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About GBIF

GBIF: The Global Biodiversity Information Facility

GBIF was established by countries as a global mega-science initiative to address one of the great
challenges of the 21% century - harnessing knowledge of the Earth’s biological diversity. GBIF
envisions “a world in which biodiversity information is freely and universally available for science,
society, and a sustainable future’. GBIF’s mission is to be the foremost global resource for
biodiversity information, and engender smart solutions for environmental and human well-being
(GBIF 2011a). To achieve this mission, GBIF encourages a wide variety of biodiversity data holders,
generators and users across the globe to discover and publish (make discoverable) data to global
standards through the GBIF network. Website: http://www.gbif.org.
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Executive Summary

An unprecedented amount of biodiversity data is becoming available on the internet.
However, significant amounts of data, particularly historic data, are not available online.
The Global Biodiversity Information Facility publishes millions more primary biodiversity
data records every year, but finds that this is a decreasing proportion of the potentially
available data it could publish. Because data sharing agreements and policies alone are
insufficient, new approaches are required to accelerate data publication. Only in the past
few years have scientists begun calling for data ‘citation’ and referring to data
‘publication’ rather than data “sharing’ and ‘availability’. Issues of intellectual property
rights (IPR) only complicate data access in the latter contexts. In contrast, the

‘publication’ process has well-established conventions that simplify and clarify IPR issues.

Concerns over data quality impede the use of large biodiversity databases by researchers
and subsequent benefits to society. Peer-review is the standard mechanism used to
distinguish the quality of scientific publications. Here, we argue that the next step in data
publication is to include the option of peer-review. Data publication can be similar to the
conventional publication of articles in journals that includes online submission, quality
checks, peer-review, and editorial decisions. This quality-assurance process will at least
assess, and potentially could improve the accuracy of the data, which in turn reduces the
need for users to ‘clean’ the data, and thus increases data use while the authors and/or
editors get due credit for a peer-reviewed (data) publication. Adoption of international
and community-wide standards related to data citation, accessibility, metadata, and
quality control would enable easier integration of data across datasets. Metadata, for
example, would include relevant information about the datasets that would enable a user

to better understand the data and determine its suitability for use for particular purposes.

It is recognized that a significant amount of data is already published without peer-review,
both through GBIF and other databases, and through various internet and print media. This
will continue. However, providing a scale of quality assurance, of which the highest
standard is peer-review, will both improve quality assurance and attract the attention of
scientists and organizations that place little value on non peer-reviewed publications. Most
steps in the process proposed here are already undertaken by GBIF and/or some of their
participants. The peer-review process is well-established in the science community,
including peer-review of biodiversity data by several journals. Thus the process proposed
here is practical and does not pose new technical difficulties. It may be implemented by

GBIF in collaboration with its participants and science journals.
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Data publications should strive to be of similar merit as other peer-reviewed publications,
and thus be recognized by employers, funding agencies and scientists as a meritorious
activity. This will require metrics of data use, such as views, downloads and citations.
Here, we propose a staged publication process involving editorial and technical quality

controls, of which the final (and optional) stage includes peer-review.

Vi
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Section 1: Introduction

In today’s digital world, all biodiversity information and data should be available online,
unless there are sound reasons why they be kept confidential (e.g. rare bird nesting site).
Information that is not online will be overlooked by most readers. For biodiversity data the
requisite storage capacity and infrastructure are available, and there are continuing
improvements in indexing and automated tools for data management (e.g. Costello and
Vanden Berghe 2006, Guralnick et al. 2007). However, quality assurance is inconsistent
and a culture of data publication is lacking. Consequently, relatively few scientists use
biodiversity databases for their research, and few scientists contribute data back to the
community. While millions of dollars of important, publicly-funded data are ‘lost’, global
issues remain such as climate change, over-fishing, infectious diseases, and invasive
species, threatening human food sources and ecosystem health. Addressing these
challenges requires that existing data be published, properly maintained and openly

accessible.

Biodiversity data can include inventories of species names and their synonyms, data on
species distributions in one or more places and times, images and sounds of the species or
their anatomy, ecological interactions, behaviour, descriptions of the dataset, and
analyses and interpretations of the data (Costello 2009a). In this paper we are most
concerned with the primary biodiversity data rather than the secondary (e.g. modelled or
simulated) data derived from it, and interpretations and descriptions around data. Data
may thus be numerical, categorical (e.g. species or place names), images or sounds.
Examples of datasets include: bird counts; insects captured by light and pitfall traps, or
canopy fogging; fishery trawl data; benthic macro-invertebrate surveys; counts and images
of whale observations; water quality monitoring that includes biological indicator species;
specimen collections (e.g. in museums); results of ecological research studies; habitat and

biotope maps; and compilations of data from the literature.

Making data available increases visibility of scientists” work, and can increase the citations
of their papers (e.g. by 70% for cancer clinical trials, Piwowar et al. 2007). This may be an
incentive to some scientists, but still less than half of authors make their data publicly
available online (Piwowar et al. 2007, Piwowar 2011). Even in those journals which have a
policy that data should be made available, one study found most (59%) papers did not
follow it (Alsheikh-Ali et al. 2011). Another survey found that while 80% of scientists
wanted access to data created by others, only 13% did not want to share their data, but

only 20% have actually shared data (Smit 2010). Clearly, data sharing agreements and
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policies are insufficient, and new approaches are required to increase the availability of
high quality biodiversity data (Costello 2009a).

Available data are increasing

Never before have there been so many scientists publishing so many papers and books
(Ware and Mabe 2009). There are over 26,000 scholarly journals at present, and about 50
million research articles published by the year 2010 (Jinha 2010). Advances in
technologies, from medical studies to mobile phones, satellites to environmental sensors
and videos, enable ever-increasing amounts of digitized data to be automatically captured
(Porter et al. 2011, Michener and Jones 2011). The Global Biodiversity Information Facility
(GBIF) publishes millions more records of species every year (Chavan et al. 2010).
However, centuries of irreplaceable historic data on biodiversity and the environment
need to be moved into the digital environment to provide the historical context for
present observations, and enable predictive modelling of the consequences of human
activities for the environment and biodiversity, including human food and ecosystem
services (Michener et al. 1997). These past observations cannot be reproduced and thus
must be a priority for digitization (Rumble et al. 2005, Baird 2010, Parr et al. 2012). This
historic record is especially important for taxonomy, because the first description of a
species has legal priority for that species name (Page 2008). In contrast, biomedical data

are largely a recent phenomenon.

Data centres and repositories do exist but this does not necessarily mean that there is
sufficient motivation for scientists or organizations to submit data to them. Despite the
large volume of data published through GBIF, significant amounts of historic data are not
yet included and more data are continually being collected (Yesson et al. 2007, GBIF 2009,
2010, Reichman et al. 2011). There is a need to motivate and reward the contribution of
data to international integrated databases by bringing data publication into the
mainstream of respected scientific publications (Costello 2009a, Chavan and Ingwersen
2009, Wood et al. 2010, Moritz et al. 2011, Reichman et al. 2011,).

Need for standards

A benefit of integrating data into one system is that it drives standards for data
management. Standardized, quality assured, permanently archived databases are essential
to manage the collection, storage and accessibility of this growing data stream. This is
widely recognized (e.g. Wood et al. 2010), with significant investments in new data

infrastructures, but with insufficient attention to bringing past data into a quality
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controlled digital environment. For example, an expert-validated inventory of all species
that reconciles synonyms and nomenclatural confusion is essential for integrating high
quality biodiversity data from different sources and years because there are many names
for the same species, including multiple scientific names (i.e. synonyms). Over 20% of
species names are synonyms and the application of a name can change over time (just as
geographic names can) (e.g. Gaston and Mound 1993, Chavan et al. 2005, Stork et al.
2008). This master-inventory of species names is critical for molecular to ecosystem level
studies but is not yet complete, although progress is being made by the taxonomic
community (e.g. Bisby et al. 2010, Appeltans et al. 2012). Its completion is feasible. About
100 experts have contributed the non-marine components to the Catalogue of Life (CoL,
Bisby et al. 2011) which is at least two-thirds complete, and 200 to the World Register of
Marine Species (WoRMS) (Costello and Appeltans 2008, Appeltans et al. 2012) which is over
90% complete. The remaining taxa may be the most difficult to compile, but (given
resources) these figures suggest that it should be possible to engage 50-100 new experts to
complete the CoL within the next 5 years. The quality assurance and global nature of such
a taxonomic inventory will make it the standard and in turn promote further standards in
data management. Similarly, molecular databases drove the need for standards to aid data
exchange and management that in turn facilitated data analysis and research in genomics

and drug discovery (e.g. The Gene Ontology Consortium 2000).

Section 2: Data Publication

Decades ago, it was not uncommon for journals and monographs to publish species
inventories, data from ecological surveys, and data appendices. However, the cost of print
and postage led to journals being very reluctant to publish tables and appendices of
primary data. Today, the availability of online appendices and electronic publication
means this is no longer an issue, and at least some biodiversity journals, e.g. Zootaxa and
Phytotaxa, publish species inventories both in print and online, and the European Register
of Marine Species (ERMS, Costello 2001) database was published as a special issue of a
journal and a book (Costello et al. 2000). Thus the concept of publishing primary

biodiversity data is not new.

There appears unanimity amongst inter-governmental organizations, governments, science
journals and science funding agencies that at least data created using public funds or for

the public good (e.g. environmental monitoring data) should be publicly available
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(Costello 2009a, Thessen and Patterson 2011, Chavan and Penev 2011). To be made
‘public’ implies ‘publication’ (Box 1). Scientific publishers increasingly expect authors of
papers to make their data publicly available, ideally in international databases, in
permanent institutional repositories, or as online supplementary material (reviewed in
Costello 2009a). However, the peer-review and editorial processes generally exclude
assessment of the associated data. Important exceptions include the Ecological Society of
America’s (ESA) Data Papers and Ecological Monographs, the Earth System Science Data
Journal (ESSD), and Marine Biodiversity Records. A new open-access journal, Aquatic
Invasions, publishes peer-reviewed papers with distribution data on species and has

recently established a sister journal, Biolnvasions Records for data papers (Panov et al.

2011). This year, another new journal Datasets in Ecology (www.datasets.com) was
launched, and the publisher Pensoft has announced the introduction of ‘data papers’ in six
of its journals. Thus unless the authors publish in a specialist ‘data journal’, there is no
oversight to ensure the dataset is to an international standard, has adequate metadata,

and is largely free from errors.

Online appendices to printed scientific papers are not an ideal method of publication
because they are not necessarily peer-reviewed (Lawrence et al. 2011), and may not be
subjected to independent editorial attention. Because such appendices are not required to
conform to standards for data or metadata, their re-use can be problematic. Furthermore,
a significant portion of such ‘supplemental materials’ become inaccessible over time
(Santos et al. 2005, Vision 2010). Institutional repositories may be preferable where they
provide permanent archiving, but most lack peer-review, editorial-review and the ability
to be familiar with emerging standards for all disciplines. Dryad provides the option for
authors of papers published in biodiversity related journals to deposit their datasets in a

central open-access repository (http://datadryad.org). By early 2012, it had published

over 3,000 data files from articles published in 100 journals. Specialized data centres are
most familiar with data standards, and in-house staff provide some quality assurance of
data and metadata quality (e.g. PANGAEA and the Distributed Active Archive Centers
(DAAC's) of the National Aeronautics and Space Administration (NASA)), However, only
GBIF and similar organizations, including GBIF participants, provide this specialist
attention to integrate biodiversity data. Thus, specialized data centres and databases are
preferable for data publication. These include GenBank, Protein Data Bank and similar

systems that manage molecular and chemical data. These databases provide unique
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services to academic, governmental and commercial researchers. However, biodiversity
and environmental data have lagged behind, and the concept of data publication is not a

widespread practice within biodiversity science.

Perhaps the primary reason why data publication is not the norm, is that most data
policies refer to ‘sharing’ or making data ‘available’, rather than ‘publishing’ them (e.g.
Wellcome Trust 2010, Group on Earth Observations 2010). This is a key distinction,
because making something available suggests a negotiation between the parties involved
as to the terms and conditions of data availability. This may require direct payment, joint
authorship of scientific papers for which the data are used, or partnership in research
contracts (e.g. Costello 2009a, Cragin et al. 2010, Tenopir et al. 2011, Thessen and
Patterson 2011). Fortunately, this is not the case for scientific papers, and should also not
be for datasets (Altman and King 2007). These calls for making data ‘available’ may be
counter-productive because they pressure scientists to do something outside their comfort
zone. They may not have clarified data ownership and dissemination policy with their
collaborators, employer, and/or funding sources. By giving their data away they may be
criticized by these organizations and/or individuals for having handed competitors an
advantage, and compromised their ability to re-use the data and/or leverage more funding
based on it. Furthermore, a significant amount of work may be required to get the data
into a well-described format that others can use. Whether or not these concerns are
justified is immaterial, because there is little incentive for the scientist to spend time
overcoming them when their success is primarily judged by publications. In contrast,
‘publication’ is the normal expectation of funding agencies, collaborators, and employers
of researchers.

Biodiversity data publication

There are a suite of open-access scholarly biodiversity databases on the World Wide Web
(e.g. listed in Thessen and Patterson 2011). Most provide information on species, with
well-established examples such as FishBase (Froese and Pauly 2011), AlgaeBase (Guiry and
Guiry 2011), and the Global Invasive Species Database (Anon. 2011a), and emerging
systems using images, such as to identify individual whales from their photographs

(www.cetabase.info). A few provide standardized distribution data, such as VertNet

(Constable et al. 2010) and the Ocean Biogeographic Information System (OBIS, Costello et
al. 2007), and feed (and republish) data into GBIF. GBIF was established to make
biodiversity data publicly available and thus satisfy a key aim of the Convention on

Biological Diversity. As an inter-governmental organization financially supported by -
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participant countries it is by far the largest resource for biodiversity data in the world and
the only one with an inter-governmental governance and funding structure. GBIF and OBIS
are organized as global networks of national, regional and thematic nodes that compile
and deliver data to a database which is published through a single portal. In contrast,
some molecular databases began as competing initiatives that now exchange data but
remain independently managed and thus retain an element of competition (e.g. GenBank).
Although this paper focuses on the role of GBIF, its principles can be applied to other

biodiversity data initiatives.

Over its first decade, GBIF published over 300 million records of species, from 14,000
datasets supplied by 400 organizations from over 40 countries, with over 4.5 million names
(Figure 1). The names include scientific, vernacular and other names, and amounts to
almost 1 million species of which 590,000 have distribution data (Tim Robertson, pers.
com. 4™ July 2012). The marine component of GBIF, OBIS, contains over 120,000 species
which is over half of all described marine species (Costello et al. 2011). Similarly, searches
of the occurrence of bivalve molluscs found that about half the known species have data
in OBIS and GBIF (Saeedi and Costello, 2012). Despite a widespread impression that
museum specimens comprise most of the data, about 80% represent species observations
and samples (GBIF 2010). The data from each source are organized in standardized tables
so they can all be integrated into a large searchable database (Wieczorek et al. 2012).
Most data are georeferenced, so that over 85% of animals and 76% of plant species can be
mapped (Chavan et al. 2010). The sum of local and regional data can thus be used to
examine global scale phenomena. Over two-thirds of the datasets in GBIF have been
provided by government organizations whose staff are directed to do so. Far fewer
datasets are delivered from the academic community although it publishes ca. 75% of all

scientific papers, despite comprising only 15-50% of all scientists (Ware and Mabe 2009).
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Figure 1. The number of (a) millions of species distribution records published by GBIF (solid
dots), (b) hundreds of datasets (squares), (c) publications that use data from GBIF (triangles),
and (c) publications that reference GBIF (hollow circles).

Although the quantity of published records in GBIF has been increasing, the amount of
biodiversity data not available to it is also increasing (Figure 2). GBIF has been capturing a
decreasing proportion of the biodiversity data that are available (Chavan et al. 2010). This
publication deficit needs to be addressed for GBIF to be more complete. Additionally, the
spatial and temporal coverage of GBIF data is very uneven. A critique of GBIF progress
recognized that criticisms by scientists over data accuracy may be impeding data reuse
and consequent benefits to society and thus recommended a greater focus on data quality
(Peterson et al. 2010). Nevertheless, the number of publications that used data from GBIF
is increasing (Figure 1). Thus issues of both GBIF data completeness (quantity) and
accuracy (quality) must be urgently addressed. GBIF needs to address not just the amount

of data, but geographic, temporal and taxonomic coverage.
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Figure 2. The percentage of data provided to GBIF (circles) compared to the amount of
species distribution records digitised but not provided to GBIF (squares), and not digitised
biodiversity data (triangles) as reported by the GBIF community in 2007 (n = 33
respondents), 2008 (n = 29) and 2009 (n = 27).

The process of biodiversity data publication through GBIF is that member countries and
organizations send data, or they endorse others to send datasets to GBIF. The data are
submitted or linked to GBIF in standardized files which are then made available online.
Datasets are described by ‘metadata’ that include the source, version, and how they
should be cited. However, the data are not subject to prior approval or review by anyone
except the scientists who delivered and/or created them. This process may have been
acceptable in the early days of GBIF but such a self-evaluation process is not one that

scholarly science journals follow.

Initially GBIF and OBIS proposed an entirely distributed data system. Users would enter
search terms at the portal and it would search a network of nodes for responses. Thus
data providers could control what data was being released and stop the release of their
data if they wished. However, as the system grew searches would slow, and unless the
entire content was analysed and indexed, the portal would not know what data was
potentially available. A ‘no response’ could mean no data was available or one node was
offline or some other temporary error. Now, like most search engines, GBIF caches all
data, effectively creating a centralized database enabling faster system responses and

more accurate searches by for example, species, higher taxon, and/or geographic
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location. Thus, the data providers are no longer in direct control of their data and GBIF
has become the ‘publisher’. Indeed, it is doubtful that once made available on the
internet the data could ever be withdrawn even if GBIF no longer published it; it may well
have been downloaded by users. Our description of GBIF as the publisher of the data thus
helps clarify the reality of the situation and may prompt some reflection as to the

language used around this process within GBIF.

Data publication through GBIF is opportunistic rather than strategic or aimed to fill gaps
demanded by users (Berents et al. 2010). A more incentivized publication model may
encourage scientists to offer datasets to GBIF for publication, just as they now offer
papers to journals to publish. This may be direct to GBIF, through one of the GBIF
participants, or offered through a biodiversity journal. This does not exclude the present
process of data publication continuing, but offers a quality assured process that may be

more attractive to scientists and data users.
Intellectual property

Although individual data items or facts are not copyrightable (Box 1), compilations of data
into checklists or other contexts usually are because they involved some organization,
design and intellectual activity in their creation (Van den Eynden et al. 2011). Field
sampling programmes will have involved consideration of sampling design and methods,

and subsequent laboratory analyses and data processing.

In addition to the minimal incentives to encourage scientists to publish their data, the use
of terms such as data exchange or sharing, and consequent opaqueness about copyright
and licensing arrangements do not help. Issues of intellectual property, data, database
and dataset ownership, and licensing agreements for data use arise when data are
‘shared’ or ‘made available’ (Box 1). These terms imply some negotiation or agreement.
Consequently, a quagmire of different policies, national legislation regarding copyright
and data protection, expectations of users, and different licences for commercial and non-
commercial users, surface and effectively stifle data access (Costello 2009a, Tenopir et al.
2011). However, similar issues affect conventional scientific publication, but the only
expectation is that the publications are appropriately cited. Of course access to
conventional publications usually requires the reader or library to purchase the book,
subscribe to the periodical, or for the author or a sponsor to pay for it to be ‘open-
access’. There are some exceptions, such as when an institution or government funds the

publication process. Such an example is the open-access online European Journal of
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Taxonomy where neither the author nor readers pays (Bénichou et al. 2012). The extent to
which this institutional financial support can increase in the long term may dictate the
number of articles and pages the journal can ultimately produce. In contrast, author-pay

and reader-pay models can achieve economies of scale as the journals grow in output.

Data portals that publish data from centralized or distributed sources should have a
common policy, such as a Creative Commons license, for the use of their integrated
datasets (Hagedorn et al. 2011, Desmet 2012). This is independent of what person or
organization holds copyright on any of the data. Science journals and book publishers may
or may not hold copyright on the material they publish, but they provide it for use in a
consistent way. By allowing each dataset to have its own license terms in the dataset
metadata, GBIF has different terms of use for different datasets. However, this
information is not easily visible and will thus be overlooked by most users who may then
inadvertently contravene some license conditions. This does not mean scientists need to
sign over data ownership (GBIF does not assert any copyright over the data), but they
implicitly give GBIF the right to index, clean, and publish the data integrated with other
data so that they conform to a common standard and recognize this added value. If there
are reasons not to make some data publicly available (e.g. commercial or conservation
sensitivity), then it should not be published. This model can also apply to open-access
journals. For example, the BioMed Central and Public Library of Science journals let

authors retain copyright on the content of their papers (Bourne 2005).

A survey of GBIF participants explored IPR issues that impeded publication (GBIF 2009). It
found 60% of respondents felt the current IPR framework was adequate and none found it
inadequate. A survey in 2011 of how GBIF participants addressed IPR on their own websites
found 51% (n = 35) had statements requiring compliance with ‘“Terms and Conditions’ of
use, but usually these were not visible. Surprisingly, 26% had no copyright statement, 40%
had no statement indicating they expected to be credited, and 70% did not provide
guidelines on how the resource should be cited. This illustrates how the scientific
community in general is unclear about how to cite and credit online resources. However,
FishBase (Froese and Pauly 2011), AlgaeBase (Guiry and Guiry 2011), MycoBank (Robert et
al. 2005), and Index Herbariorum (Thiers 2012), provide recommended citations on their
web site, and WoRMS does so at both a database and web page level (Appeltans et al.
2012). Thus it appears that IPR issues are not necessarily a constraint in publishing data
online. However, GBIF participants did feel that incentives for data publication through

GBIF were insufficient (GBIF 2009). In particular, clearer citation of datasets, use of

10
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citations to give credit to the author or editors, a citation index to track usage (e.g.
downloads, searches), and other methods to improve the career impact from publishing
data were required. Yet most datasets in GBIF have not been accompanied by sufficient
metadata to enable citation in a conventional manner. Here, we propose that presenting
data publication within the well-established framework of scientific publications can help
resolve these issues. This should include making familiar conventions for citation (as in the

Reference list of this paper) and use (e.g. Creative Commons options) easily visible.

Section 3: Quality Assurance and Control

It is common for datasets to be accompanied by statements about the publisher and/or
creators not being responsible for the use others may make of the data, or for any errors
contained in a dataset. In a 2011 survey of GBIF participants, none used positive
statements about the quality or completeness of their data. Of 35 respondents, 57% stated
they could not guarantee the quality of the data and 43% had no statement about data
quality. A similar proportion (54%) said they were not responsible for the accuracy and
reliability of the data; which begs the question as to who could be. Such disclaimers are
not prominent in conventional scientific journals. Surely the authors of papers and their
publishers have responsibilities to ensure the publication is of good quality. This often
includes a prior review of the submitted paper by editors and independent experts (i.e.
peer-review). Furthermore, if after publication some errors, plagiarism, or other defects
are found then they are corrected, or in extreme cases, the publication may be
withdrawn. It is clear to the scientific community and the public that different
publications have been subject to different levels of quality assurance and control
(QA/QC), of which peer-review is the highest quality mark. Thus, instead of having a
disclaimer, data publishers should be proactive and use transparent QA/QC procedures

like scientific journals do.

There are several components to quality assurance. There should be sufficient information
about the dataset (i.e. metadata) to indicate its creator and content, and thus fitness for
a particular purpose. We propose this include the conventional components of a “citation’
used in the print media, i.e. author (creator or editor), title indicating its content, and
source; as recently recommended by GBIF (2012). Furthermore, by classifying and

‘indexing’ the actual data, it becomes possible for users to also search and select
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particular data from several datasets directly, and later study the metadata to judge its

suitability.

One strategy is to adopt a staged QA/QC process prior to publication, since different users
and organizations may have varying constraints on the time that may be devoted to quality
control processes (Table 1). The simplest stage might be that the data are parsable and
the geographical coordinates feasible — an automatable process. The next stage may
involve the validity of the place and species names used. A further stage could involve
manual peer review by experts, followed by an editorial process and decision similar to
research articles. Following publication, various further reviews are possible based on
feedback from users. With such a staged approach, researchers or organizations that
cannot commit time to resolving issues with the data are not precluded, though of course
the system and the community need to understand to what stage the QA/QC process has

been carried out. GEON, the Geosciences Network (www.geongrid.org) uses a similar

strategy for the publication of open geological data.
Fitness for purpose

Understandably, in the early stages of collating data the emphasis is on the quantity of
data. For example, in its early years the Protein Data Bank (PDB) had to spend one-third of
its budget on data cleaning, a process only begun for some biodiversity databases.
Considering that all the purposes to which data may be put are unlikely to be predicted,
and most data may be useful for some purposes, then there can never be too much
biodiversity data. However, a large amount of data may be insufficient for one purpose,
while very little data may be adequate for another. Establishing that data are fit for
purpose is often a very difficult task, and may entail a study of both metadata, and the
processes (workflow) used to create the data, as well as their content. Enhancements to
metadata should be driven by the need to help users understand what they could and
could not use the data for. An example of such metadata, developed for the

characterization of datasets published by OBIS, is appended (Appendix).

GBIF has been operational for over a decade, and its role is to provide access to
biodiversity data. There may be an intrinsic value in compiling data into databases
because it provides future opportunities for data analyses by others in the scientific
community, including future generations. However, in a world of competing demands for
funds and personnel time, it is hard to prioritize this option without demonstrated uses of

the data. To convince people of this value, these demonstrations must provide new
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insights only possible through the creation of the database. Fortunately an increasing

number of such papers are now being published (Figure 1).

Table 1. A proposed procedure for the publication of biodiversity datasets with a high
standard of quality control, including peer-review. Possible stages where an overall quality
indicator can be applied are indicated. More quantitative metrics are also recommended

(see text).
Process Quality
indicator
1. Online submission of dataset for publication with full metadata (title, editors or
authors, contact details, abstract, sampling methods, taxa and habitats sampled, *
keywords, etc.).
2. Editor verifies the dataset is within the scope of the journal.
3. Automated tools check dataset for omissions and errors, including matching
species names against a master list, and mapping geographic data to check * %
against metadata.
4. Online tools generate tables of statistics (e.g. how many species per higher
taxonomic group, inventory of species) and maps of data locations.
5. Potential errors and omissions reported to dataset author and/or editors.
6. Dataset author (or editor as appropriate) responds to report on initial submission
technical screening, including resubmitting corrected data and metadata if
necessary.
7. Automated data checks verify dataset complete and standardized. Statistics are
recalculated and maps re-generated.
8. Dataset author or editor confirms re-submitted data and metadata are correct. * Kk ok
9. Independent experts (who may be members of an editorial board) assess (i.e.
peer-review) whether the dataset is of sufficient quality for publication.
10. The journal may wish to expose the dataset to a wider scientific audience for
comments at this time.
11. Author responds to referees’ comments.
12. Editor makes a decision on quality standard achieved by the dataset, and may
ask the dataset author or editor to revise the metadata or make other
improvements to the data before it will be accepted.
13. Data and metadata published online having passed several technical checks and
peer-review. The dataset has its own webpage that tracks the metrics of its use.
The abstract, citation, authors’ contact details, statistics and maps of the
dataset will be on this page. The data can be downloaded as tables, comma * %k kK
separated values, or in other formats as appropriate. Where appropriate, the
dataset is integrated into the GBIF database and can also be downloaded from
there.
14. Papers are published that analyzed most of the data and any errors found in this ok ke k&

process have been corrected.
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Dataset citation

Smit (2010) found 92% of scientists wanted credit for the use of their data, as would be
provided by citation of a data publication or mention in the Acknowledgements of a paper.
In the process proposed here, the editors will determine the citation style for their
journal, but one can expect it to include the common elements of authors, title,
publisher, and date of publication (Altman and King 2007, Costello 2009a, Parsons et al.
2010). Costello (2009a) listed 16 benefits of data publication, but 9 of these can only be
realized if the data are cited in this way. Following an established publication process
implies standard citation of datasets, tracking of citations, and other metrics of their use
(e.g. page views, downloads) (Costello and Vanden Berghe 2006, Chavan and Ingwerson
2009, Costello 2009a, Ingwersen and Chavan 2011). A further expectation of a cited
publication is that it will be permanently accessible as published, even if the dataset is

modified or expanded in the future.

At present, journals and authors have different policies on how to cite online resources.
Some include a url in the paper text, rather than citing them in the Bibliography or
References. Furthermore, the practice of citing the date on which an online resource was
accessed is only appropriate when it is a web page that may change over time (Altman and
King 2007). The publication of datasets in a more conventional manner, that is like
‘papers’ in a journal, would make it clear that they should be cited in the References.
Thus, OBIS proposed a citation as part of the metadata for the datasets it published in
2006 (Appendix) and a variety of options have been considered by GBIF (2012).

Citations should not be confused with codes for tracking publications, data or parts of
publications; but these can be added to citations. Such codes include Life Science
Identifiers (LSID), Digital Object Identifiers (DOI), Uniform Resource Names (URN), or
similar unique identifiers that aid databases in tracking citations of publications (e.g. Page
2006). In addition to tracking citation of datasets, there is also the opportunity to track
the use and provenance of individual items of data (Page 2008). This provides new
opportunities to develop metrics of data use that could be used to recognize the impact of
data publication. The ability to track data views and downloads already exists and has
been implemented by some journals. A range of data use metrics are necessary because
datasets may not always be cited and tracked by scientific abstracting services (Costello
and Vanden Berghe 2006).
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When a data paper links to the source of a data set or database, typically a url (universal
resource locator) is included. However, a url can change when data sets are moved or
domain names are changed. What would be needed for data publication is a central url
registry for data sets (similar to what CrossRef is doing for papers) so that when the url for
data sets change, the records in the registry are updated. This will ensure that links to
data sets are persistent. CrossRef registers DOIs for papers published by member
publishers. When the url for journals or papers are changed, CrossRef records are updated
so that the DOlIs cited in the references always point to the correct urls for registered
papers. Various digital object identifiers are already being assigned to data sets. For
example, DataCite (Anon. 2011b) and Dryad are already providing DOIs to datasets,
whereas other organizations are assigning LSIDs to data sets. GBIF and other major data
publishers should take a lead in developing such a central registry for resolving various

digital identifiers for permanent linking to the correct url for data sets.
Data archiving

The persistence of data sets is even more important than ensuring the correct link to
online data via a central registry. Major biodiversity dataset repositories should work
together to enable authors of data sets to deposit and archive their data more easily. They
should provide free or low cost assignments of persistent identifiers which can be centrally
registered. Any new data journals should work closely with these repositories and
recommend that authors use creditable repositories (e.g. GBIF for georeferenced
distribution data, GenBank for gene sequence data, MorphoBank for phylogentic data
matrix etc). Storing datasets with individual journal websites should be discouraged,
because individual journals and publishers may discontinue and, more importantly,
aggregated storage of large amounts of similar data sets can greatly facilitate their

discovery and use for new purposes.
Indexing

Problems in taxonomic nomenclature and geographic accuracy are well known (e.g. Yesson
et al. 2007, Hill et al. 2010). They can be identified and partly addressed by semi-
automated quality control checks as part of a data indexing process. In biodiversity
databases, this requires classification of species into higher taxonomic groups (or taxa),
matching synonyms to their species, mapping the geographic locations of records, and
recording when they were collected, and who collected them for what purpose.

Comparison of the results of such indexing of the data with the description of the dataset
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by its authors or editors, also called “descriptive or discovery metadata’, is a first step in
quality assurance. For example, it should find that all the species expected are accounted
for, and that the data map to the right place. All this information and more are collected
in a standardized form by GBIF, enabling ever-improving abilities to search the database
on these criteria, including generating species inventories, mapping species and predicting
their ranges using environmental data. The outcome of the above technical ‘cleaning’ of
the data could be used to assess the quality of datasets, as demonstrated by SpeciesLink
(CRIA 2011), and provide statistics and other outputs that would assist experts in assessing
dataset quality. This process will be more demanding of data creators, but justified by
the more prestigious nature of the subsequent quality assured publication. The
completeness of data and metadata in a dataset could provide an index of fitness for
particular purposes (Michener et al. 1997). For example, not all species data published
through GBIF contains the species location, and not all datasets contain information about

the species habitat or sampling method.
Peer review

Despite the time-consuming nature of the peer-review process, it is widely regarded as an
essential part of science (Ware and Mabe 2009). Publications without this quality control
are regarded as inferior by scientists, their employers and policy makers (Abbott et al.
2010). Metrics of scientists’ productivity and impact increasingly affect their employment,
promotion, pay, research funding and the reputation of themselves and their organization.
Publications that are not peer-reviewed have negligible value in such assessments.
However, a review of how the European Union may take advantage of the increasing
amount of data recognized the rapidly growing volume of data, but made little mention of
the need to capture past data and methods of quality control, and no mention of the need
for peer-review (Wood et al. 2010). Calls for datasets to be cited in a conventional manner
are now widespread (e.g. Sieber and Trumbo 1995, Altman and King 2007, Birney et al.
2009, Costello 2009a, Chavan and Ingwerson 2009, Constable et al. 2010, Cragin et al.
2010, Page 2010, Lawrence et al. 2011, Mons et al. 2011, Tenopir et al. 2011, Whitlock
2011), and an online register that links data sets to Digital Object Identifiers (DOI) has
been launched (Anon. 2011b). However, only a small fraction of datasets and online

resources have been so cited (Parsons et al. 2010).

While the question of peer-review of data publications has not been considered in any
detail, it is now being encouraged (Costello 2009a, Parsons et al. 2010, Lawrence et al.
2011). Chavan and Penev (2011) argued for the creation of ‘data papers’ which peer-
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review the metadata, but only tentatively suggested peer-review of the data themselves,
and announced the intention to create a Biodiversity Data Journal that only publishes data
papers. However, in practice, the journal has found that referees review both the data
and metadata (Chavan, pers. obs.). Some digital resources are already subject to
independent external peer-review: for example species web page profiles in the Marine
Life Information Network and the Global Invasive Species Database; Global Species
Databases published by Species 2000; Data Papers published by the Ecological Society of
America; species inventories in Zootaxa; and data in the NASA Planetary Data System
(Lawrence et al. 2011). These examples demonstrate that peer-review of biodiversity data

and information are both possible and practical.

Already, datasets published by GBIF must comply with certain standards and undergo
technical cleaning and indexing. It would be possible to submit the results of the technical
assessment of datasets, the metadata, and supporting statistics, maps and other
representations of the data (e.g. tables) to independent experts for peer-review. We
propose a process of quality control and fitness for purpose assessment of biodiversity
data publications that includes peer-review (Table 1). Data may be visible online at any
stage in the process but will not have all the quality indicators. Thus the added quality
control options do not impede data publication. Online comment boxes could allow users
to comment on the published data, and the authors and editors of datasets to provide
subsequent information (e.g. announce new publications that included the data and
additional data now published). Peer-review can be preceded by technical checks that
the species names are valid, geographic coordinates map correctly, the data appears
consistent and complete, and metadata fields are complete. This peer-review may include
a list of questions the referees may be asked to answer with respect to their review. For
example: Is the description of the dataset complete, clear and adequate to understand
the taxonomic, temporal and geographic scope of the data? Does it contain appropriate
citation of methods and data analyses (if any)? Is it necessary to have more information on
any aspects, for example how or why the data were collected? Can you see specific
problems in the way the data are presented that would hamper its re-use? Do the data
appear to be of a standard you would expect of a professional in your field? How might the
data be used by other researchers? How significant is the dataset in terms of size, scope
and uniqueness? Is there a commitment by the dataset authors, editors or their colleagues
to respond to enquiries from users and amend the data and metadata as may become

desirable?
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A concern in adopting peer-review is the availability of willing referees. This is already a
problem for science publications. It is remarkable that there are few incentives employed
to attract referees yet most scientists provide their time gratis. Incentives used by
subscription-paid journals, such as temporary free access to publications online, are not
available to open-access publications. Nevertheless, if referee availability becomes a
problem in peer-reviewing data, then several options can be explored. For example,
public acknowledgement of the referees, invitations to write special articles and/or join
editorial boards, payment of honoraria, and/or employment of a few experts as ‘in-house’
reviewers instead of relying on many unpaid referees. The option of exposing papers to
public ‘open-review’ before and after publication has had limited uptake (e.g. Liu 2007,

Gibson 2007), indicating that editors need to be proactive and invite reviewers.

Calls for quality metrics in other fields of science include a proposed reliability score for
mass spectrometry data (Gough and Yaffe 2011). Considering the wide range of potential
uses of biodiversity data and the principle of fitness for purpose, a ‘reliability’ index may
be difficult to implement. However, measures such as: number of records, species and
geographic locations; proportion of species names validated; completeness of all possible
data fields; spatial accuracy; completeness of metadata; error rates in taxonomy,
geography and other data fields; would be useful to potential users (Costello and Vanden
Berghe 2006, Heidorn 2008, Chavan and Ingwersen 2009, Costello 2009a). Examples of
such metrics have been demonstrated by SpeciesLink (CRIA 2011).

Section 4: Solutions

Key elements of data publication should follow the established and respected practices of
other scientific publications in several regards, including editorial quality control,
independent peer-review, citation of the published dataset, and permanent archiving. The
metadata descriptors must include authors, their contact details, abstract, keywords and
any other necessary information to enable abstracting services to include the publications
in their databases (Costello and Vanden Berghe 2006, Altman and King 2007). This more
formal approach to data publication will require the more comprehensive metadata,
essential for accurate usage of the data (Michener et al. 1997). This should include data
provenance, context, precision, and references to papers that used the data, and is likely
to require the development of metadata standards and standardized vocabularies.

Michener et al. (1997) provided a list of metadata descriptors for ecology data to which

18



GBIF Discussion Paper: Quality assurance and IPR in advancing biodiversity data publication Version 1.0

taxonomic metadata (e.g. taxa included in the study) could be easily added. The
advantage of the journal model for data publication is that it implies editorial quality
control, and it may be more attractive to scientists to publish in, especially if recognized

as a ‘peer-review’ publication.

This process merits consideration of the establishment of one or more online open-access
biodiversity data journals, and/or the adoption by existing journals of data publication.
There could be several such journals, either competing and/or specializing in different
ways, such as photographs to aid identification for individual whales, marine species,
species geographic distribution, or population abundance time-series data. They could be
linked through portals with other databases, such as GBIF, and to published literature like
the Biodiversity Hubs created by the Public Library of Science (PL0S). Already, two sister
journals, ZooKeys and PhytoKeys, submit data to GBIF post-publication of its
accompanying paper (Penev et al. 2009). The first such ‘data paper’ was published in 2011
(Narawade 2011). For a data journal to be widely abstracted and get an Impact Factor, it
is important that it be designed as a peer-reviewed scholarly journal; not just for
publishing data papers, but for a wider variety of publications of scholarly value so that
these will be abstracted and included in journal citation rankings. These may include
editorials on topics of interest in the field, invited review papers on current topics in
biodiversity data and databases, papers on methods and data standards, introductions to
and reviews of new software for data exploration, presentation or analysis; and other
related topics. All of these papers would cite other papers, including papers that used the
data there published, methods used to collect the data, and standards followed by the
data. Authors of data papers could receive automated messages when their paper is
downloaded and cited, and be contactable by data users such that new collaborative

publications may arise.

There are some differences between conventional print journals and data journals that
must be addressed. First, a dataset must be published to rigorous domain-specific
standards of formatting and structure to enable it to be combined with other datasets,
such as by following the GBIF data schema so it can be automatically integrated into GBIF
(Wieczorek et al. 2012). Second, datasets will often be supplemented by additional data
over time. For example, new versions of datasets may have corrected errors and
omissions, and time-series data will add new datasets over time that may be similar to
previous datasets in many respects. We agree with others (Klump et al. 2006, Altman and

King 2007) that these should be published as new publications because their data will be
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unique, the authors and metadata may change, and for time-series data the temporal
scope of each publication will be discrete. The publisher may decide to allow datasets to
be corrected should errors be found. If minor, this may be noted as a comment to the
dataset, but if significant, the publication would be replaced by a new publication. The
old version becomes archived in case researchers wish to compare the consequences of
different versions on the analyses so that the results of studies using particular versions
can be reproduced. As is presently the case in scientific publications, the details of

implementation of these options will be at the discretion of the editors of the publication.
Publication costs

Another consideration regarding data publication is who pays for the publication process
and long-term maintenance of the data accessibility. This cost may come from readers
(users), institutional libraries, authors, or be sponsored by organizations such as
government institutions. There are additional costs when data are integrated with other
datasets, a service performed by data centres such as GBIF. All data published through
GBIF are immediately open-access. While another publisher may provide preferential
access to subscribers, as currently happens with scientific journals where they need
subscriber funds to pay for services, such restrictions on data availability must be avoided
by the scientific community and their funding agencies. The authors of open-access
publications are more cited (Gargouri et al. 2010, Harnard 2008), and the open-access
business model is more cost-effective for society (SQW Ltd 2004, Houghton et al. 2009). If
asked, commercial publishers may make online appendices open-access because such

access is likely to attract readers to purchase the accompanying paper.

The support of GBIF, and related databases such as GenBank, by government funding
ensures the data are immediately open-access. This means such biodiversity data are
accessible to countries, including developing countries where the data may have been
collected. Open-access means that third parties are expected to use the data, create new
datasets from them, and benefit from them in terms of their research, making policy
decisions, or developing commercial applications from the data. Such uses should be seen
as signs of success, and justification for the government funds that enabled their
publication. Having collective databases like GBIF, OBIS and VertNet is simpler in terms of
user access, and the development of standards and analytical tools that facilitate data
integration and synthesis. Such combined resources will also be more cost-effective to
support, and precedents for tiered financial contributions have already been established
(e.g. based on GDP).
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Conclusions

A new initiative to foster biodiversity data publication is required because the present
model cannot cope with the increasing need for availability of high quality data. The
formal publication of datasets, including peer-review, is a logical step in scholarly
publication, and will assist the evolution of closer integration of publications and
databases (Bourne 2005). Indeed, considering that data are the basis of all information
and knowledge, it is at least as important that datasets are peer-reviewed as for the

papers resulting from their analysis.

Already, papers are linked together by keywords, authors’ names, and the papers they
cite. The disaggregation of species descriptions in taxonomic papers is now possible, such
that the content may be re-compiled in a database to facilitate more advanced content
searching and browsing, and the creation of new publications (e.g. Penev et al. 2010).
Websites can already generate maps, tables and graphs from data online. One can imagine
future tools that will download the data that contributed to a table, graph or map in a
paper. However, the implementation of tools usually requires authors to invest time in

marking-up their paper which may be (in their opinion) too time consuming.

What should the global biodiversity science community, particularly GBIF, do to facilitate
this process? We recommend that GBIF adopt a more conventional ‘publication’ process
involving step by step checks of metadata and data, that enable a quality index to be
derived (Table 1). GBIF should have a clearly visible and easily downloaded citation for
each dataset, standard agreement with every dataset author or editor, apply a Creative
Commons Attribution only licence, visible metrics of data use and error rates, and explore
the options to support biodiversity data journals and/or publish ‘data papers’ itself.
Where appropriate, datasets published through the journal would be automatically
integrated into the GBIF quality control and indexing workflow. Their publications would
be recognized as having passed the highest standard of quality assurance, including peer-
review. Such a journal may also publish data outside the scope of the present GBIF
database, such as images. This data publication process could start rapidly through the
publication of datasets already quality controlled, but not peer-reviewed by GBIF. GBIF

should seek the support of ecology and biology journals to direct their authors to publish
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datasets through this journal or to GBIF directly or indirectly through one of its participant
organizations (i.e. without peer-review) (Moritz et al. 2011). Most journals already have
such requirements for molecular data (Costello 2009a) so this principle is established.
However, it requires GBIF and similar data centres to be listed as recommended data
publishers. Individual scientists, as authors, referees and editors, should support this good
practice by appropriately citing data sources, publishing their data, and pressing others to
do the same.

While the development of peer-reviewed publication may be novel in the new field of
biodiversity informatics, it is not radical. Already several peer-reviewed journals publish
primary environmental and biodiversity data, and primary data were published in
monographs, cruise reports and appendices to papers in the past. We recognize that this
standard of quality assurance may not be practical in all situations. Thus our proposed
tiers of quality assurance allow data to be published immediately and thereafter subject
to steps of automated, semi-automated, and finally peer scrutiny (Table 1). Furthermore,
instead of these steps being an impediment to data publication, the fact that the final
publication will be peer-reviewed and published in the style of a conventional scientific
journal, will attract scientists whose priority it is to ‘publish’ and for whom ‘making data

available’ is not a priority.
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Box 1. Glossary of terms used in this paper.
Definitions are particular to the present context of biodiversity data publication.

Authorship
The person who wrote a document or other literary work (e.g. scientific paper, poem, essay,
lyrics). It may be shared amongst co-authors. It cannot be transferred or sold once created.

Copyright

The automatic legal right of ownership of a document, software, artwork or other work,
including datasets and databases. Individual data elements or statements of fact are not
copyrightable, but when organised in a database they can be. At first it may be assigned to its
creator (e.g. author, artist) or their employer or client who commissioned the work.
Subsequently, it may be transferred to others. It may expire after the life of the creator plus 50
or more years depending on the applicable national laws.

(Copy or Technical) Editor
A person who prepares text, images and other materials for publication. They improve the
quality of presentation of the material for its intended audience.

Intellectual Property Rights (IPR)

A broad term covering all kinds of creative works, including scientific papers, software,
creation of databases, artist and musical works, inventions and patents, trademarks. It
recognises the creators and copyright holders (not necessarily the same persons or legal
entities), and terms and conditions of how people may use the works (i.e. the licensing
arrangements).

License
A legal arrangement whereby the copyright holder permits others to use their creative work or
products.

Publication
Material made publicly available through print, digital, sound or other media. This does not
mean it is free of copyright, and the material may be provided free, by subscription, or sold.

Public domain

Indicates that creative works and other information is both publicly available (i.e. published)
and free of copyright restrictions. Thus it can be used without cost. It could be exploited for
scientific, artistic, commercial or other uses. However, to assert authorship without attributing
the source would be plagiarism. It is expected good practice to always cite sources, even if in
the public domain. Some copyright licenses effectively place materials (e.g. shareware) into the
Public Domain.

Ownership
In the present context, this determines who holds the copyright and dictates the licensing
arrangements (i.e. terms and conditions of use).
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Appendix :

Example of metadata developed within the OBIS community in 2006 to describe datasets
that it published. Most components of this user-friendly metadata format could be
compiled from existing metadata standards available in International Standards
Organisation (ISO), USA Federal Geographic Data Committee (FGDC), and NASA’s Global
Change Master Directory (GCMD). Standards for Taxonomic and Habitat coverage, Data
Collection or Data Source were not available but could be developed to provide a
controlled vocabulary. Standard classifications (e.g. Costello 2009b) and definitions of

terminology are being developed (Costello et al. 2010).

Order Metadata Example
term
1. Database BioMar - Ireland: benthic marine species survey
name
2. Citation Picton, B.E., Emblow, C.S., Morrow, C.C., Sides, E.M., Tierney, P.,

McGrath, D., McGeough, G., McCrea, M., Dinneen, P., Falvey, J.,
Dempsey, S., Dowse, J. and Costello, M. J. 1999. Marine sites, habitats
and species data collected during the BioMar survey of Ireland. In: Picton,
B.E. and Costello M. J. (eds), The BioMar biotope viewer: a guide to
marine habitats, fauna and flora in Britain and Ireland, Environmental
Sciences Unit, Trinity College, Dublin. Retrieved [date] from
www.iobis.org.

3. Taxonomic All species living on, in and near the seabed (benthos), excluding
coverage microbia.
4. Geographic Republic of Ireland, 200 littoral and 700 sublittoral sites surveyed (each
coverage including 1-6 sampling stations).
5. Temporal 1993-1996 for Republic of Ireland
coverage
6. Habitat Marine, seashores (littoral), sublittoral seabed
coverage
7. Total 93,000
distribution
records
8. Total number 1,500 species
of taxa
9. Collection Direct observation on seashores and by scuba divers
method
10. Data source Mainly observations. Reference collection of animals available in the

National Museum of Ireland and seaweeds in the Herbarium, Trinity
College, University of Dublin.

11. Abstract The BioMar project was and remains the largest marine ecological seabed
survey of the Republic of Ireland. Standard field survey and data
management methods developed by the UK Marine Nature Conservation
Review (now part of Joint Nature Conservation Committee) were used.
This database was published as a compact disc containing data collected
during a national survey that provided the basis for (a) a classification of
marine biotopes applicable to the North East Atlantic, and (b) the
selection of marine Special Areas of Conservation (Marine Protected
Areas).
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12.

13.

14.
15.
16.

17.

Scientific
Contact
Technical
contact
Website
Comment
Date this

form
completed

Publications
from this data

Dr Mark J. Costello m.costello@auckland.ac.nz

www.ecoserve.ie/biomar

25" September 2005

McGrath, D., Costello, M.J. and Emblow, C. 2000. The hermit crab,
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Environment: Proceedings of the Royal Irish Academy, 100B (2), 115-
118.

Costello M. J., McGrath D. and Emblow C. 1999. A review of the
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results of a new survey of sandy beaches. In: Schram F. R. and von
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Costello, M.J., Picton B.E., Emblow C., Guiry M., Connor D. 1998.
Electronic dissemination of marine biodiversity information collated in
databases. In: Marine Science and Technology Programme experiences
in project data management, M. Bohle-Carbonell (ed.), European
Commission, Luxembourg, 73-84 pp.

Costello M.J., Emblow C.S. and Picton B.E. 1996. Long term trends in the
discovery of marine species new to science in Britain and Ireland.
Journal of the marine biological association of the United Kingdom 76,
255-257.

Costello M.J. 1995. The BioMar (Life) project: developing a system for the
collection, storage, and dissemination of marine data for coastal
management. In: Hiscock K. (ed.) Classification of benthic marine
biotopes of the north-east Atlantic. Proceedings of a BioMar - Life
workshop held in Cambridge 16-18 November 1994. Joint Nature
Conservation Committee, Peterborough, 9-17.

Costello M.J. 1993. Development of the BioMar database, and its
contribution to nature conservation management in the Irish Sea. In:
Marine and Coastal databases, Irish Sea Forum Seminar Report No.3,
Liverpool University Press, Liverpool, 72-79.

33



