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M Check for updates

The rate and extent of global biodiversity
changeis surpassing our ability to measure,
monitor and forecast trends. We propose
aninterconnected worldwide system of
observation networks — a global biodiversity
observing system (GBiOS) — to coordinate
monitoring worldwide and inform action to
reach international biodiversity targets.

The Kunming-Montreal Global Biodiversity Framework (KM-GBF) pro-
vides a vision for living in harmony with nature that will have lasting
benefits for humanity'. Attaining this vision will require ambitious and
rapid action to address the drivers of biodiversity loss and improve
conservation action to avoid the great social and economic costs of
ecosystem degradation?. This will require understanding where, why
and how fast biodiversity is changing — something we have limited
knowledge of today for much of the planet.

An essential part of the KM-GBF is its monitoring framework (as
outlined in COP decision 15/5), which includes a set of indicators that
will be used by nations to monitor and report their progress toward
the framework’s targets and goals. The indicators track actions and
policies thatimplement the framework (such as the establishment of
protected areas) and those that reduce the drivers of biodiversity loss
(forexample, pollution abatement). Theindicators rely on monitoring

tomeasure the outcomes for nature and people over time (for example,
measures of ecosystem-service provisioning) and the risks of losing
the benefits that we get from nature. Aggregation of the indicators
at the national level can provide insight into progress at regional and
globallevels.

Disparities among nations in the access and use of biodiversity
observations and knowledge® means that the global community is
not adequately equipped to meet the information requirements of
the monitoring framework: to monitor the drivers of biodiversity loss
and track species and ecosystem recovery and restoration, as well as
assess the risks of losing the many benefits that we get from nature.

To address this gap, we —as members of the Group on Earth Obser-
vations Biodiversity Observation Network (GEO BON) and its part-
ner institutions — propose the establishment of a global biodiversity
observing system (GBiOS) toinitially interlink existing capacities and
organizations to monitor how, where and why biodiversity is chang-
ing*®, and to progressively grow to guide the action needed to realize
the targets and goals of the KM-GBF?.

Biodiversity observations at the science-policy interface

To achieve the goals of the KM-GBF, we have identified four key com-
ponents to bridge science and policy: (1) biodiversity observations
guided by policy needs; (2) observations coordinated to form moni-
toring programmes designed to rapidly detect change and attribute
causes for biodiversity change®; (3) observations thatinform models to
project biodiversity change and theloss of ecological and evolutionary
resilience’; and (4) frequent assessments derived from monitoring to
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provide policy optionsto guide action®. Currently, the international bio-
diversity science-policy interface lacks all four of these components,
and so the delivery of policy-relevant knowledge about biodiversity
change is slow relative to the timeline set out by the KM-GBF.

The weather forecasting and climate assessment communities
have had all these components that provision scientific knowledge to
policyaction for several decades. Thisincludes daily weather forecast-
ing, the Intergovernmental Panel on Climate Change (IPCC) created by
the World Meteorological Organization (WMO) for scientific climate
assessments, and the Global Observing System (GOS) to organize the
international and interagency long-term strategies for operational
collection of climate-relevant observations at multiple scales.

In2012, the nations of the world established the Intergovernmen-
tal Science-Policy Platform on Biodiversity and Ecosystem Services
(IPBES) —amechanism to strengthen the foundations of knowledge
for policy setting through scientific assessments®, However, a system
such as a GBiOS to complement IPBES, as GOS does for the IPCC,
does not exist.

Emulating the Global Climate Observing System
We see a GBiOS as resembling the model of the WMO'’s Integrated Global
Observation System (WIGOS), which integrates observations made
by the national climate networks of the GOS, and the Global Climate
Observing System (GCOS), which maintains definitions of essential
climate variables that are required to systematically assess the status
and trends of global climate. These systems were established to sup-
port the United Nations Framework Convention on Climate Change
(UNFCCC)’s Paris Climate Agreement; they are aremarkable example
of international collaboration and enable billions of observations to
be made and exchanged every day. The WIGOS is not a single, centrally
managed observing system. Rather, it is a composite and federated
‘system of systems’ thatis linked via aset of climate-relevant observing,
data-management and distribution systems and information services.
A GBiOS would provide a similar service for biodiversity by con-
necting existing data repositories and networks for observations of
biodiversity andits drivers. National biodiversity observation networks
(BONSs) (Box 1) will be key units that make up a GBiOS, just as national
weather agencies and climate observing networks are key units in
the WIGOS. As with WIGOS, a GBiOS would ensure that biodiversity
observations — along with data on drivers of biodiversity change —
are updated frequently and available in standardized, interoperable,
accurate and representative forms. The system would abide by FAIR
(findable, accessible, interoperable and reusable) and CARE (collective
benefit, authority to control, responsibility and ethics) data principles’®,
andensure that Indigenous peoples and local communities can exercise
free, priorinformed consent for data access.

Five critical issues that a GBiOS can address
A GBIiOS can address five critical issues to support the monitoring
framework and actions needed to meet the targets of the KM-GBF (as
also discussed by the Expert Workshop on the Monitoring Framework
for the Post-2020 Global Biodiversity Framework):

1. Gaps, biases, and standards in biodiversity data. A GBiOS would
focus on addressing the gaps in the taxonomic and geographical
coverage of biodiversity monitoring, both by mobilizing existing
data and by creating consistent approaches for monitoring go-
ing forward. Data repositories such as the Global Biodiversity In-
formation Facility (GBIF) and the Ocean Biodiversity Information
System (OBIS) and databases such as BioTime' and PREDICTS"

BOX1
What is a BON?

A BON is a network of observation sites or stations and a network

of groups who produce and use biodiversity data across these

sites for different needs. A BON coordinates observations and
monitoring to support policy and environmental legislation
prompting conservation action from national biodiversity strategies
and action plans. Guidelines for network establishment are publicly
available and describe how to create an ‘enabling environment’
that assembles the partnerships, human capacity and scientific
infrastructure needed to build a BON.

A BON can be national, subnational or regional in its level
of operation and can cover different biomes (for example,
marine or freshwater) and dimensions of biodiversity (such as
genetics, species and ecosystems) to fill specific knowledge gaps
(Supplementary Table 1). These needs have been recognized by
the formation of marine, freshwater, soil and omic BONs. GEO BON
has developed an essential biodiversity and ecosystem variables
framework as a rigorous and transparent basis for monitoring
trends in different facets of biodiversity across BONs™'*?°, EBV data
layers are available from the EBV Data Portal. GEO BON also offers
‘BON-in-a-Box’, a knowledge platform that facilitates BON design
and implementation.

Some regional networks already exist that represent
collaborations among national BONs. These include the Asia Pacific
BON and the European network (EuropaBON). A GBiOS can be
assembled as a network of national and regional networks”.

are the basis for progress but are not representative in their
taxonomic and geographical coverage of the Earth’s biodiver-
sity (Supplementary Fig. 1). For example, occurrence records
in GBIF and the OBIS cover less than 7% of the world’s surface at
5-km resolution, and less than 1% for most taxa at higher resolu-
tions and remain insufficient for informing about species status
and trends' (Supplementary Fig. 1). These major data gaps were
highlighted in the appendix 4 of the Summary for Policymakers
of the IPBES Global Assessment of Biodiversity and Ecosystem
Services. A GBiOS would contribute to these databases and ser-
vices by formally linking them to monitoring worldwide.

2. Information for indicators. A GBiOS would provide data and

information needed to assess progress towards KM-GBF’s goal
A and goal B on halting extinctions and sustainably managing
biodiversity and ecosystem benefits, respectively. Biodiversity
observations compiled by a GBiOS can be used to estimate es-
sential biodiversity variables (EBVs)"*"* and essential ecosystem
service variables (EESV)”. These essential variables underpin
many of the indicators for goals A and B and many of the associ-
ated targets (for example, targets 2, 3, 4, 6, 11, 12, 19.2 and 20).
The common use of EBVs and EESVs enables a harmonization of
datasets collected by different governmental and nongovern-
mental organizations acrossaBON so that they can be compared
and combined for different purposes, including the calculation
of indicators, models of biodiversity change and assessment
tools such as ecosystem accounts under the UN System of Envi-
ronmental Economic Accounting (UN SEEA).
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Fig.1| A GBiOS as aglobal network of interconnected national and regional
BONs to assess biodiversity trends worldwide. a, Countries without a national
BON can establish and implement one following the multistep process identified
by GEO BON". b, Each national BON (Colombia is shown as an example) follows
harmonized methods and coordinated activities for biodiversity observations,
data curation and sharing, trend detection and attribution, modelling, and
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policy-decision support that forms a BON service. ¢, In the proposed GBiOS,
national and regional BONs (circles) form an international network that

shares technologies, data (for example, via a Global Open Science Cloud)

and information about biodiversity trends (EBVs and EESVs) and ecological
events, and in so doing enables the global community to make rapid multiscale
assessments of progress towards international biodiversity targets and goals.

3. Understand biodiversity change across scales. The actions
needed to achieve the targets of the KM-GBF can be supported
by monitoring the drivers for trend attribution and forecasting
change over different scales®. Some drivers may be observed di-
rectly with biodiversity observations (such as invasive species
occurrence and impact) but information about other drivers
(such as climate, pollution and land use change) will require co-
ordination with other observation networks to understand and
project how drivers interact to cause biodiversity change.

Capacity and technologies. A GBiOS can be used to assess where
data gaps exist and guide the strategic implementation of moni-
toring technologies for observation (for example, site-based
observations and remote sensing), rapid classification, data
assimilation for causal inference, and prediction to support ac-
tion®”. New data and monitoring standards that enable rapid
updates of EBVs and EESVs would be available to national and
subnational governments. This gap-filling process could sup-
port target 20 of the KM-GBF prompting strategic investment in
capacity-building, regional biodiversity observing technologies,
datacollection and curation services, and international coopera-
tion (south-south, north-south and triangular cooperation) to
share tools and knowledge for areas that need them most.

Engagement across all sectors and knowledge systems. The task
of building and maintaining a GBiOS is by design broadly collab-
orative, engaging national, subnational and local governments
and Indigenous peoples and local communities, academic re-
searchers, curators of biological collections, nongovernmental

organizations, businesses and the financial sector. Broad en-
gagement can foster the mainstreaming of biodiversity infor-
mation into decisions across all sectors of society’. Each sector
has specific needs for biodiversity observations so the design
and implementation of a GBiOS should reflect the broad range
of uses and decisions it will support and provide consistent and
standardized time-series data with baselines and reference con-
ditions across ecosystems.

Afederated network of BONs

Over the past decade, GEO BON has supported and endorsed the
establishment of BONs that are designed to help national and sub-
national governments to monitor biodiversity (Fig. 1). As a growing
international network of about 2,600 members who span 141 coun-
tries, GEO BON would convene the expertise needed to inform and
support the establishment of a GBiOS. Further, GEO BON has been
endorsed by Parties to the Convention on Biological Diversity — most
recently through an invitation to support the operationalization of
the monitoring framework of the KM-GBF (as described in CBD COP
decision15/5).

A GBiOS would assemble anintercommunicating system of BONs
and other monitoring programmes*. Inafirst phase, a GBiOS could be
established immediately as a globally coordinated network of BONs
(Fig. 1); this first phase would develop a collective assessment of our
current capacity to observe biodiversity and ecosystem trends, with
the needs to improve it including human capacity and technologies
for observations and data sharing and analysis”.

nature ecology & evolution

Volume 7 | December 2023 | 1947-1952 | 1949



Comment

BONSs can be designed to support national biodiversity strategies
and action plans to guide action by parties under the KM-GBF. BONs
support long-term research sites and stations conducting observa-
tions from the ground, air, water or space’®". BON development may
involveinvestmentin additional monitoring capacity at new and exist-
ing sites to reduce datagaps. The addition of new sites tothe BON can
reduce uncertainty in trend detection and improve understanding
of biodiversity change locally and nationally, as well as contribute
information for regional and global assessments. Other sites may be
chosen to acquire the information to improve models for forecasts
projecting future changes in biodiversity’. Research centres working
with BONs will provide services for supporting the use and sharing of
data, trend assessments, and predictive modelling to guide decisions
for conservation and spatial planning.

Next steps

Several next steps are needed to establish the governance model, fund-
ing, the deployment of technologies and other resource needs, and
investmentin careers to support GBiOS activities in the long term.

Co-sponsorship and governance. A proposal for a governance
model should be elaborated, along with identification of the partner
organizations — from both the public and private sectors — that can
co-sponsor a GBiOS. One option is to follow the solution taken by the
GCOS, whichis co-sponsored by several intergovernmental organiza-
tions: the WMO, the Intergovernmental Oceanographic Commission of
the United Nations Educational, Scientific and Cultural Organization,
the United Nations Environment Programme and the International
Science Council.

Assessment of resource needs and added value. At this point,
an assessment of the technical and financial investment is needed.
This includes the necessary technologies and data infrastructure
(including existing large repositories such as GBIF, OBIS and Gen-
Bank) needed to support long-term monitoring and make the data
available in asecure manner; mechanisms for governance and financ-
ing; and the existing national and regional BON components that can
beintegrated to form the first phase of the GBiOS implementation.
This assessment would include the knowledge and capacity needs,
and the economic costs and benefits (return on investment) that
may arise fromaninitial investmentin a GBiOS, followed by alterna-
tive pathways for progressive development of its capacity by 2030
and beyond.

Funding a GBiOS for the long term. A long-term funding model
could help to support nations with the establishment of their BONSs,
to conduct standardized biodiversity monitoring and publish data
into national and international data repositories (for example, GBIF
and OBIS) within weeks to months. An integrated system of observa-
tions for biodiversity will connect to observing systems for climate and
other humandrivers and pressures. One way to fund a GBiOS would be
through a UN coalition fund, similar to the Systematic Observations
Financing Facility (SOFF) for GCOS. Data from the GBiOS would support
ecosystemaccounts under the UN SEEA ecosystem accounting frame-
work and guide investments to create local social and economic ben-
efits for the global public good. Global data production and exchange
could be animportant measure of success, along with use by the private
sector for financial disclosures and impact assessments. A SOFF for
the GBiOS could contribute to strengthening societal adaptation and

resilience across the globe, benefitting the most vulnerable peoples
and countries.

A GBiOS would be a missing piece of the science-policy puzzle
needed to support the realization of the KM-GBF, the Sustainable
Development Goals and other multilateral environmental agreements
and protocols. The global community isincreasingly aware of the great
benefits that society receives from biologically diverse and resilient
ecosystems. A GBiOS could contribute to arepresentative and inclusive
understanding of biodiversity change and thereby support effective
implementation of policies that are designed to reverse biodiversity
loss and achieve the global goals for nature in the coming decades.

Andrew Gonzalez® '\, Petteri Vihervaara®?,

Patricia Balvanera®?3 Amanda E. Bates®, Elisa Bayraktarov®,

Peter J. Bellingham ® ¢, Andreas Bruder ®7, Jillian Campbell?,
Michael D. Catchen®’, Jeannine Cavender-Bares®°®,

Jonathan Chase ® ", Nicholas Coops ®'2, Mark J. Costello® ™,
Balint Cziicz", Aurélie Delavaud™, Maria Dornelas ® %7,

Grégoire Dubois ® 8, Emmett J. Duffy ®*°, Hilde Eggermont?,
Miguel Fernandez”??, Nestor Fernandez'®", Simon Ferrier®,

Gary N. Geller ® %, Michael Gill® %%, Dominique Gravel ® %,

Carlos A. Guerra®'°7, Robert Guralnick?®, Michael Harfoot?,

Tim Hirsch®, Sean Hoban® ¥, Alice C. Hughes ® %2, Wim Hugo®,
Margaret E. Hunter ® *, Forest Isbell ® °, Walter Jetz® %,

Norbert Juergens ® %%, W. Daniel Kissling® ¥, Cornelia B. Krug®,
Peter Kullberg®, Yvan Le Bras*, Brian Leung®’,

Maria Cecilia Londofio-Murcia®*, Jean-Michel Lord ® %,

Michel Loreau®®, Amy Luers*, Keping Ma® *5,

Anna J. MacDonald ® *°, Joachim Maes*’, Melodie McGeoch ® *,
Jean Baptiste Mihoub*’, Katie L. Millette ® *2, Zsolt Molnar®®,
Enrique Montes®2, Akira S. Mori® %, Frank E. Muller-Karger ® >,
Hiroyuki Muraoka®®°%, Masahiro Nakaoka®, Laetitia Navarro ® %,
Tim Newbold ® %, Aidin Niamir ® ¢°, David Obura®¥®',

Mary O’Connor®?, Marc Paganini®, Dominique Pelletier®®,
Henrique Pereira®'°%, Timothée Poisot®, Laura J. Pollock®",
Andy Purvis ® ¢’%8, Adriana Radulovici*?, Duccio Rocchini® %,
Claudia Roeoesli’®, Michael Schaepman,

Gabriela Schaepman-Strub® 7, Dirk S. Schmeller ® 72,

Ute Schmiedel ® %, Fabian D. Schneider?*, Mangal Man Shakya™,
Andrew Skidmore ®7*, Andrew L. Skowno’>®, Yayioi Takeuchi®®,
Mao-Ning Tuanmu® 7, Eren Turak ® 8, Woody Turner™,

Mark C. Urban ® #°, Nicolas Urbina-Cardona®?',

Ruben Valbuena ® #2, Anton Van de Putte®*#*, Basile van Havre ® %,
Vladimir Ruslan Wingate®, Elaine Wright ®*’ &

Carlos Zambrana Torrelio®®

'Department of Biology, Group on Earth Observations Biodiversity
Observation Network, McGill University, Montreal, Quebec, Canada.
2Finnish Environment Institute, Helsinki, Finland. ®Instituto de
Investigaciones en Ecosistemas y Sustentabilidad (IIES), Universidad
Nacional Auténoma de México, Morelia, Mexico. “Biology Department,
University of Victoria, Victoria, British Columbia, Canada.
*EcoCommons Australia, Research, Specialised and Data Foundations,
Griffith University, Nathan, Queensland, Australia. ®Manaaki

Whenua - Landcare Research, Lincoln, New Zealand. “Institute of
Microbiology, University of Applied Sciences and Arts of Southern
Switzerland, Mendrisio, Switzerland. 8Secretariat of the Convention on
Biological Diversity, Montreal, Quebec, Canada. °Department of
Ecology, Evolution and Behavior, University of Minnesota, Saint Paul,
MN, USA. °®German Centre for Integrative Biodiversity Research (iDiv)

nature ecology & evolution

Volume 7 | December 2023 | 1947-1952 | 1950



Comment

Halle-Jena-Leipzig, Halle, Germany. "Department of Computer
Sciences, Martin Luther University Halle-Wittenberg, Halle, Germany.
“University of British Columbia, Vancouver, British Columbia, Canada.
BFaculty of Biosciences and Aquaculture, Nord Universitet, Bodg,
Norway. “Norwegian Institute for Nature Research (NINA), Trondheim,
Norway. ®Fondation for Research on Biodiversity (FRB), Paris, France.
'®Centre for Biological Diversity, University of St Andrews, St Andrews,
UK. "Guia Marine Lab, MARE, Faculdade de Ciéncias da Universidade
de Lisboa, Cascais, Portugal. ®Knowledge Centre for Biodiversity, Joint
Research Centre of the European Commission, Ispra, Italy.
“Tennenbaum Marine Observatories Network and MarineGEO
program, Smithsonian Environmental Research Center, Edgewater,
MD, USA. *°Belgian Science Policy Office, Belgian Biodiversity
Platform/Biodiversa+, Brussels, Belgium. *’German Centre for
Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Leipzig,
Germany. 2Environmental Science and Policy, George Mason
University, Fairfax, VA, USA. 22CSIRO Environment, Canberra,
Australian Capital Territory, Australia. 22NASA Jet Propulsion
Laboratory, California Institute of Technology, Pasadena, CA, USA.
BNatureServe, Arlington, VA, USA. ®Département de biologie,
Université de Sherbrooke, Sherbrooke, Quebec, Canada. “Department
of Biology, University of Leipzig, Leipzig, Germany. 2Department of
Natural History, Florida Museum of Natural History, University of
Florida, Gainesville, FL, USA. ?*Vizzuality, Madrid, Spain. **Global
Biodiversity Information Facility, Copenhagen, Denmark. *'The Center
for Tree Science, The Morton Arboretum, Lisle, IL, USA. **School of
Biological Sciences, University of Hong Kong, Hong Kong, China.
33paarl, South Africa. **US Geological Survey, Wetland & Aquatic
Research Center, Sirenia Project, Gainesville, FL, USA. **Department of
Ecology and Evolutionary Biology, Center for Biodiversity and Global
Change, Yale University, New Haven, CT, USA. *Institute of Plant
Science and Microbiology, University of Hamburg, Hamburg,
Germany. ¥Institute for Biodiversity and Ecosystem Dynamics (IBED),
University of Amsterdam, Amsterdam, The Netherlands.
38pioDISCOVERY, Department of Evolutionary Biology and
Environmental Studies, University of Zurich, Zurich, Switzerland.
3%Finnish Environment Institute (SYKE), Nature Solutions Unit, Helsinki,
Finland. “°Péle national de données de biodiversité, PatriNat, Muséum
National d'Histoire Naturelle, Station Marine de Concarneau,
Concarneau, France. *'Alexander von Humboldt Biological Resources
Research Institute, Bogota, Colombia. “*The Group on Earth
Observations Biodiversity Observation Network (GEO BON),
Department of Biology, McGill University, Montreal, Quebec, Canada.
“Theoretical and Experimental Ecology Station, CNRS, Moulis, France.
“Microsoft, Redmond, WA, USA. ®Institute of Botany, Chinese
Academy of Sciences, Beijing, China. “®Australian Antarctic Division,
Department of Climate Change, Energy, the Environment and Water,
Kingston, Tasmania, Australia. “’European Commission, Brussels,
Belgium. “®Securing Antarctica’s Environmental Future, Department of
Environment and Genetics, La Trobe University, Melbourne, Victoria,
Australia. “*Centre d’Ecologie et des Sciences de la Conservation
(CESCO), Muséum National d’Histoire Naturelle, Sorbonne Université,
Centre National de la Recherche Scientifique, CP 135, Paris, France.
50Centre for Ecological Research, Institute of Ecology and Botany,
Vacratdt, Hungary. S'Cooperative Institute for Marine and Atmospheric
Studies, Rosenstiel School of Marine, Atmospheric, and Earth Science,
University of Miami, Miami, Florida, USA. %?Ocean Chemistry and
Ecosystems Division, Atlantic Oceanographic and Meteorological
Laboratory, National Oceanic and Atmospheric Administration, Miami,

Florida, USA. %®Research Center for Advanced Science and
Technology, University of Tokyo, Tokyo, Japan. **College of Marine
Science, University of South Florida, St Petersburg, FL, USA. **River
Basin Research Center, Gifu University, Gifu, Japan. **Biodiversity
Division, National Institute for Environmental Studies, Tsukuba, Japan.
% Akkeshi Marine Station, Field Science Center for Northern Biosphere,
Hokkaido University, Hokkaido, Japan. *®Estacion Biologica de Dofiana
(EBD-CSIC), Sevilla, Spain. **Centre for Biodiversity and Environment
Research, University College London, London, UK. ®°Senckenberg
Biodiversity and Climate Research Institute, Frankfurt, Germany.
S'CORDIO East Africa, Mombasa, Kenya. ®?Biodiversity Research Centre
and Department of Zoology, University of British Columbia, Vancouver,
British Columbia, Canada. ®*ESRIN Largo Galileo Galilei, Frascati, Italy.
54French Institute for the Exploitation of the Sea (Ifremer), Lorient,
France. ®Institute of Biology, Martin Luther University
Halle-Wittenberg, Halle (Saale), Germany. *®Département de Sciences
Biologiques, Université de Montréal, Montreal, Quebec, Canada.
“Department of Life Sciences, Natural History Museum, London, UK.
%Department of Life Sciences, Imperial College London, Ascot, UK.
%Department of Biological, Geological, and Environmental Science,
Universita di Bologna, Bologna, Italy. °Remote Sensing Laboratories,
Department of Geography, University of Zurich, Zurich, Switzerland.
"Department of Evolutionary Biology and Environmental Studies,
University of Zurich, Zurich, Switzerland. “Laboratoire écologie
fonctionnelle et environnement, Université de Toulouse, INPT, UPS,
CNRS, Toulouse, France. *Wildlife Watch Group, Kathmandu, Nepal.
"Faculty of Geo-Information Science and Earth Observation (ITC),
University of Twente, Enschede, The Netherlands. *South African
National Biodiversity Institute, Kirstenbosch National Botanical
Gardens, Cape Town, South Africa. "*Department of Biological
Sciences, University of Cape Town, Cape Town, South Africa.
"Thematic Center for Systematics and Biodiversity Informatics,
Biodiversity Research Center, Academia Sinica, Taipei, Taiwan. °NSW
Department of Environment and Planning, Parramatta, New South
Wales, Australia. °Earth Science Division, NASA Headquarters,
Washington, DC, USA. ®Center of Biological Risk and Department of
Ecology and Evolutionary Biology, University of Connecticut, Storrs,
CT, USA. ®Facultad de Estudios Ambientales y Rurales, Departamento
de Ecologia y Territorio, Pontificia Universidad Javeriana, Bogota,
Colombia. #2Division of Remote Sensing of Forests, Department of
Forest Resource Management, Swedish University of Agricultural
Sciences (SLU), Umed, Sweden. #Royal Belgian Institute for
Naturalsciences, Brussels, Belgium. #Université Libre de Bruxelles,
Brussels, Belgium. ®Environment and Climate Change Canada,
Gatineau, Quebec, Canada. ®Institute of Geography, University of
Bern, Bern, Switzerland. ¥NZ Department of Conservation,
Christchurch, New Zealand. ®Department of Environmental Science
and Policy, George Mason University, Fairfax, VA, USA.

e-mail: andrew.gonzalez@mcgill.ca

Published online: 24 August 2023

References

1. Obura, D. et al. One Earth 6, 105-117 (2023).

2. Leadley, P. et al. One Earth 5, 597-603 (2022).

3. Gonzalez, A. & Londofio, M. C. Science 378, 1147 (2022).

4. Scholes, R. J. et al. Curr. Opin. Environ. Sustain. 4,139-146 (2012).

5. Pereira, H. M. & David Cooper, H. Trends Ecol. Evol. 21,123-129 (2006).

6. Gonzalez, A., Chase, J. M. & O’'Connor, M. I. Phil. Trans. R. Soc. Lond. B 378,

20220182 (2023).
7. Urban, M. C. et al. Science 353, aad8466 (2016).

nature ecology & evolution

Volume 7 | December 2023 | 1947-1952 | 1951



Comment

8. IPBES. IPBES (2019): Global Assessment Report on Biodiversity and Ecosystem Services
of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
(IPBES, 2019)

9. Carroll, S.R., Herczog, E., Hudson, M., Russell, K. & Stall, S. Sci. Data 8,

108 (2021).

10. Dornelas, M. et al. Global Ecol. Biog. 27, 760-786 (2018).

11. Hudson, L. N. et al. Ecol. Evol. 7,145-188 (2016).

12. Hughes, A. C. et al. Ecography 44, 1259-1269 (2021).

13. Pereira, H. M. et al. Science 339, 277-278 (2013).

14. Schmeller, D. S. Biol. Res. 93, 55-71(2018).

15. Balvanera, P. et al. Curr. Opin. Environ. Sustain. 54, 101152 (2022).

16. Kuhl, H. S. et al. One Earth 3, 462-474 (2020).

17. Navarro, L. et al. Curr. Opin. Environ. Sustai. 29, 158-169 (2017).

18. Cavender-Bares, J. et al. Nat. Ecol. Evol. 6, 506-519 (2022).

19. Bush, A. et al. Nat. Ecol. Evol. 1, 0176 (2017).

20. Bellingham, P. J. et al. Ecol. Sols. & Evid. 1, €12025 (2020).

Acknowledgements

To the memory of Bob Scholes who contributed so much to GEO BON and the vision of the
GBIiOS. AG. is supported by the Liber Ero Chair in Biodiversity Conservation. Any use of trade,
product or firm names is for descriptive purposes only and does not imply endorsement by
the United States Government. This research was carried out, in part, at the Jet Propulsion
Laboratory, California Institute of Technology, under a contract with the National Aeronautics
and Space Administration (8ONMO018D0004). The first draft was written and prepared by
A.G. All authors have read and commented on the paper.

Competing interests
The authors have no competing interests.

Additional information
Supplementary information The online version contains supplementary material available at
https://doi.org/10.1038/s41559-023-02171-0.

nature ecology & evolution

Volume 7 | December 2023 | 1947-1952 | 1952



