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Abstract — Freely available high quality, data on species occurrence and associated variables are needed in
order to track changes in biodiversity. One of the main issues surrounding the provision of such data is that
sources vary in quality, scope, and accuracy. Publishers of such data must face the challenge of maximizing
quality, utility and breadth of data coverage, in order to make such data useful to users. With the Global
Biodiversity Information Facility (GBIF), we recently conducted a content needs assessment survey to
consolidate and synthesize major user needs regarding biodiversity data. We find a broad range of
recommendations from the survey respondents, principally concerning issues such as data quality, bias, and
coverage, and ease of access. We recommend a candidate set of actions for the GBIF that fall into three
classes: 1) addressing data gaps, data volume, and data quality, 2) aggregating data types that are relatively
new to GBIF, to support emerging new applications, and 3) promoting ease-of-use and providing incentives
for wider use. Addressing the challenge of providing high quality primary biodiversity data potentially can
serve the needs of national and international biodiversity initiatives. These include the “flexible framework”
for addressing the new 2020 biodiversity targets of the Convention on Biological Diversity, the global
biodiversity observation network (GEO BON) and the new Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES). Each of these presents opportunities for countries to define

appropriate actions and corresponding data needs, with links from local to global scales.

INTRODUCTION

Biodiversity is the variety of life, extending
from the level of genes, to species, to ecosystems
(Norse et al. 1986; Wilson 1988; Wilson 1999;
Margalef 2000). The extent of the biodiversity
crisis — the potential loss of much of this living
variation — was highlighted again recently by the
Third Global Biodiversity Outlook (Secretariat of
the Convention on Biological Diversity 2010). It
documented a decline in the measures of
biodiversity, and an increase over the past 30 years
in the pressures that cause biodiversity loss
(Butchart et al. 2010). In 2012, the United Nations

Conference on Sustainable Development (UNCSD
or “Rio+20”) marked 20 years since the original
conference that gave birth to the Convention on
Biological Diversity. The major outcome
document from the UNCSD conference (UNCSD
2012) reinforced the critical links between
biodiversity conservation and sustainability. The
recent call by scientists for new efforts to “map the
biosphere” (Wheeler et al. 2012) also highlighted
the importance of biodiversity data for addressing
many basic research question in biodiversity
science. Effective strategies for addressing
biodiversity loss, and progressing biodiversity
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science, require that  biodiversity-relevant
information is made available in a useful form. The
range of existing available data must be extended
by strategically filling biodiversity knowledge gaps
(Collen et al. 2008). Further, biodiversity data
(data relevant to variation at the genes, species, and
ecosystems levels) will be of limited use on their
own. Such data must be integrated at various
spatial scales, not only with other environmental
data, but also with a wide variety of types of socio-
economic data, in order to address the most
pressing  questions in  biodiversity  and
sustainability science. All of these considerations
highlight the fact that useful biodiversity databases
must go beyond lists of species, and provide
integrated data of a quality required for a range of
research and applications.

Biodiversity data typically may have been
generated for one specific intention, but then used
subsequently for other, multiple, purposes
(Chapman 2005). Biological specimen data
originally collected by museums and herbaria have
contributed to spatial models describing broader

biodiversity  patterns, to species richness
estimation, and to ecological/ environmental
studies on attributes of species, including

population size, geographic distribution,, habitat
and behaviour (Pyke and Ehrlich 2010; Gropp
2012). Increasingly, such data have helped to
assess the impacts of threats to species, including
pollution, disease, and climate change. If we
consider one of the most prominent of those
challenges, climate change, it is clear that
assessment of climate change impacts is limited by
lack of species-occurrence data, including
limitations in mechanisms for data discovery and
access (Tews 2006; Chavan and Ingwersen 2009).
The shortfall in available data highlights the
ongoing need for a mechanism to facilitate sharing
of existing and future biodiversity data, both within
and among countries (Gaikwad and Chavan 2006;
Chavan and Ingwersen 2009).

The Global Biodiversity Information Facility
(GBIF), an inter-governmental organization,
facilitates a discovery and publishing mechanism
for free and open exchange/sharing of existing

(and future) biodiversity data, and is the
predominant international, publically funded
resource for species occurrence data. Through

GBIF, institutions and countries are discovering
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and publishing their data resources online with
common exchange standards, and are part of a
growing global network of shared biodiversity
data. More than 388 million primary biodiversity
data records are accessible (as of October 2012)
through the GBIF global networks data portal
(http://data.gbif.org/).

There are many studies highlighting the variety
of uses for shared biodiversity data (e.g. Chapman
2005; including examples of its potential for new
scientific research and for decision making related
to natural resources management). However,
deficiencies in species occurrence data coverage
also have been highlighted (e.g., Yesson et al.
2007; Collen et al. 2008; GBIF 2010a; Boakes et
al. 2010; Gaiji et al. 2013, this volume).
Deficiencies in coverage and data quality (Bortolus
2008) reduce the magnitude and utility of available
data (Escobar et al. 2009).

Data concerns raised in the routine feedback
from GBIF users have included: lack of sufficient
data (volume, depth, and density), lack of fitness-
for-use (precision, accuracy and authenticity), and
lack of mechanisms for data discovery, publishing,
and accessing data (Chavan and Ingwersen 20009;
Arifio et al. 2012; GBIF 2010c). A common
concern is that applications may not provide
defensible conclusions because of the largely
opportunistic way in which existing biodiversity
data have been collated, and published (Pyke and
Ehrlich 2010).

Content Needs Assessment

To address these issues in a holistic manner,
GBIF established the Content Needs Assessment
Task Group (CNA TG) composed of the authors of
this paper (co-chairs: Faith & Collen; GBIF senior
programme officer; Chavan) with a remit to
identify major areas of opportunity to mobilize
data in a way that better considers users’ needs
(GBIF 2009a). The objective of CNA TG therefore
was to investigate user needs regarding
biodiversity data within the broad arena of
biodiversity research. The CNA TG was mandated
also to provide recommendations to GBIF that
would (a) determine the priority questions that
GBIF mobilised data should be able to address for
various areas of science and policy in the near,
medium, and long-term, from local to global level
including thematic areas, (b) for the identified
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priority questions, evaluate the content needs
(volume, depth, and density) and data fitness-for-
use (precision, accuracy, authenticity) for specific
uses, (c) assess what unique scientific and policy
contributions of GBIF mobilised data that cannot
be met easily through other mechanisms, (d)
identify gaps in accessible data mapped against
data needs, and (e) recommend strategies and
priorities for data discovery and publishing through
GBIF network. In this paper, we draw on the work
of CNA TG to propose some guidelines to GBIF
for addressing user needs. However, given the
broad importance of primary biodiversity data to
biodiversity science, our findings may be more
broadly applicable.

The sections below present and discuss a
candidate set of recommendations resulting from
the CNA TG analysis and discussion of the results
of an extensive survey among biodiversity
information stakeholders. The many opinions and
comments provided through the survey have
resulted in a variety of detailed suggestions, and
we have refined these to produce recommendations
falling under several different themes or contexts.
As a complement to this list of recommendations,
we also have drawn upon the current relevant
scientific literature, including that relating to
international and national biodiversity initiatives,
in order to provide additional broad context for
these recommendations (see also GBIF 2011).

METHODS

The survey (see Arifio et al. 2013, this volume
for full details), was launched in 2009 in six
languages (English, Spanish, French, Chinese, and
Russian) (GBIF 2009b; GBIF 2009c; and GBIF
2009d). The survey consisted of 21 questions
covering (a) respondent profile, (b) uses of primary
biodiversity data, () access to primary biodiversity
data, (d) data quality and quantity requirements, (e)
species level data requirements, and (f) usefulness
of GBIF mobilised data.

SurveyMonkey (http://www.surveymonkey.com)
was used to administer the survey and retrieve
responses. The survey was widely circulated using
biodiversity-related lists and portals. Resulting raw
answers were retrieved from SurveyMonkey,
demographic information was collected, and
individual ~ responses  anonymised  before
proceeding to analysis. The raw files were
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converted into a purpose-made database (Arifio et
al., this volume) amenable for deeper analysis and
cross-referencing. Responses sent in languages
other than English were translated, and all answers
coded homogeneously while retaining the language
demographics. The coded database was cross-
tabulated and analyzed variously for frequencies,
correlations, and statistically summarized over
several dimensions (Arifio et al., this volume) to
produce frequency tables, plots, maps and
summaries that helped discover trends and steer
our discussions.

Responses to the CNA TG survey formed the
basis for deliberations by the CNA TG and
consultation with colleagues from the GBIF and
other related communities. This process resulted in
14 main recommendations.

RESULTS

The survey resulted in responses from more
than 700 individuals, providing more than 48,000
individual answers and nearly four-thousand
individual verbatim comments. Our analysis of the
responses revealed a vast array of uses of primary
biodiversity data, underlining the importance of its
provision.  Importantly, the survey highlighted
some new types of data in high demand,
particularly data used to add value to the
geographic distribution and taxonomic data already
mobilized by GBIF (Arifio et al. 2013, this
volume). At the same time, the survey highlighted
a common lack of awareness about the extent of
availability of accessible primary data. Of great
concern were the responses that identified
unreliable or incomplete data as the reason for not
using data portals such as GBIF.

RECOMMENDATIONS

We note that these recommendations do not
nominate any specific actor, as many of these
recommendations require collective, simultaneous,
and/or coordinated actions by multiple actors. We
discuss the recommendations under three sections
below. First, we examine important issues regarding
data gaps, data volume, and data quality. In the
second section, we focus on the visions for new
kinds of data, and new potential applications. We
extend that section by considering some of the related
national and global challenges raised by international
biodiversity initiatives, including the new


http://www.surveymonkey.com/

FAITH ET AL— BRIDGING BIODIVERSITY DATA GAPS

biodiversity targets (http://www.cbd.int/sp/targets) of  towards particular taxa, places or periods of time,
the Convention on Biological Diversity (UNEP are inevitable (Yesson et al. 2007; Robertson
2010a), the global biodiversity observation 2008). Our recommendations focus on ways to
network (GEO BON) and the new Inter- address bias by identifying and filling data gaps.
governmental  Science-Policy  Platform  on  The problem of data quality raises a number of
Biodiversity and Ecosystem Services (IPBES). issues. It is critically important that sources of
Finally, in the third section we consider issues and  error can be accounted for. The recommendations
recommendations that relate to strategies for made under this section (Table 1) suggest
improving ease of use of primary biodiversity data,  strategies to address these issues, in order to ensure
over the wide range of potential applications, and that GBIF mediated data are of the highest possible
with particular reference to the data mobilization quality. The recommendations relating to data

by the GBIF network. quality issues in particular, would help deliver an
improved process for user feedback and reporting
Data gaps, data volume, and data quality of errors (including the ability to pin-point

The CNA TG survey revealed that a major malicious records). A key outcome from these
concern for biodiversity data users is the quality ~recommendations would be increased credibility
and coverage of the available data (Arifio et al. and increased confidence in use of GBIF mobilised
2013, this volume). Highest among their concerns ~ data. Further, data producers and primary
were geographic and taxonomic gaps in data publishers will be in better control of assessment
coverage, and the need for data quality assurance. ~ and improving ‘fitness-for-use’ of GBIF mobilised
Given the existing trends of publishing data data prior to its discovery and publishing over the
predominantly by the data rich countries as network.
opposed to biodiversity rich countries, some biases

Table 1. Recommendations relating to data gaps, data volume, and data quality

1. Recognise that geographic, temporal, taxonomic, and ecosystem gaps exist in currently mobilised data,
develop tools to spot and identify biases at multiple geographic scales, and expedite efforts to bridge
these gaps from local to global scale.

2. Facilitate ways to overcome the inevitable biased nature of the data discovered and mobilised through
the GBIF network, promoting more uniform spread of primary biodiversity data (geographic,
taxonomic, and temporal).

a. Develop best practice guidelines to help Participants and potential Data Publishers to
prioritise data discovery, capture, digitization, and publishing on a demand-driven basis, so
that such proposals make business sense for donor agencies.

b. Draw ‘local-to-global’ scale strategy and action plans for discovery and publishing of primary
biodiversity data.

3. Encourage and increase investment in retrospective discovery, digitization and publishing of historical
and time series datasets.

a. Expedite digitization of natural history collections data, especially for type specimens.
4. Ensure increased access to authoritative taxonomic catalogues and expedite progress towards a ‘Global

Names Architecture’.

5. Add and enhance features in the GBIF data portal, promoting improved ‘fitness-for-use’ of data
discovered and accessed through the portal.
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6. Initiate the following steps to enhance the trust-worthiness of GBIF mobilised data:

Expedite the tagging of data to highlight possible errors, data quality, and uncertainty

a.
levels.

b. Develop standards for annotations and data user feedbacks.

c. Strengthen data quality assessment and quality enhancement mechanisms.

d. Develop distributed, decentralized, yet coordinated (inter-connected) annotation and
feedback mechanisms.

e. Develop a user-friendly standard vocabulary for types of errors and types of quality issues.

f.  Develop mechanisms for users to document the ‘use confidence rating’ at data set and data
record level.

g. Improve pathways for data publishers to provide warnings about biases or errors in the data
at an early stage of discovery and publishing process.

h.

Make provision for inclusion of data problems (lack of fitness-for-use) relevant annotations
or feedbacks together with data, not only at dataset level but at the data record level.

Develop contributor specific best practices and/or mechanisms for quality assurances and
quality control.

Expedite efforts in improving taxonomic and geo-spatial quality of GBIF mobilised data.

This task includes attention to geo-referencing.

k. Improve fitness-for-use of data at the data producer and/or primary publisher stage.

I.  Establish links to the original datasets to enhance the verifiability of the data.

There are approximately 388 million primary
biodiversity data records published through the
GBIF network (as on October 2012). Among the
key recommendations in this section are those
calling for efforts to bridge gaps (taxonomic and
geographic, from local to global scales) in the
coverage of these records, and to overcome the
inevitable biased nature of the data discovered and
mobilised through the network. The type of
information collated by GBIF is being used in
many applications, including models of species
diversity status and change and tracking progress
in conserving biodiversity (Boakes et al. 2010).
One of the main advantages of species occurrence
data is that it has the potential to give more than a
simple snap shot of biodiversity status and
distribution (e.g. Mace et al. 2010). A sampling
that is representative and balanced will greatly
promote such analyses. Therefore strategies to
create a balanced spread of data (geographically,
taxonomically, and temporally) are essential to
facilitate meaningful analysis and interpretation of
biodiversity as a whole, as opposed to “sectorial”
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biodiversity (for example, biodiversity of birds or
biodiversity in Fennoscandia). GBIF mobilised
data are currently dominated by terrestrial
ecosystems and higher animals (GBIF 2010a; Gaiji
et al. 2013, this volume). A balanced spread of
records across ecosystems and taxa provides a
stronger basis for broad generalisations about
biodiversity patterns that are not limited to narrow
taxon groups, or highly-sampled geographical
areas. The patterns of use revealed by the survey,
spanning monocots to algae, and lower animal
phyla, reflect the lack of data on such taxa. GBIF
should investigate taxonomic, geospatial, and
temporal biases and errors in data at the level of
individual records (rather than just at the higher
data-set level).

For many biodiversity studies, the principal
data-coverage limitations include the ‘Linnaean
shortfall’ (we only know a fraction of the planet’s
species) and the ‘Wallacean shortfall” (even for
described species, we know little about geographic
distributions - for a review, see Brito 2010). For
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example, in Canada, perhaps 2/3 of all species are
known to science, and in Australia, perhaps only
about 1/3 of all species are known. The fact that
only a small fraction of known species have
mobilised, high quality data, covering their full
geographic distribution makes the task of
biodiversity assessments even more daunting
(Collen et al. 2009). Large geographic and
taxonomic biases in biodiversity data from
historical  inventories have been  widely
documented (Hortal et al. 2008). Boakes et al.
(2010) observed that the details of sampling biases
(or wvalidation) may be difficult to find in
databases, and concluded that “compensating for
these biases will be important for any study aiming
to draw conclusions about real trends in
biodiversity over time and space. Accounting for
biases in biodiversity samples depends on a clear
knowledge of the source and nature of those
biases.” Boakes et al. (2010) investigated patterns
of spatial and temporal bias using a database
covering more than 200 years, for species in the
avian order Galliformes. Among their various
sources of species distribution data (museum
collections, scientific literature, ringing records,
ornithological atlases, and website reports from
“citizen scientists”), museum data provided the
best historical coverage of species' ranges. On the
other hand, they concluded that such data were
time-intensive to collect.

One of the quickest ways to enhance data
coverage would be to mobilise additional natural
history collections. Type specimens are valuable
data resources that provide baselines for
comparison, and historical context that is often
missing from biodiversity trend data (Lotze &
Worm 2009). However, historical context requires
capacity to carefully re-examine ‘“old” data.
Although there is no readily available mechanism
to back track to original datasets which form the
index of the GBIF mediated data, and some of
these resources have been either moved away from
their original locations or are no longer online (and
some may no longer exist), the GBIF index itself
could eventually be used as a historical repository
of published dynamic data (i.e., data published and
thus usable within the time frame when they were
on line) through its periodical snapshots. A
persistent 1D attributed to each specimen would
greatly facilitate this task, and alleviate the limit to
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the ability of users to verify the authenticity or
validity of the resource.

One of the principal advantages of using
occurrence data to evaluate changing biodiversity
is that it can potentially provide time series
information (e.g. Mace et al. 2010). Time series
perhaps represents a more challenging gap than
taxonomic or geographic imbalances in data.
Boakes et al. (2010) argued that an historical
context to current changes can be set into context
by long-term trends that reveal major shifts in
abundance and composition of biological
communities. Unfortunately, many datasets do not
seem to survive the typical 2-5 years worth of data
support linked to funding cycles or graduate
student tenure (Likens 1989), and if they do,
another limit seems to be reached when the
research  career of particularly dedicated
individuals end (Warner et al. 1995; Arifio and
Pimm 1995). If data such as the type mediated by
GBIF are to be used to evaluate biodiversity
change as a whole, as well as securing historical
data for the future and making it available for
users, sampling biases need to be understood and
addressed (Boakes et al. 2010).

Wheeler et al. (2004) argued that “Some
naively see the information technology challenge
as liberating data from cabinets. The reality is that
for all but a few taxa, much data is outdated or
unreliable. Many specimens represent undescribed
or misidentified species. Rapid access to bad data
is unacceptable; the challenge is not merely to
speed data access but to expedite taxonomic
research.” These arguments justify the dual focus,
in the recommendations listed above, on filling
taxonomic (and other) gaps, and, at the same time,
reducing data errors.

Users of GBIF mobilised data can take
advantage of several developments that help
overcome limitations imposed by gaps and errors,
including the development of robust biodiversity
modelling approaches (e.g. providing surrogates
for overall biodiversity patterns; e.g., Ferrier
2002), and related ‘gap’ analyses (GBIF 2010a;
Gaiji et al. 2013, this volume; Otegui et al. 2013,
this volume) which promote strategic growth in
mobilised biodiversity data (both through new
surveys and priorities for digitising collections
data) (Berendsohn et al. 2010; Berents et al. 2010).
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There is increasing support (e.g. see Juutinen et al.
2008) for a surrogates framework which uses
models to combine environmental and primary
biotic data, in order to provide best-possible use of
available data to serve urgent needs of decision-
making (e.g. Faith and Walker 1996). The
approach uses primary species data as a starting
point, but integrates this with environmental data
to make better inferences about overall biodiversity
(Faith et al. 2004).

An example of this perspective is found in
Linke et al. (2011):

“With increasing availability of both geographic
information system (GIS) data and new, user-
friendly modelling techniques, it is rapidly
becoming easier to produce modelled species
surrogates or highly informed physical surrogates.
\Moreover, with the availability of predictive
modelling techniques that are robust to data-poor
inputs, the use of environmental rather than
species surrogates is only necessary where species
data are extremely limited and the area very large,
for example in the Amazon.... A key advantage of
systematic approaches is that they make the best
use of existing data and can be applied where data
are limited to generate reliable but coarse
assessments.”

The surrogates approach is able to make
effective use of even the small amounts of data
available for some taxonomic groups, because the
model depends only on the combination of species
(across all groups) to produce an estimated pattern
for overall biodiversity. This strategy greatly
increases the information content for a broad range
of GBIF data. Further, because the robust models
integrate widely available environmental variables,
the models based on the GBIF mobilised data can
be applied in a region that has little GBIF
mobilised data of its own.

Biodiversity  surrogates strategies might
suggest that limited existing data are all that are
needed. However, better quality data will generally
produce more accurate surrogate models.
Importantly, initial surrogate models can be used to
strategically fill in taxonomic and geographic gaps.
One method, “Survey Gap Analysis” (see Ferrier
2002) indicates places most in need of new data
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collection or integration into GBIF — so promoting
the mobilisation of new data. Similarly, Brito
(2010) suggests that directing surveys towards
areas of known data deficiency will likely result in
the discovery of species new to science, helping to
address the Linnean shortfall (see also, Raxworthy
et al. 2003). Another strategy suggests that
priorities for data mobilisation should focus in part
of how best to improve current surrogates models
(Faith 2005). Of course, the potential gains from
new data and knowledge are further enhanced
when the possibility exists that the new knowledge
will provide many future applications, not just one.
These considerations all highlight issues linked to
our recommendations to fill data gaps and improve
data quality, even while using robust methods to
make best-possible use of the currently available
data.

These arguments again highlight the need to
analyze errors and biases in existing data. The
approaches suggested by Boakes et al. (2010) for
coping with various biases (including differences
in taxonomic efforts, differences in sampling
efforts in different localities) are concordant with
our recommendations for the GBIF network (see
also Hortal et al. 2006). The comments also
strongly support a strategy in which GBIF
increases its’ capacity to discover and publish data
from a wide range of sources, including extended
data types (including historical or time series).

We note that uncertainties are relevant to other
data types Parr et al. (2011) in reviewing
“evolutionary informatics” highlight challenges for
phylogenetic information including the adequate
communication of uncertainties: “accommodating
topological disagreement where necessary, would
consolidate taxon names, phenotypic and
geographical distributional data across clades.”

Extending data types and applications

Our CNA TG Survey raised issues relating to
the needs for “new” kinds of data serving a broader
range of applications (Arifio et al. 2013, this
volume). These needs may be addressed here by
four recommendations (Table 2). Again, a number
of the recommendations have subsidiary
recommendations (lettered entries).
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Table 2. Recommendations relating to extended data types and applications

7. Develop a biodiversity landscape map depicting GBIF’s position (including its Participants, and Data
Publishers), role, unique advantages and collaborative strategies amidst the myriad biodiversity,
biodiversity informatics initiatives of local to global scale.

a. Establish or initiate collaborations with initiatives, networks, and organizations outside of
the sphere of biodiversity.

8. Develop initiatives for dealing with new or under-appreciated kinds of data.

a. Expand discovery and access to new data sources, types and themes and types (e.g.
observations including absence only records, population richness data, and other data
associated with different types such as multimedia objects and environmental impact
assessment etc).

b. Focus attention on mobilising data that will be useful for multilateral environmental
agreements, mainly for those closely related to biodiversity issues such as CBD and CITES,
etc.

c. Develop mechanisms for linkages with other data types and data resources.

d. Provide functionalities for export, linkages and retrieval of data associated with GIS shape
files and/or polygons.

9. Develop initiatives for enhancing applications, demonstrating that existence of GBIF mobilised data
indeed makes a difference in biodiversity conservation and sustainable use.

a. Demonstrate use of GBIF mobilised data for applied environmental sciences as well as
socially relevant issues, rather than merely for basic scientific purposes.

b. Promote publication of data addressing a wide spectrum of applications or usages of
biodiversity data.

10. Conduct a ‘content needs assessment’ (local, regional, thematic, and global scale) at frequent
intervals.

a. GBIF Participants could conduct multilingual content needs assessment exercise at regular
intervals.

b. Ensure improved coordination while conducting content needs assessment exercise.

c. Ensure increased participation of stakeholders, policy makers, administrators, natural
resources managers, representatives of civil society and non-governmental organizations
into content need assessment activities.

GBIF is regarded as having an important role data types from disciplines such as genetics,
in enabling a ‘research infrastructure’ based on the ecology,  fisheries,  agro-biodiversity, and
discovery and publishing of the world’s primary environmental impact assessment. These will
biodiversity data (Bridgewater et al. 2010; enhance the potential use of GBIF mobilized data
Peterson et al. 2010). This role can create and will demonstrate scientific, ecological, social
complementary linkages with initiatives withinand and economic relevance of GBIF network
outside of the sphere of biodiversity. These (Sutherland et al. 2009).
linkages will work particularly well when there is
seamless access to both biodiversity and non-
biodiversity data resources. This calls for extended

Arifio et al. (2013, this volume) noted several
key data needs suggested by the Survey. For
example, genetics/genomics data are needed for
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integrated biodiversity studies, suggesting benefits
will be gained from GBIF links to existing
molecular sequence databases, including GenBank
and Barcode of Life. Page (2008) notes that
genomics and phylogenetics research call for
identifiers, such as specimen codes and GenBank
accession numbers, as companions to conventional
taxonomic  names. These genomics and
phylogenetics databases in turn call for integration
with other auxiliary data that supports applications.
The importance of such variables is highlighted in
“Genomic Observatories” (GOs), which focus
sequencing efforts in locations that are already
well- studied and rich in associated data (e.g. data
on environmental variables) (Davies et al. 2012).

A wide range of environmental and ecological
data will complement standard biodiversity data in
multi-disciplinary biodiversity science. Mace and
Baillie (2010), for example, argued that “available
data also tend to emphasize taxonomic diversity,
rather than ecosystem functions and services”.
These arguments are reinforced by survey
respondents’ call for mobilised data relating to
species’ trait data and corresponding functions for
species. Biodiversity studies that integrate species
data, genomics, functional traits, and other data
will be supported by emerging tools for research
and policy that can incorporate all these kinds of
data (e.g. Faith et al. 2009). Equally, greater
integration of different data types can be
accompanied by a shared analytical toolbox. For
example, the Barcode of Life Data Portal (Sarkar
and Trizna 2011) currently makes available a range
of tools specifically for analysis of DNA barcoding
data, but also could take advantage of tools
commonly used for other data types.

Arguments for expanded biodiversity-related
data sometimes are reflected in an expanded
definition of “biodiversity”, beyond its core
interpretation as “living variation”. For example,
Diaz et al. (2009) consider biodiversity as “the
number, abundance, composition, spatial
distribution, and interactions of genotypes,
populations, species, functional types and traits,
and landscape units in a given system”. Each of
these aspects defines potential new data types that
need to be considered in an integrated way by the
GBIF network and its partners (see also Hardisty et
al. 2013). To expedite such integration, GBIF
might link to progress already made in digitizing
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some of these types of biodiversity data. Other
useful progress is found in compiled databases
such as that for phylogenetic relationships (see
Page 2008).

Important new data links of this kind include,
for example, observations data from the Global
Mountain Biodiversity Assessment (GMBA), a
cross-cutting network of DIVERSITAS. GMBA
has produced a metadata catalogue
(http://gmba.unibas.ch/index/index.htm?output=pri
ntable) linked to GBIF, that describes ‘the "who,
what, where, when, why and how" pertaining to the
collection of a given ecological dataset on
mountain biodiversity”.

Another example is found in the extensive
information contained in existing atlas data bases,
which provide collections of spatially explicit data
on species occurrences. Robertson et al. (2010)
advocate expanded databases of this kind: “The
most useful atlases have a good measure of
sampling effort; include data collected at a fine
enough resolution to link to habitat variables of
potential interest; have a sufficiently large sample
size to work with in a multivariate context; and
offer clear, quantitative indications of the quality
of each record to allow for the needs of users who
have specific demands for high-quality data.”
When these requirements are met, ecological
biogeography and other inferences can be drawn,
as demonstrated by exemplary cases such as Escala
et al. (1997).

GBIF users would benefit from links to the
rapidly expanding information on ecosystem
services (any processes or benefits derived from
ecosystems; Tallis and Polasky 2009). While
conservation of ecosystem services does not
necessarily provide support for conservation of
biodiversity, it does represent a key way to reduce
the opportunity costs of retaining intact localities
(Faith 2011). The need to integrate ecosystem
services into regional-scale biodiversity
assessments is a prime example of the gains to be
made by integrated data. Indeed, this fundamental
requirement for effective trade-offs and synergies
among biodiversity conservation and other needs
of society points to the need for integration of a
wide variety of different data types.

“Unaccounted-for ecosystem services” have
been recognised as a major information challenge
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(Tallis and Polasky 2009; Eigenbrod et al. 2010).
At the same time, biodiversity data gaps must be
addressed in order to properly find synergies and
trade-offs among these different aspects of human
well-being. The biodiversity measures used in
many recent trade-offs studies do not yet combine
ecosystem services information with the available
primary biotic data that would produce effective
surrogates or indicators for overall (“wholesale™)
biodiversity patterns (Faith et al. 2010). The
Millennium Ecosystem Assessment (2005) called
for “a “‘calculus’’ of global and regional
biodiversity. This would allow global biodiversity
gains and losses to be quantified in a unified way
over various response strategies, thereby clearly
identifying the trade-offs involved at a regional
level. Such a calculus of biodiversity depends on
effective biodiversity surrogates. These will be
based upon the best possible use of a combination
of environmental and species (for example,
museum collections) data.” A calculus of
biodiversity therefore must use surrogates
information to provide estimates of useful
measures relating to biodiversity change, in order
for biodiversity to effectively be “on the table” for
decision-makers (for examples, see Faith et al.
2008). International initiatives (discussed below)
make the comprehensive use of mobilised primary
biodiversity data even more urgent.

National and international biodiversity initiatives

Our recommendations covering “extending
data types, applications” can support links between
GBIF and important national and international
biodiversity initiatives. Because these initiatives
require integration of biodiversity conservation
goals and other factors (ecosystem services, socio-
economic costs, etc.), they not only reinforce our
recommendations about “making a difference” in
biodiversity conservation, but also link to the need
to consider “new” types of data and applications.
Below, we particularly highlight some of the
linkages that build on the capacity for GBIF
mobilised data to develop a calculus of
biodiversity.
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1. GEOBON

The Group on Earth Observations (GEO;
www.earthobservations.org) and its Global Earth
Observing System of Systems (GEOSS) seek to
improve the coordination of new and existing
“Earth observation” data sets. One of the GEOSS
systems (addressing to one of GEO’s nine
designated societal benefit areas) is the new
Biodiversity Observation Network (GEO BON;
Andrefouet et al. 2008). GEO BON is to provide
capabilities for sharing observations regarding
biodiversity, from regional to global scales.

GBIF is already established as a key partner in
pursuing these goals (Andrefouet et al. 2008). In
accord with our recommendations, future efforts
could pursue links between existing GBIF
mobilised data and the other data types that are
required within GEO BON (including remote
sensing, ecosystem services, vegetation maps, and
genomics data). Case studies, and early GEO BON
products, could highlight the value added by such
integration of GBIF mobilised data with other
information. For example, GBIF mobilised data on
species distributions can be used to add value to
existing vegetation/ecosystem classifications (by
estimating biotic overlaps among types), so
providing improved surrogates (proxy) information
for global biodiversity patterns (Faith and Walker
1996). One important new context is the Red List
for Ecosystems (Rodriguez et al. 2012), which may
use GBIF mobilised data to interpret these
assessments at the species level (Faith 2012).
GEO BON may present many opportunities for
such value-adding using GBIF mobilised data (see
also Couvet et al. 2012).

Biodiversity surrogates models based on
combining available environmental data and GBIF
mobilised species data (Faith and Walker 1996;
Ferrier 2002; Soberon and Peterson 2009) may
provide “essential biodiversity variables” (Pereira
et al. 2013) describing patterns of “overall” or
wholesale biodiversity. These models can support
a core GEO BON strategy in which the
interpretation of remotely-sensed changes in the
extent and condition of land (or water) localities
are interpreted through the “lens” of these inferred
spatial patterns in biodiversity (Andrefouet et al.
2008; Faith et al. 2009). Sober6n and Peterson
(2009) propose a simple variant of the lens
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approach “based on the increased availability of
raw data about occurrences of species, cutting-
edge modelling techniques for estimating
distributional areas, and land-use information
based on remotely sensed data to allow estimation
of rates of range loss for species affected by land-
use conversion.”

An important point is that the developing
toolbox for biodiversity models and inferences that
make use of GBIF mobilised species data opens
the door to integration with other kinds of data. For
example,  existing  biodiversity  surrogates
modelling approaches may be applied also to
genomics data (Faith et al. 2009). Such a common
modelling framework highlights the fact that these
previously separate data types need to be linked,
supporting our recommendations related to new
data types.

2. IPBES

While GEO BON focuses on observations
systems, other relevant international initiatives
focus on assessment — broadly, the task of bringing
science to bear on policy. The new Intergovernmental
Science-Policy Platform on Biodiversity and
Ecosystem Services, IPBES (http:/Awww.ipbes.net) is
to identify key scientific information needed for
policymakers “for the conservation and sustainable
use of biodiversity, long-term human well-being
and sustainable development” (UNEP 2010b).
IPBES also will catalyze new research to fill
knowledge gaps. Significantly, IPBES will respond
to requests from individual nations and from other
stakeholders.

In considering the gaps in the science-policy
interface that might be addressed by IPBES, UNEP
(2009) pointed to the need to build on GBIF’s
increasing “collaboration with a wide range of
organizations in order to explore the value of the
data available, and to seek to combine it with other
data meaningfully.” The challenges raised by
IPBES provide important context for our
recommendations. IPBES is to “perform regular
and timely assessments of knowledge on
biodiversity and ecosystem services and their
interlinkages, which should include comprehensive
global, regional and, as necessary, subregional
assessments”  (UNEP  2009). Further, the
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assessments are to be based on “a clear and
transparent process for sharing and incorporating
relevant data.” (UNEP 2009). IPBES will identify
“core variables” related to biodiversity to support
ongoing assessments of biodiversity and ecosystem
services at multiple scales (Van Jaarsveld et al.
2011). These are to provide “some degree of
standardization in approach across regional and
subregional assessments”. These core variables
logically should include various indices of
biodiversity based on the “core observations”
provided through GBIF.

This process would benefit from an expanded
GBIF global infrastructure for mobilising and
sharing biodiversity information (at various
geographic scales and across national boundaries),
together with GBIF’s provision of information to
common standards and open access principles.
IPBES therefore provides an important opportunity
to address our recommendations that call for
biodiversity conservation applications and for
greater integration of other types of data.

3. Convention on Biological Diversity

The Convention on Biological Diversity has
adopted 20 targets as part of its new Strategic Plan
(UNEP 2010a). The Strategic Plan calls for GBIF
inputs towards implementation of the Plan:

“The following are key elements to ensure effective
implementation of the Strategic Plan:

..Global monitoring of biodiversity: work is
needed to monitor the status and trends of
biodiversity, maintain and share data, and develop
and use indicators and agreed measures of
biodiversity and ecosystem change; - The GEO-
Biodiversity Observation Network, with further
development and adequate resourcing, could
facilitate this, together with Global Biodiversity
Information  Facility and the Biodiversity
Indicators Partnership.”

One goal of the new Strategic Plan is that “the
science base and technologies relating to
biodiversity, its values, functioning, status and
trends, and the consequences of its loss, are
improved, widely shared and transferred, and
applied ”(UNEP 2010a). GBIF clearly can help
address this broad goal.

GBIF also can play a specific role in helping to
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provide a biodiversity calculus, based on GBIF ecosystem services. Thus, GBIF mobilised data
mobilised species data, as a basic building block should play a key role in providing the information
for addressing the 20 new CBD biodiversity base to assess whether conserved areas include
targets. This can help ensure that strategies for those of particular importance for biodiversity.
individual targets address overall biodiversity. As

one example, Target 11 calls for conservation of  Promoting ease-of-use and incentives for wide-use

“at least 17 per cent of terrestrial and inland water, Our CNA TG Survey raised concerns relating
and 10 per cent of coastal and marine areas, to ease of use that may be addressed by four
especially areas of particular importance for  recommendations (Table 3; again, a number of the
biodiversity and ecosystem services” (UNEP  recommendations have subsidiary recommend-
2010a). A given percentage area protected can ations).  These recommendations focus on
have large or small representation of biodiversity;  enhancements of the GBIF global discovery and
consequently assessment requires some explicit  gccess portals (including useful outputs), on
measurement of biodiversity coverage by protected  creating incentives for users and contributors, and
areas. GBIF data could help to achieve a balance  on design aspects that better link different data

among the sometimes competing goals of  sources within a de-centralised system.
conservation of ecosystems, biodiversity, and

Table 3. Recommendations relating to promotion of ease-of-use and incentives for wide-use

11. Implement a ‘data publishing framework’, including mechanisms for incentivizing efforts for data
volume mobilization, as well as data quality enhancement.

a. Develop a ‘data citation mechanism’ to adequately credit and acknowledge the contributions
of all players in the data ‘life cycle’, from data creation to dissemination.

12. Enhance the data portals (http://data.gbif.org, and Participant portals) to facilitate ready to use
processed outputs such as maps as images for immediate use in publications and reports.

a. Explore production of customized maps as output options.
b. Provide more easy to use output formats and data retrieval processes.

13. Enhance the GBIF network with infrastructure, services, standards, and tools that facilitate rapid and
cost-efficient discovery and publishing of ‘fit-for-use’ primary biodiversity data.

a. Implement persistent identifiers at dataset and data record level.
b. Establish the data hosting center infrastructure across the GBIF network.

¢. Ensure that time required for indexing data sets is minimized. Similarly, the gap between
updates should be minimised.

d. Develop and publish the GBIF internationalization strategy and action plans, enhancing the
ability of the network to discover, publish and use multilingual data resources.

e. Enhance GBIF’s ability to discover and publish datasets in their entirety.

f. Promote more national, regional, and thematic portals (and access points) in addition to
global data portal (data.gbif.org), with features and services that would satisfy the needs of
the cross-sectional stakeholders.

14. Enhance GBIF’s role as a discovery service within a decentralised system, where users can discover
data using data descriptions contained in distributed metadata catalogues.
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In our recommendations, one of the key
themes is incentives that can expedite progress in
discovery and publishing of primary biodiversity
data. Progress would be promoted if data
publishing was regarded as having the same status
as traditional scientific (peer-reviewed) scholarly
publishing (Chavan and Ingwersen 2009). In
accord with this, we recommend an early uptake of
recommendations of its Data Publishing Frame-
work Task Group (GBIF 2009e; Moritz et al.
2011) and incentivisation mechanisms proposed
(Chavan and Penev 2011; Chavan and Ingwesen
2009; Ingwersen and Chavan 2011; Goddard et al.
2011).

Another key theme relates to the increasing de-
centralisation of data and the need for meta-data
strategies to help users find the data they need. In
recent years, the focus of the GBIF network has
shifted from data access to broader data discovery
(GBIF 2008). Therefore, further enhancements are
essential to broaden the coverage of data types
discovered through the GBIF Data Portal (GBIF
2009f; GBIF 2009g; GBIF 2009h; Kelling et al.
2008; Morris et al. 2013, this volume), and to
promote meta-data catalogues. As mentioned
earlier, local-to-global scale strategies and action
plans for discovery and publishing of biodiversity
data are essential (Berendsohn et al. 2010; GBIF
2010a; GBIF 2010b; Gaiji et al. 2013, this volume;
Otegui et al. 2013, this volume). This requires that
GBIF establish a network of distributed ‘data
hosting centers’ to provide user-friendly
infrastructure for data publishing (Goddard et al.
2011). In tune with this, GBIF needs to better
facilitate indexing data, and its discovery through
data portal. These efforts might be enhanced by
appropriate training and capacity development
(e.g. Coetzer 2012).

Several of the key recommendations would
help increase efforts to make it easy for a wide
variety of users to discover GBIF. An example
strategy that would address this is forging links to
a new initiate through PLoS (Public Library of
Science). PLoS argue that:

“Scientists are amassing details about the scope
and status of life’s variation at an accelerating
rate. This aids our understanding of species
distributions and their interactions over time.
However, if we are to address the consequences of
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global environmental change for life’s future,
biodiversity data must be integrated and
synthesized to a much greater degree than they are
at present, and this can be promoted by enhanced
communication among the interested parties, and
raising public awareness.”

PLoS have launched a Biodiversity Hub
(http://hubs.plos.org/web/biodiversity) to promote
such communication of biodiversity studies. The
Biodiversity Hub is to add value to such studies in
the form of data/images, etc. Thus, these added
value contributions might serve to highlight uses of
GBIF mobilised data.

CONCLUSIONS

The GBIF Content Needs Assessment Task
Group investigated user needs relating to
biodiversity data, and identified some major areas
of opportunity to mobilize data serving these
needs. The recommendations for GBIF fell into
three classes: 1) data gaps, data volume, and data
quality, 2) new kinds of data and new applications,
and 3) promoting ease-of-use and incentives for
wide-use. Addressing these challenges can serve
the needs of international biodiversity initiatives,
including the new biodiversity targets of the
Convention on Biological Diversity, the global
biodiversity observation network, GEO BON, and
the new Intergovernmental  Science-Policy
Platform on Biodiversity and Ecosystem Services
(IPBES). However, as is evident from the Content
Needs Assessment Survey (Arifio et al. 2013, this
volume), any user needs survey realistically
provides just one glimpse at the evolving user
landscape. One limitation of even the most up-to-
date survey is that it cannot anticipate the full
range of future applications and data needs.
Further, any one survey will always have some
bias in geographic coverage and/or scale. Future
Content Needs Assessments no doubt will reflect
the changing needs within what is a rapidly
evolving multi-disciplinary biodiversity science. In
that spirit, we finish by quoting from the recent call
for major efforts to explore Earth’s species and
map their distribution (Wheeler et al. 2012):
“There is ample evidence that clever scientists and
advances in technology will continue to find new
uses for museum specimens”. This perspective no
doubt applies across the whole spectrum of
biodiversity data to be mobilized by GBIF.
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