products rather than as the products of
primary design goals. They have therefore
involved adapting their software to the broader
aim of infrastructure provision rather than
designing for this from the outset. It can only be
concluded that a move towards this truly useful
kind of tools development could have been
achieved much more quickly and efficiently had
the appropriate user-oriented design analyses been
undertaken from the beginning.
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Species (Marine Biodiversity and Ecosystem
Functioning)

ETI-WBD - World Biodiversity Database

ETI-WTD - World Taxonomist Database

GBIF - Global Biodiversity Information Facility

ILDIS - International Legume Database & Information
Service

LINNE - Legacy Infrastructure Network for Natural
Environments

NBN - National Biodiversity Network

WADSIS - Transnational Wadden Sea Information
Service
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