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1. Background and Introduction
For decades scientists and policymakers have been calling for more effective and efficient methods
to monitor and address the global challenges of biodiversity loss and environmental degradation
(Carpenter et al. 2006, Pereira & Cooper 2006, Navarro et al. 2017). The Convention on Biological
Diversity (CBD) has been a primary force behind the creation of systems to monitor changes in
biodiversity and has served as a global assessor of the progress made toward the achievement of
goals, such as the Aichi Biodiversity Targets established in 2010. Despite wide-spread efforts to stem
the tide of ecological decline, the CBD declared in its Global Biodiversity Outlook 5 (CBD 2020c) that
none of the 20 Aichi targets for biodiversity were fully achieved by the 2020 deadline. Only six of
these targets were accomplished partially.

The failure of the global community to rise to the call of the CBD has been attributed to many
factors, including gaps in and limited access to scientific knowledge, regional economic disparity,
and a lack of political will (CBD 2020c, CBD 2020e, IPBES 2019). Widespread use of sensor-based
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observation systems, the rise of global biodiversity aggregation services, and novel applications for
genetic and genomic discovery have helped to address some of these challenges (Turner 2014, Bush
et al. 2017). Primary ecological and biodiversity-based data are far more discoverable than in years
past (Constable et al. 2010). The increase in data availability is necessary, but insufficient to meet the
targets set to sustain natural capital.

To address the pressing crisis in biodiversity the CBD is developing a post-2020 global biodiversity
framework to support an accelerated push for action with a new set of goals and targets to replace
the Aichi targets. The Zero Draft of the framework (CBD 2020a, CBD 2020b) builds upon the mission
of the Strategic Plan for Biodiversity 2011-2020 (CBD 2010), retains the 2050 Vision and proposes five
long-term goals with associated outcomes for 2030 and 2050, including 20 action targets through
which the goals should be achieved.

Access to reliable, high-quality information is essential to achieve the goals of the post-2020
framework. The new Target 19 proposes to expand upon the partial successes towards achieving its
previous version to “ensure that quality information, including traditional knowledge, is available to
decision makers and public [sic] for the effective management of biodiversity through promoting
awareness, education and research.” This information is indispensable, as the proposed framework
presupposes that progress to attain the goals will be monitored over time. The assessment,
development and use of appropriate biodiversity indicators (UNEP-WCMC & BIP 2020) will play an
important role in the reporting processes.

A biodiversity indicator, as defined by the Biodiversity Indicators Partnership (BIP 2011), is “a
measure based on verifiable data that conveys information about more than itself”. Indicators
provide a means to monitor and report on the state of biodiversity, the Earth’s ecological systems
and the status of efforts to protect and preserve them. The BIP develops and ratifies key biodiversity
indicators (BIP 2011; UNEP-WCMC & BIP 2020) with the explicit purpose to assess the progress and
success of the draft monitoring framework (CBD 2020d) of the post-2020 global biodiversity
framework (CBD 2020d). Indicators inform policymakers to make justified decisions, measure the
progress of national and regional efforts, raise awareness, and promote educational efforts (CBD
2006). Some indicators have been used for years and applied across different biodiversity-related
conventions and processes (e.g. SDGs, IPBES, CITES, etc., see Moul et al. 2018), while others are
derived from the combined assessment of other indicators and indices.

• The Zero Draft of the framework (CBD 2020a, CBD 2020b) builds upon the mission of the
Strategic Plan for Biodiversity 2011-2020 (CBD 2010), retains the 2050 Vision and proposes five
long-term goals with associated outcomes for 2030 and 2050, including 20 action targets through
which the goals should be achieved.

• Access to reliable, high-quality information is essential to achieve the goals of the post-2020
framework. The new Target 19 proposes to expand upon the partial successes towards achieving
its previous version to “ensure that quality information, including traditional knowledge, is
available to decision makers and public [sic] for the effective management of biodiversity
through promoting awareness, education and research.” This information is indispensable, as
the proposed framework presupposes that progress to attain the goals will be monitored over
time. The assessment, development and use of appropriate biodiversity indicators (UNEP-WCMC
& BIP 2020) will play an important role in the reporting processes.

In the context of the post-2020 framework a subset of headline quantitative indicators should be
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prioritized (UNEP-WCMC & BIP 2020). Such indicators should apply to all countries and allow
prioritization of capacity and resource needs. A sufficient supply of high-quality data, common
methodologies and data standards, and observation systems, must be available to ensure that
headline indicators are comparable across the globe and to allow scalable reporting across space
and time (CBD 2021).

Timely publication of high-quality, comprehensive data is pivotal for indicators to be broadly
applicable in aiding decision-making (Collen & Nicholson 2014, Stevenson et al. 2021). Data may
suffer from a lack of completeness and from bias. A lack of completeness may result from two
different aspects of the data acquisition and sharing workflow. First, data components may not be
available and/or shared (e.g. missing fields in a database). Second, completeness may refer to
geographic or temporal gaps during sampling events (e.g. a survey to determine presence of a given
set of taxa at a national level where certain regions in the country are partially or not represented).
Bias here refers to a systematic lack of information due to a sampling design that relies on incorrect
assumptions, which may be taxonomic, geographic, temporal or environmental. Overall, providing
timely high-quality data should take into consideration ways to address both data completeness and
data bias (Nicholson et al. 2012). Furthermore, to ensure timeliness, data should conform to FAIR
principles (Findability, Accessibility, Interoperability, and Reuse of digital assets, Wilkinson et al.
2016) and encourage discoverability and accessibility to the information.

Biodiversity and ecological data are necessary for the creation of CBD’s biodiversity indicators to
monitor progress to protect and preserve the Earth’s natural systems. The primary biodiversity data
themselves, however, are not fit for use by policymakers and must first pass through the early stages
of an information supply chain (Kissling et al. 2018a) to become harmonized into derived data
products that are ready for consumption. At the heart of the supply chain, between the primary
biodiversity data and the indicators, sit a diverse set of analyses and processes that convert data
from a wide-range of heterogeneous sources into homogenous and harmonized data products.
These data products may be used in the generation of Essential Biodiversity Variables (EBVs), which,
in turn, may be used to support the creation of biodiversity indicators. As the name implies, EBVs are
an essential component of the information supply chain, yet their quality and usefulness are highly
dependent upon the quality and quantity of the biodiversity data available for use (Kissling et al.
2018a, Kissling et al. 2018b, Navarro et al. 2017, Proença et al. 2017).

Essential Biodiversity Variables (EBVs) are measured and used to evaluate changes in the biological
state across space, time and biological organization (Schmeller et al. 2017, Hardisty et al. 2019). The
measurement of some of these variables may result from the integration of multiple data sources,
such as species occurrence data and remote-sensing observations. These data sources are
aggregated and then assessed to evaluate a variable that describes temporal and spatial change that
could not be derived from a single source alone (REF?). Fundamental characteristics of EBVs are the
measurements that allow comparisons and assessment of change across various scales of time and
space. In this context, monitoring initiatives such as the Earth Observation Networks (EONs) and
Biodiversity Observation Networks (BONs) play a pivotal role in the acquisition of data and delivery of
products that can be readily used in policy- and decision-making (Lindenmayer et al. 2017, Scholes
et al. 2008, GEO BON 2021). Despite ongoing efforts, challenges remain regarding the extent of
species monitoring programs across different taxa and regions and their integration with the
enormous amount of incidental occurrence data available through global biodiversity data
platforms, such as the Global Biodiversity Information Facility (GBIF) (Pereira et al. 2010, Navarro et
al. 2017).
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Scientists continue to struggle to find sufficient quantities of occurrences that contain the high-
quality taxonomic and geographic data necessary to create EBVs and biodiversity indicators (Ariño et
al. 2013, Proença et al. 2017), despite the abundance of occurrence data (e.g. GBIF currently provides
access to around 1.7 billion occurrence records). Leaving aside considerations of the quality of the
available data, occurrences for many geographic areas or species are simply lacking, due, for
example, to a lack of capacity to mobilize the data, limited access to difficult terrain, or restricted
monitoring or inventory efforts (Sousa-Baena et al. 2014, Feeley 2015). Further, relevant details are
often missing from the data, or they are captured in a way that renders them challenging to find,
parse and process. These missing details are frequently, but not exclusively, related to associated
sampling methods and taxonomic and geographic coverages. This information is essential to
account for sources of bias and uncertainty in the data used to generate an EBV. Data and metadata
gaps may result from historical data collection practices, collecting for purposes other than
monitoring, loss of data over time or the exclusion of data during the publication process (e.g. the
flattening of metadata to fit existing data-sharing standards and infrastructures, Peterson et al.
2018).

GBIF is an international network and data infrastructure funded by the world’s governments to
provide anyone, anywhere with open access to data about all types of life on Earth. Species
occurrence data aggregated by GBIF have been used in research, education, and policy-making since
it was established in 2001. These data have been used in nearly 6,000 peer-reviewed publications
since 2008 (GBIF Secretariat 2021). This primary biodiversity data also plays a critical role in the
generation of information resources that guide the decision-making processes and the monitoring
of progress to meet international commitments under the CBD and other multilateral environmental
agreements. Growth in species occurrence records accessible through GBIF data serves as a primary
indicator for tracking progress towards Target 19 of the Aichi Biodiversity Targets. GBIF-mediated
data also contribute to the development of several other indicators covering progress towards Aichi
targets, including Target 5 (habitat loss and degradation), Target 9 (invasive alien species), Target 11
(protected areas), Target 12 (extinction risk) and Target 13 (genetic diversity).

The process to develop and approve the post-2020 global biodiversity framework presents GBIF with
a unique opportunity, especially given concerns that have been raised since the publication of the
zero-draft and its update (CBD 2020a, CBD 2020b). In particular, some stakeholders have called for
revisions to certain goals, targets and indicators to ensure the framework’s effectiveness in different
thematic areas and its overall goals (see Díaz et al. 2020, Essl et al. 2020, Hoban et al. 2020, Williams
et al. 2020). As the premier data-sharing infrastructure for global biodiversity data, GBIF may
position itself both to influence and to contribute to new and robust indicators of biodiversity while
continuing to inform existing indicators. Biodiversity-related indicators and EBVs — and the ability to
use them to achieve goals and targets — will benefit from high-quality biodiversity data brought
together through GBIF.

When COP15 delegates approve the post-2020 framework, a new wave of biodiversity-related
activities will begin; existing biodiversity indicators will be refreshed, new indicators may be
constructed. To inform these indicators, primary biodiversity data and a range of EBVs and methods
of analyses will be needed. GBIF, as an observer of the CBD, has been part of this conversation and
has taken steps to ensure that GBIF, the members of the alliance for biodiversity knowledge and all of
the biodiversity data this collaboration has mobilized are prepared to contribute to the
implementation of the post-2020 framework in meaningful ways. Key to these efforts is a better
understanding of the landscape of data sources and relevant stakeholders involved in the
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development of indicators, as well as the dependencies among them, to help direct future
collaborations and commitments.

In this study we identify projects and products that make use of primary biodiversity data to support
the post-2020 biodiversity framework and how they inform indicators and information tools that
address different CBD concerns. Also, we review and characterize the sources of primary biodiversity
data used to inform indicators and other information products to identify where data use is
redundant and how GBIF might provide data more effectively. Finally, we perform an analysis of the
likely dependencies on primary biodiversity data within the post-2020 biodiversity framework,
including primary biodiversity data and data from other disciplines, with an assessment of the
intervening organizations and their roles in data collection, harmonization and delivery of primary
biodiversity data, EBVs and indicators towards policy agendas.

2. Methods
To ensure efficient and effective provision of biodiversity data and services , GBIF commissioned an
analysis of existing biodiversity indicators that depend on primary biodiversity data. This analysis
looks at how GBIF-mediated data feeds into the development of indicators and how it informs the
work and products of the IPBES, the CBD, and other global, national and regional science-policy
processes.

A data source is defined broadly in this study. Most data sources are products generated for use by
researchers, policymakers and others across multiple communities. They are often used as baseline
or primary data inputs for analyses. Once these analyses are performed the result is a data product
that contains modified data from the initial data sources, as well as new data derived from the
analyses. Some EBVs and indicators use only the primary biodiversity data from various data sources,
while others may use a combination of primary data and data products in their creation. Thus, the
term “data sources” refers to both primary data and data products used to create indicators. For the
purposes of this study, data aggregated through GBIF is considered to be primary data, and not as a
data product.

This study began with an exploration of the existing indicators identified as most likely to contribute
to the monitoring framework of the post-2020 global biodiversity framework. A first step was to
modify the list of BIP and GEO-BON indicators published in the Information Document prepared for
SBSTTA24 by UNEP-WCMC and BIP (UNEP-WCMC & BIP 2020). This list contained indicators predicted
to contribute to the post-2020 framework directly. Other indicators identified as potential
contributors were added to generate a comprehensive list. We selected 11 indicators from the
extensive list for in-depth assessments of their use of primary biodiversity data. These indicators
were selected for analysis because they declared the use of GBIF-mediated data or partnerships with
GBIF in their online documentation, such as the indicator descriptions on the BIP web site. Two
additional indicators not on the SBSTTA24 list were found to have direct connections to GBIF and
were added to the analysis (Growth of Species Occurrence Records Available through GBIF and the
Species Status Information Index). Other indicators, such as the IUCN’s Red and Green Lists may also
use GBIF data, but no evidence of use was available publicly, so those indicators were not included in
this study. The list of indicators assessed can be found in Table 1.

The Information Document prepared for SBSTTA24 (UNEP-WCMC & BIP 2020) provided a limited
quantity of information about each of the selected indicators. Documentation describing each
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indicator provided on the BIP web site was also limited. Therefore, we undertook an investigation to
better understand

1. the specific characteristics of the data sources used in each indicator

2. the types of data that contributed to the indicators (in addition to biodiversity data)

3. the actual datasets used to build each indicator

For each source we recorded a broad range of characteristics, including:

• the geographic, temporal and thematic spread of the source

• its funding sources

• the origin of the data aggregated into the source (e.g. repositories gathering data from natural
history collections; citizen science data; data produced from research activities directly)

• the data provenance (e.g. indicating whether it is known, declared or not)

• the kind of access that is granted to the source (e.g. open, free, licensed, variable)

• the source activity/currency (e.g. if it is an ongoing activity or a one-time-only release)

Where available, we recorded links to the primary biodiversity datasets.

To identify the types of data that each indicator uses and the dependencies between the agencies
using those data, we categorized the indicators by use of:

1. species occurrence data (records/data that describe the presence or absence of species)

2. species information (descriptions of location or traits of species, including range maps and
distributions)

3. abiotic information (earth science data, non-biological data)

4. genetic (data about genetic resources)

5. other (data that don’t fit into the above categories neatly).

To gather this information, we consulted the source organizations or projects through their websites
and data portals. Direct communications clarified methodological approaches and integration with
other data sources. We paid special attention to data accessibility and the reproducibility of the
results, recording any issues that arose in defining the provenance of the data.

3. Results
As we started to assess the 11 biodiversity indicators, several patterns emerged almost immediately
and held true for the duration of the analysis (Table 1 and Table 2). These patterns can be grouped
into four themes that influence how biodiversity indicators are created and how the groups
responsible for the maintenance of each indicator communicate with the broad community.

1. Transparency influences both how EBVs and indicators are created, and how they are shared
with the research and policy communities. Individuals attempting to understand how any given
indicator was formulated, how it made use of primary biodiversity data, and which processes and
analyses were applied to those data, have few clear pathways to find answers. Thus, many EBVs
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and indicators present themselves as ‘black boxes’ and require specialized knowledge to
understand their inner workings. We present specific examples in the Discussion section below.

2. The data sources used to create biodiversity indicators represent a broad diversity in topic and
presentation (Table 1). We observed several strong patterns in the data sources and their host
organizations (Table 1 and Table 2).

a. Biodiversity data platforms are generally the primary sources of the biodiversity data used in
indicator creation. These platforms, such as GBIF.org for biodiversity data, differ from the
original publishers of the data in that they are not usually the stewards or sources of the
primary biodiversity data. Organizations such as natural history museums, government
collections, and non-governmental organizations often provide the primary data and publish
them to biodiversity data platforms to ensure that these data have broad distribution and are
easily discoverable. Platforms provide the broad community with access to open, licensed
data that tend to be general in their taxonomic, geographical and temporal scopes, although
there is significant variation in the quantity, quality and presentation of the data from one
platform to another.

b. The data sources used to construct indicators are not limited to those provided as primary
biodiversity data. Biodiversity data are used in combination with sources of other types of
data from a variety of sources, such as distribution ranges and maps, land cover and land use
imagery, climatic information, geographic administrative and political information, and socio-
economic information. It is very common for biodiversity data to be used in conjunction with
geographic and land use data, thus the quality of the locality data within each data set
correlates with the quality of the output of the analyses performed for a given indicator.

c. Most primary data sources used in the indicators reviewed are freely accessible, yet the
documentation of and access to the specific data actually used in the construction of the
biodiversity indicators is often not available. This limitation presents challenges for the
transparency of the creation processes and for communicating about each indicator (related
to theme 1 above). A significant proportion of the data used in building some of the
indicators comes from research published in closed-access scientific journals.

d. In almost all cases, the data sources used in indicator construction are generated, maintained
and aggregated by governmental agencies or non-governmental organizations. Data that
originate from or are maintained by private entities may be used in conjunction with public
data, but there is little evidence to link any for-profit group to indicator creation.

Table 1. Summary of data sources types, organizations and data types feeding into indicators. For
more details, see Supplemental Materials.

Indicator
Organization
responsible for
indicator

Identified data
sources type

Data source
organization

Data type

Growth of Species
Occurrence
Records Accessible
Through GBIF

GBIF
occurrence
datasets

GBIF occurrence
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Indicator
Organization
responsible for
indicator

Identified data
sources type

Data source
organization

Data type

Species Status
Information Index
(SSII)

GEO-BON
occurrence
datasets

GBIF occurrence

Map of Life research outputs Map of Life*
occurrence,
species
information

Species Protection
Index

GEO-BON
Map of Life

landscape datasets Landsat/MODIS landscape

peer-reviewed
publications,
research outputs

Map of Life* occurrence

research outputs,
occurrence
datasets

GBIF occurrence

Species Habitat
Index (SHIs)

Map of Life, Yale
University
NGS

landscape datasets Landsat/MODIS landscape

peer-reviewed
publications,
research outputs

Map of Life* occurrence

research outputs,
occurrence
datasets

GBIF occurrence

Biodiversity
Habitat Index

CSIRO

peer-reviewed
publications

n/a
species
information

peer-reviewed
publications,
landscape datasets

n/a
species
information,
abiotic info

occurrence
datasets

GBIF occurrences

Bioclimatic
Ecosystem
Resilience Index
(BERI)

CSIRO

occurrence
datasets

GBIF occurrence

peer-reviewed
publications,
landscape
datasets, outputs

Map of Life* occurrence

abiotic datasets WorldClim abiotic info

abiotic datasets Soil Grids abiotic info

abiotic datasets EarthEnv abiotic info

abiotic datasets WorldGrids abiotic info
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Indicator
Organization
responsible for
indicator

Identified data
sources type

Data source
organization

Data type

Protected Area
Representativenes
s Index

CSIRO +(GEOBON,
GBIF, Map of Life)

landscape datasets Landsat/MODIS
species info,
abiotic info

research outputs,
occurrence
datasets

GBIF occurrences

landscape datasets Protected Planet other

peer-reviewed
publications,
landscape datasets

n/a
species info,
abiotic info

abiotic datasets WorldClim abiotic info

abiotic datasets Soil Grids abiotic info

abiotic datasets EarthEnv abiotic info

abiotic datasets WorldGrids abiotic info

Crop Wild Relative
Index

Alliance Bioversity
CIAT & IUCN/CW
RSG

occurrence
datasets

GBIF** occurrences

landscape datasets **
species info,
abiotic info

genetic datasets ** genetic data
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Indicator
Organization
responsible for
indicator

Identified data
sources type

Data source
organization

Data type

Agrobiodiversity
Index

Alliance
Biodiversity & CIAT

other
Alliance
Biodiversity & CIAT

other

other publications ESDAC
species
information

landscape datasets ESA Landscape

research outputs n/a
species
information

peer-reviewed
publications

n/a

occurrence,
species
information,
abiotic
information,
landscape, other

occurrence
datasets

CIAT
species
information

occurrence
datasets

GBIF occurrence

genetic datasets Genesys genetic data

other
Alliance
Biodiversity & CIAT

other

other OECD other

occurrence
datasets, genetic
datasets,
landscape
datasets, abiotic
datasets, peer-
reviewed
publications,
research outputs,
other

Yale University

occurrences,
species
information,
abiotic
information,
genetic data,
landscape, other

genetic datasets,
other

FAO
genetic data,
abiotic
information, other
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Indicator
Organization
responsible for
indicator

Identified data
sources type

Data source
organization

Data type

Comprehensivene
ss of conservation
of
socioeconomically
as well as
culturally valuable
species

CIAT, Crop Trust

occurrence
datasets

GBIF** occurrence

peer-reviewed
publications, other
biological datasets

World Economic
Plants database

species
information

genetic datasets GENESYS genetic data

occurrence
datasets

Crop Wild Relatives
database of Global
(CWR) Project

occurrence

abiotic datasets WorldClim abiotic info

abiotic datasets CGIAR-CSI SRTM abiotic info

abiotic datasets ISO abiotic info

Table 2. Summary of the characteristics of the data sources organizations. For more details, see
Supp. Material.

Data
source
organizat
ion

Geograp
hic
spread

Taxonom
ic spread

Temporal
spread

Funding
origin

Data
origin

Data
provenan
ce

Access Activity

CGIAR-CSI
SRTM

global n/a n/a governm
ent, NGO

governm
ent, NGO,
research

not
declared

open active

CIAT global agricultur
al taxa

1967-
2020

governm
ent, NGO

governm
ent,
research,
other

not
declared

open active

Crop Wild
Relatives
database
of Global
(CWR)
Project

global plant taxa n/a governm
ent, NGO

governm
ent, NGO,
research

not
declared

open,
licensed

active

EarthEnv global n/a n/a governm
ent, NGO

governm
ent, NGO,
research

not
declared

not
specified

active

ESA global n/a 1992-
2015

governm
ent

governm
ent,
research

not
declared

open active
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Data
source
organizat
ion

Geograp
hic
spread

Taxonom
ic spread

Temporal
spread

Funding
origin

Data
origin

Data
provenan
ce

Access Activity

ESDAC global n/a n/a governm
ent

governm
ent,
research

not
declared

open active

FAO global agricultur
al taxa

1961-
2020

governm
ent

governm
ent, other

not
declared

open active

GBIF global all taxa n/a governm
ent, NGO

governm
ent, NGO,
research

publisher
s
declared

open,
licensed

active

GENESYS global plant taxa n/a governm
ent, NGO

governm
ent, NGO,
research

publisher
s
declared

open,
licensed

active

ISO global n/a n/a governm
ent, NGO

governm
ent, NGO

not
declared

open active

Landsat/
MODIS

global n/a 1999-
2020
(2014-15)

governm
ent

governm
ent,
research

projects
declared

open,
with
registrati
on

active

Map of
Life

global plant/ani
mal taxa

2011-
2020

own,
research

governm
ent, NGO,
research

not
declared

open,
licensed

active

OECD develope
d nations
(37)

n/a 1961-
2020

governm
ent

governm
ent, other

not
declared

open active

Protected
Planet

global n/a 1981-
2020

governm
ent, NGO

governm
ent, other

not
declared

open active

Soil Grids global n/a n/a governm
ent, NGO

governm
ent, NGO,
research

not
declared

not
specified

active

World
Economic
Plants
database

global plant taxa n/a governm
ent

governm
ent, NGO,
research

publisher
s
declared

mostly
open,
custom
terms of
use

active

WorldCli
m

global n/a n/a governm
ent, NGO

governm
ent, NGO,
research

not
declared

open,
licensed

active
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Data
source
organizat
ion

Geograp
hic
spread

Taxonom
ic spread

Temporal
spread

Funding
origin

Data
origin

Data
provenan
ce

Access Activity

WorldGri
ds

global n/a n/a governm
ent, NGO

governm
ent, NGO,
research

not
declared

not
specified

inactive

Yale
University

global n/a 1970-
2020

governm
ent, NGO

governm
ent, NGO,
research,
other

some
publisher
s and
projects
declared

open active

3. The pathway for data moving from biodiversity data platforms into the analysis pipeline during
the creation of a biodiversity indicator is not always linear. The use or sharing of datasets and
data products between indicators magnifies issues of transparency, especially when primary
biodiversity data is processed for the benefit of Indicator A and then Indicator A’s data products
are used as the inputs for analysis for Indicator B. These relationships between indicators are not
uncommon. For example, the relationship between the Species Habitat Index (SHI; produced by
Map of Life) and the Bioclimatic Ecosystem Resilience Index (BERI; produced by CSIRO)
demonstrate how data and data product use can become intertwined (Figure 1A).

The SHI uses biodiversity data from GBIF and other biodiversity data platforms and individual
data providers. That data is subjected to various analyses from which Map of Life produces
various data products (new datasets) which are then used in part to create the SHI. Similarly,
CSIRO takes biodiversity data from GBIF, combines it with data products developed by Map of
Life and then uses them to create the BERI. The fact that both use data from GBIF directly
demonstrates a likelihood of data overlap, while CSIRO’s use of data products from Map of Life
that already include GBIF data demonstrates a circular use of data. Adding complexity to this
process, both the SHI and BERI utilize data products from the creation of EBVs produced by GEO-
BON, which also uses Map of Life data products. The effect of these circular and overlapping data
uses essentially creates a ‘black box’ whose inner workings lack transparency and cannot be
discerned easily, if at all. The analysis of the positive or negative effects on the accuracy and
effectiveness of a given indicator produced with these types of relationships was not within the
scope of this research.

The Agrobiodiversity Index is unique in that it follows a more complex path than other indicators
(Figure 1B), as it builds not only on data and data products but also on other indexes (e.g. the
Environmental Performance Index). Transparency becomes more important as the complexity of
a given indicator, such as the Agrobiodiversity Index, is increased.

A
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B

Figure 1. Data workflow / life cycle from data generation, through aggregation or compilation by
different sources, to building of biodiversity-related indicators, and dependencies across the distinct
organizations involved. A. Example for two of the indicators assessed: Species Habitat Indexa and
Bioclimatic Ecosystem Resilience Index. B. Example for the Agrobiodiversity Index.

4. Finally, species occurrence data is one of many types of data used to generate EBVs and
biodiversity indicators (Table 3). The occurrence data used in these indicators can often be traced
back to GBIF, either as direct downloads or as source material for secondary data products
produced for EBVs or indicators. The occurrences themselves are derived from multiple sources;
they can come from a biodiversity data platform directly (e.g. GBIF); they may be extracted from
from surveys, inventories, and checklists; and from other maps, peer-reviewed publications, and
even from personal research documentation, as demonstrated by the published sources used for
the Species Habitat Index, produced by Map of Life. It is worth noting that when more than one
platform is used, the result is often the use of shared or duplicate data, such as when data from
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GBIF and VertNet (http://vertnet.org/) are used (all records in VertNet are also in GBIF). Datasets
used in conjunction with species occurrence data encompass a broad range of topics and
sources. The use of various forms of geographic data are common, including LANDSAT, MODIS
and CGIAR CSI, climatic data (e.g. WorldClim), genetic resources (e.g. GENESYS), and other
environmental and agricultural datasets may be used (e.g. SoilGrids; FAO; CIAT; see Table 1).

Table 3. Types of data used for building the biodiversity-related indicators assessed in this study.

Data type

Indicator occurren
ce

species
info

abiotic
info

genetics other

Growth of Species Occurence Records
Accessible through GBIF

✔ ✔ ✔ ✔

Species Status Information Index ✔ ✔ ✔ ✔ ✔

Species Protection Index ✔ ✔ ✔

Species Habitat Index ✔ ✔ ✔ ✔

Biodiversity Habitat Index ✔ ✔

Bioclimatic Ecosystem Resilince Index ✔ ✔ ✔

Protected Area Representativeness Index ✔ ✔

Crop Wild Relative Index ✔ ✔

Agrobiodiversity Index ✔ ✔

Comprehensiveness of conversation of
socioeconomically as well as culturally
valuable species

✔

4. Discussion
The results of this analysis offer insight into the role of primary biodiversity data and other source
materials used in the process of generating biodiversity indicators. A review of historic inputs of
primary biodiversity data into CBD processes has revealed broad usage of broad usage of species
occurrence data in generating biodiversity indicators. These data are used in conjunction with
additional data sources that describe the environmental, genetic, species and geographic
characteristics necessary to the focus of the indicator being constructed.

It is clear that biodiversity data platforms, such as GBIF, contribute to the development and use of
EBVs and biodiversity indicators by making primary biodiversity data available openly. There remain,
however, some challenges within the data and the ways in which the data-sharing community
communicates with stakeholders from the local level to national and international policymakers.
These challenges present several opportunities to improve the quality of available data and may
serve to improve efforts to achieve the goals set in the post-2020 framework.
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4.1. Relevant and timely high-quality data
Data shared by data platforms and other organizations are critical resources in a wide range of
research and scientific endeavors (Ball-Damerow et al. 2019, Graham et al. 2004, Heberling et al.
2021). GBIF, in particular, has played a leadership role in efforts to provide primary data in support of
research since its creation in 2001. These efforts must continue in support of research and education
globally. To become more relevant to the goals presented by the CBD in the post-2020 framework,
however, there are several considerations that may be examined in regard to the types and quality
of the data provided through global networks.

The process of building meaningful EBVs that can inform indicators needs data that can be reliably
tracked across not just organism, space and time but also provenance; the latter includes relevant,
complete and searchable metadata about the inventory process and the methods that produced
those data. Over the last two decades there have been enormous efforts to mobilize biodiversity
data, which have resulted in the availability of massive amounts of published data. Although data
quality has long been recognized as a key step in the data mobilization process, there is still a large
volume of data that still needs to be checked for quality and completeness. As a consequence, much
of the data shared through biodiversity data platforms lack one or more of those four components,
which limits or excludes their use in the creation of EBVs and biodiversity indicators. Furthermore,
much of the data currently shared correspond to incidental records and lack any defined inventory
or survey methods.

According to the UNEP-WCMC & BIP (2020), “The post-2020 global biodiversity framework will be
implemented primarily at the national level. It is therefore important that the relative roles and
suitability of both global and national indicators are considered.” The provision of data suitable for
the national-level implementation strategy of the post-2020 framework that addresses the
challenges of scalability will require biodiversity data platforms to improve the quality and
completeness of available data and expand their infrastructure to include new data types and
formats.

Data quality is an important consideration throughout the process of biodiversity data mobilization.
GBIF and other organizations have devoted thousands of hours to train people working with data
and to encourage a high standard for data published to public data portals (e.g. BID and BIFA
Programmes, VertNet Training Curriculum, iDigBio Workflows). GBIF, for instance, provides a clear
set of minimum requirements for published data. Once data are published to the GBIF portal,
automated processing routines flag data quality issues and produce a set of interpreted fields that
use standardized terminology or recommended vocabularies. Such routines help to improve
accuracy, increase the discoverability of data and ensure applicability of the data for use across a
wide spectrum of research and policy endeavors. While these efforts should continue, they may not
sufficiently improve the quality of data to make them useful in the post-2020 framework or EBVs and
biodiversity indicators that support it.

For EBVs that use multi-variable analyses to aggregate and homogenize data across species, space
and time, a taxon name, an event date and a set of coordinates are not enough to account for any
bias or deficiencies in the available data. One way to help to overcome these biases is to publish
occurrence and event records with metadata that describe the collection methodology and
processes that are as rich as possible. Unfortunately, this type of correction will only be useful for
certain types of analyses, and many species occurrence records that represent presence will still not
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be likely to be useful for EBVs that must account for absence data. For these EBVs, well-documented
monitoring or inventory event data is needed. Certainly, not all data will be useful in this arena, nor
are the biodiversity data platforms responsible to make all data high-quality, but some existing
legacy data could be enhanced to become more fit for use. Further, data that are currently in the
process of mobilization, and all of the data that have the potential to be mobilized, would benefit
from an expanded set of best practices for publication.

As more monitoring data becomes available through the network, expanded best practices
guidelines should include, but may not be limited to, how to share quality metadata containing
details of the sampling methods employed and descriptions and provenance of the collected data. To
make this practical, biodiversity data platforms will need to review and amend current data-sharing
standards and practices, and upgrade their infrastructures to host and display new types of data and
data formats. An example of a new standard that is under review for implementation is the
Humboldt Core (Guralnick et al. 2017), which would allow more effective sharing of inventory data
used for monitoring (Guralnick, pers. comm.).

Currently, many of the datasets published to biodiversity data platforms do not include the metadata
adequate to the purpose of addressing bias in the creation of essential biodiversity variables. Several
factors contribute to this limitation. In some cases, these data may not have been recorded at the
time of collection, while in others it may not yet be digitized from field books and other physical
media. For large collections that contain decades worth of data, the process of documenting the
metadata for thousands of specimens and collection events may be far too onerous and
burdensome. Further, not all data in these collections will have the associated metadata necessary
for these improvements, but many institutions will have subsets of their collections that do (e.g. the
Grinnell Survey and Re-Survey projects at the MVZ UCBerkeley). To make these data more useful to
efforts within the post-2020 framework, it may be worthwhile to encourage institutions to create
“sub-collections” for these specific monitoring and inventory projects that they could publish
separately from their larger corpus of data. Further, GBIF and other biodiversity data platforms may
wish to place greater emphasis on the publication of past and current monitoring and inventory
datasets with the expressed purpose of supporting EBV and biodiversity indicator creation. One way
to accomplish this might be to strengthen ties with the research and monitoring communities that
produce those data and encourage their participation in GBIF’s data publication programmes.

Even if these communities were to satisfy the need for more complete data in different formats,
questions would remain about how homogeneous and repeatable the treatment of the same data
can be in different contexts. As described above (see Results), the same data, from multiple sources,
is being used by distinct organizations or collaborations to build EBVs and indicators, all of which
contribute to the same overall goals within the post-2020 framework. Currently, stakeholders
developing a given EBV or indicator treat the data independently and apply their own filters and
quality checks, which may be more or less similar to those used by other stakeholders. If biodiversity
data platforms could prepare species occurrence data in advance for EBV and indicator creation, as
EBV-usable datasets, for example, better consistency and transparency might be achieved. In the
context of this research, the term “EBV-usable” is meant as described in Kissling et al. (2018a), and
refers to datasets compiled from relevant primary data with appropriate licenses that have
undergone basic consistency and completeness checks (as opposed to EBV-ready datasets, Kissling
et al. 2018a).

This preparation of data presents an opportunity for GBIF to partner with GEO BON and other
research and policy organizations to better understand their specific data needs and reinforce their
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position as a primary resource for research and analysis-ready biodiversity data. A partnership of this
sort might begin with the creation of a community consultation or conversation to identify the key
data and data preparations that are needed for EBV generation, including what types of data or
metadata are important and what data gaps need to be filled. The results of these consultations
could help set future data mobilization goals and targets for GBIF and other data biodiversity data
platforms. This conversation might also include identification of community training and capacity-
building needs and strategies for addressing them most effectively. For instance, pre-formatted EBV-
usable downloads could be provided for EBVs known to need specific subsets of data or datasets in
certain formats. Datasets could be prefiltered and preprocessed so that they are readily compatible
with other often used ecological or environmental data from data sources such as WorldClim,
Landsat, soil grids, Genesys (genetic resources) and geographic regions. These datasets might also
be validated against the GBIF/Catalogue of Life taxonomic backbone, which might help to simplify
data preparation for EBV creators and remove the need for them to perform additional taxonomic
validations.

4.2. Support the network
Accomplishing any of the data-related enhancements suggested above will require a concerted
effort across the broad biodiversity research and conservation community. The fact that few of the
CBD’s 2020 goals have shown discernable progress may be attributable, in part, to a disconnect
between high-level policy and local activities. In fact, only a few nations have launched organized,
country-level monitoring programs that embody shared goals and establish clear lines of
communication between policymakers and local practitioners (e.g. national programs in New
Zealand (Lee et al. 2005) and Switzerland Biodiversity Monitoring Switzerland 2021; also see Moussy
et al. 2021). This disconnect works in both directions. Calls for data and the organization of large-
scale monitoring efforts from entities such as the CBD often do not reach the local communities and
organizations that might supply the data, so gaps remain (Mihoub et al. 2017). Meanwhile, local
parties, unaware of these calls from national and international agencies, may not spontaneously
contribute data from ongoing efforts, or if aware, they are unable to respond due to the limitations
of funding mandates or geographic boundaries (Johnson et al. 2017).

A plethora of organizations with local foci have made major contributions to the amount of
biodiversity data available through data-sharing networks. Much of this data was collected by local
volunteers working for self-organized groups attempting to answer questions of local interest
(Schmeller et al. 2009, Pocock et al. 2018, Kühn et al. 2008). While these groups can work in
collaboration with one another, they are more often operating on their own outside of a larger
national or international framework. Even with a national framework, however, there is no guarantee
that a top-down monitoring effort will provide the data or policy results that are needed (Kühl et al.
2020) without an active network that can link local and national interests and facilitate
communication between them.

One of GBIF’s most valuable assets is its global network of governments, institutions, and
organizations engaged through the efforts of individuals within them. The GBIF network is the social
system through which all data flow and the foundation upon which the success of its technical
infrastructure resides. This network provides three opportunities that may make biodiversity data
from GBIF more relevant to the post-2020 framework, the CBD and new biodiversity goals for 2030
and 2050.
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One of these opportunities is the ability to mobilize more data, especially monitoring and inventory
data at the local level. Historically, much of the biodiversity science community has been focused on
the mobilization of data within established legacy collections, such as those in museums,
laboratories and government agencies, which maintain data from the past to the present (Guralnick
et al. 2007). As more of these legacy collections have been mobilized, attention has shifted toward
monitoring and observation projects, including citizen science (e.g. NOAA’s Beach Watch; SANBI’s
Custodians of Rare and Endangered Wildflowers programme; Chandler et al. 2017) and to
biodiversity-focused NGOs (e.g. CERMES; NatureFiji-MareqetiViti). As pressure mounts to address
questions about the status and trends of biodiversity, it is these data from local sources focused on
the smaller-scale monitoring of national parks, waterways, and wildlands - data often collected by
indigenous peoples and local communities with local knowledge - that are of critical importance in
efforts to fill knowledge gaps and maintain on-going monitoring (Tengö et al. 2017, Hill et al. 2020,
Brook & McLachlan 2008, Geldmann et al. 2021).

GBIF is in a unique position to leverage the node-based structure of its network to encourage and
train these local agencies and individuals to share monitoring and survey data while applying the
best practices for data capture, quality and mobilization. In regions or countries in which a node has
not been established, localized institutional networks, nodes from within the same region or nodes
from countries with a history of support and involvement for the local effort could contribute. Efforts
of this sort have already begun via the BID and BIFA programmes, funded by the European Union
and the Government of Japan, respectively. Additional funding and other resources could support
and expand these efforts with the explicit purpose of mobilizing local biodiversity data and
knowledge. Enabling indigenous peoples and local communities to become active contributors to
biodiversity monitoring efforts through the CBD would certainly contribute to meeting the goals set
for 2030 and 2050.

Like indigenous peoples and local communities, the private sector is an important source of
biodiversity data. Currently, the majority of the data in the GBIF index come from non-profit and
government agencies, yet private entities hold a great wealth of biodiversity knowledge in the form
of environmental assessments, impact assessments, and other project-based analyses. GBIF has
begun to engage with the private sector directly through several initiatives, such as Data4Nature in
partnership with the Agence Française de Développment, and the publication of a guidance
document to help private companies become publishers through the GBIF network (Figueira et al.
2020). In addition, some national governments have begun to mandate private sector data
publication (e.g. Colombia) and financial institutions have created incentives for commercial entities
to share non-sensitive data with GBIF and other national and global repositories (Equator Principles
Association 2020). These developments may present natural opportunities for the GBIF network to
support the publication of these data, particularly in countries where a GBIF node exists. In countries
or regions without a Node, the GBIF network might provide regional support and private sector help
desk, may provide assistance.The CBD would benefit greatly, as would the development of EBVs and
indicators that rely on biodiversity data, from a partnership with GBIF and other organizations
working to engage the private sector. One key task of this partnership should be to continue to
delineate and promote strategies to build upon existing collaborations with the private sector to
bring their information holdings into the public sphere.

A second opportunity of equal importance is to mobilize the GBIF network to turn a historically one-
way communication pipeline into a more complete cycle. Currently, those organizations and
individuals that mobilize data into biodiversity data-sharing portals are hard-pressed to determine

19

https://doi.org/10.1111/j.1461-0248.2007.01063.x
https://doi.org/10.1111/j.1461-0248.2007.01063.x
https://farallones.noaa.gov/science/beachwatch
https://bit.ly/3pcBAEO
https://doi.org/10.1016/j.biocon.2016.09.004
https://cavehill.uwi.edu/cermes
https://naturefiji.org/
https://doi.org/10.1016/j.cosust.2016.12.005
https://doi.org/10.1016/j.cosust.2019.12.006
https://doi.org/10.1007/s10531-008-9445-x
https://doi.org/10.1111/conl.12792
https://www.gbif.org/data4nature
https://www.afd.fr/en
https://doi.org/10.35035/doc-b8hq-me03
https://doi.org/10.35035/doc-b8hq-me03
https://equator-principles.com/wp-content/uploads/2021/02/The-Equator-Principles-July-2020.pdf
https://equator-principles.com/wp-content/uploads/2021/02/The-Equator-Principles-July-2020.pdf


when and how their data are being used by researchers, educators and policymakers. Data and
communications about these data, tend to flow in one direction, from local data collection and
mobilization to scientists and policymakers, with little to no communication in the opposite direction.
GBIF and other biodiversity data platforms have made commendable efforts to track downloads of
data and to report the citations of published works back to data publishers when they are made
public (see GBIF citation guidelines and the #CitetheDOI campaign on Twitter and other social
media). GBIF is in the uncommon position to be able to continue to build trust across the network by
communicating back to organizations and individuals at the local level about the uses of data. These
communications could occur in many ways, including notifications that alert data publishers when
their data have been used in the creation of EBVs, biodiversity indicators and other high-level policy
documents, using tools similar to the GBIF citation widget. Another effective communication
strategy could be the presentation of specific examples that demonstrate how high-quality data and
associated metadata are really being used to influence science and policy as a part of capacity-
building activities and other public events. These possibilities will remain only possibilities, however,
if the network does not work toward greater transparency.

The third opportunity for the GBIF network is to mobilize the community to work toward greater
transparency and traceability across the entire information supply chain. The creation of EBVs and
biodiversity indicators is a complex process. As reported in the Results section, it is not uncommon
for the processes and analyses used to generate these data and policy products to remain
undocumented or hidden from public view view. Similarly it is equally difficult to know exactly which
data were used in the processes and how. Over the last several years, calls have been made to
address this lack of transparency (Navarro et al. 2017, Hardisty et al. 2019, [Fernandez et al. in
review^] REF?). Each of these calls recognizes that the processes employed and the products
produced demand treatments similar to the peer-review process used in academic journals,
providing clear documentation, access to primary data and tools for analysis in the short- and long-
term. A GBIF partnership with GEO BON, a leader in the facilitation of EBV generation, could be
conceived with two key goals:

1. to promote the use of existing guidelines for citation and acknowledgement

2. to improve existing documentation or develop new best practices to accommodate new types
and sources of data

Guidelines and best practices that follow FAIR principles and promote the full traceability of EBVs
could go a long way toward the realization of the first two opportunities for GBIF network described
above. Any partnerships and collaborations should reinforce the GBIF data users agreement by
which all data users are required to “…publicly acknowledge, following the scientific convention of
citing sources in conjunction with the use of the data, the Data Publishers whose biodiversity data
they have used, where appropriate through use of a Digital Object Identifier (DOI) applying to the
dataset(s) and/or data downloads.”

Many individuals in the GBIF network are engaged in the processes of EBV and indicator generation,
as well as in those of data acquisition and mobilization. They are likely to be sympathetic to the
needs of both groups. With this level of understanding, these individuals should become a key link in
promoting mutually beneficial working arrangements between data publishers and EBV and
indicator creators. Seizing this opportunity would help both to provide high-quality EBV-useable data
and to foster open communication and transparent documentation. If GBIF can take advantage of its
relationships with these individuals and groups, the entire community of people in the information
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supply chain would profit. Benefits would include receiving recognition for data mobilization efforts
and data products created; and an increase in the data traceability, which can improve the
reproducibility and transparency of the science. Greater community engagement of this kind would
build trust and encourage even greater levels of communication between the policy and research
communities.

Data and data products should be assigned persistent identifiers to encourage increased
recognition. Currently, GBIF assigns a DOI for every download performed, along with associated
information that describes the full query used, including the date and time, number of records, the
datasets that contributed to the download, Creative Commons designations and other terms of use
and the EML metadata. These data about the query are archived by GBIF indefinitely, but actual
downloads are maintained only for a six month period, although data users can request that specific
downloads be archived indefinitely. For data sources other than large biodiversity data platforms,
identifiers are often missing. In the past, the responsibility to archive or maintain the primary
datasets used to create EBVs has fallen upon the organizations in charge of building them. This
makes it easy for recognition of GBIF and other data providers to be passed over. Further, it adds to
the issues of transparency that make it difficult to replicate the analyses completed for a given
indicator because the datasets are no longer available. To remedy this, better communication should
be fostered between GBIF, the CBD, BIP, IPBES, GEO BON and other collaborators that promote,
build and use indicators, so that archiving of datasets used is secured. GBIF’s experience archiving
datasets searches and their recent efforts to provide access to monthly snapshots of the GBIF corpus
and derived datasets, available via cloud services, may increase GBIF’s visibility in the CBD and
further establish them as an important partner. Ideally, there could be some shared responsibility
for these archives that would ensure availability of the data from different access points. Ultimately,
a searchable archive of DOIs and associated datasets linked to EBVs and indicators may improve
transparency, aid in the reproducibility of the scientific process and improve opportunities for
comparisons of data or baselines over time.

5. Conclusions
This research has identified four main challenges to the use of primary biodiversity data in the
development of EBVs and indicators (described in the Results section), each of which will be critical to
the success of the post-2020 global biodiversity framework:

1. Transparency is a critical issue at every stage in the information supply chain. Currently
specialized knowledge is required to understand how data flow from data publishers through the
processes used to create EBVs and biodiversity indicators.

2. Data sources used in the creation of EBVs and biodiversity indicators are diverse, usually
including biodiversity data platforms, with little data coming from the private sector to date. Data
sources are generally available for free, although much data is available behind paywalls (e.g.
journal access).

3. The pathway from primary biodiversity data to indicator is complicated, the information supply
chain is not linear.

4. Data duplication and circular usage is common, yet data traceability from the providers of
primary biodiversity data to their use in EBVs and indicators is challenging.
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Several actions could help to overcome these challenges:

• An opportunity exists for GBIF to partner with GEO BON and other intergovernmental agencies
and NGOs to facilitate further community-wide discussion and continue efforts to identify the key
data and data preparations needed to support EBVs, biodiversity indicators, and other related
research and policy-focused products. While one-off meetings have occurred in the space, a
more persistent working group approach would be more effective. GEO BON has a Data Task
Force, but that group has a broad remit and the suggested working group or task force is
narrower in application. The new working group might include stakeholders from the scientific
and policy communities, as well as a broad spectrum of participants from local-level
organizations. This initiative should focus on a series of community consultations hosted by GBIF
and GEO BON, with the support of the alliance for biodiversity knowledge, and facilitated by the
new working group with a focus on identifying the types of data and metadata needed, the data
gaps to fill, and the stakeholders most able to address these needs. Documenting the results of
these consultations and a draft set of mobilization goals for community review could refocus
existing data collection and mobilization initiatives or guide new ones.

• A second opportunity for a GBIF-GEO BON partnership, along with the TDWG community, is the
preparation of a set of guidelines in two specific areas:

◦ Best practices that support the data collection and mobilization activities identified in the
community consultations as described above. These practices would clarify the most effective
methods to collect, document, validate, and mobilize data needed for EBV and indicator
generation. This process should include individuals and organizations actively engaged in the
process of data collection and curation, especially those individuals well-positioned to
communicate and promote the use of these best practices in the field.

◦ Best practices for building greater transparency and recognition into the processes used to
generate EBVs and biodiversity indicators, with a focus on establishing and implementing
consistent methods. Community participants should include those individuals and groups
responsible for the development of harmonized data products, EBVs and indicators.
Additional participants should include members of the data curation community and clearly
articulate the importance of transparency and attribution for members of the FAIR data
community.

• Data from organized and well-documented monitoring and inventory events are critical for many
EBVs and other analyses of trends over space and time. Biodiversity data platforms, such as GBIF,
should join ongoing conversations focused on community monitoring activities because of the
strong alignment of those models with existing GBIF publishing efforts. A recent paper by Kühl et
al. (2020) calls for a model that focuses on opportunistic and semi-structured observations,
mapping and strategic long-term data collection at single sites for increased spatiotemporal
coverage, all managed by heterogeneous partners that can work together to align their priorities
and goals. Another approach could identify new and existing sources of these types of data and
to help the community to build capacity to provide those data with high-quality metadata,
perhaps using the best practices established by the partnerships described above.

• In conjunction with efforts to mobilize more monitoring data, biodiversity data platforms might
provide a series of curated datasets that contain both monitoring and ad hoc species occurrence
data that meet a particular standard of quality and fitness for use. This standard could be
determined by individual platforms or by the best practices for data collection and mobilization
detailed above. These datasets might focus on national and regional scales and should be
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archived by one or more organizations publicly (e.g. GEO BON, GBIF). Each dataset should have a
DOI assigned and be accompanied by a complete list of credits and attributions.

• As engagement increases between members of the community to establish best practices, new
data products and expanded community discussion, it is critical to include indigenous peoples
and local communities to facilitate mutually beneficial connections with researchers and
policymakers, as highlighted by the UNESCO Recommendation on Open Science (UNESCO 2021).
This can take the form of invitations to participate in the consultations described above, but
engagement is likely to be limited at best. Instead, an organized effort to engage local and
indegenous communities could begin within larger networks, such as GBIF’s global network in
partnership with organizations with greater experience working with indigenous communities
(e.g. CBD,United Nations) framed by the CARE principles. GBIF can play an important role in the
adoption of these principles within data workflows and how to highlight mechanisms that
support the implementation through its global network. Members of the network who possess
knowledge of specific local communities could be enlisted to serve as a conduit between those
local individuals and groups and the greater data-sharing community. An individual with local
knowledge and ties to the local community in a given country might be identified within the GBIF
network. That person could then be supported, financially or through a formal designation, to act
on behalf of the broad community to engage with those local groups to begin a conversation
about the knowledge possessed within the community and what they would be willing to share.
In support of that sharing, the deputy may also learn about the needs of the community and
work to establish partnerships with the research and data mobilization communities to build
capacity building and provide training necessary to meet local needs.

• The private sector is a source of an exceptional amount of biodiversity data from ad hoc
observations and long-term monitoring that is largely unavailable for research and policymaking
currently. Some biodiversity data platforms are actively engaging this community to bring their
data into open data portals (e.g. GBIF through partnerships such as Data4Nature; UNEP-WCMC
Proteus Partnership). As a part of these efforts, GBIF and others should continue to encourage
their integration into the larger community conversation, the use of best practices in data
collection, and participation in growing initiatives such as the Equator Principles.

• A final action item is the development of a credit and attribution model created by biodiversity
data platforms, mobilizers, data users (including organizations such as GEO BON and the CBD
that facilitate EBV and indicator creation) and academic journals and other publishers. This
collaborative effort should build upon the efforts of groups that have made advances in
attribution through the continued use of DOIs and other credit-focused strategies. The growing
community of practice focused on data citations includes initiatives such as #CiteTheDOI
promoted by GBIF, COPDESS, Make Data Count and a body of literature in support of giving
credit where credit is due (Data Citation Synthesis Group 2014, McNutt et al. 2016, Vannan et al.
2020). Journal publishers may hold the greatest leverage to incentivize transparency and
recognition, but they will need to be guided by other groups within the community to implement
new practices.

Appendix A: Example
An AsciiDoc appendix is just a document section with a 'specialsection' title.

Place non-essential information that supports your analysis, validates your conclusions or pursues a
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related point in an appendix. Examples could include:

• figures/tables/charts/graphs of results

• statistics

• questionnaires

• transcripts of interviews

• survey results

• maps

• software installation instructions
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