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Ranking threats to biodiversity and
why it doesn’t matter
Céline Bellard1✉, Clara Marino 1 & Franck Courchamp1

Conservation scientists have proposed several rankings of the relative impor-
tance of global threats to biodiversity. Here, we argue that relative ranking of
biodiversity threats depends on local context and metrics used, and so has little
application for conservation.

We are in an unprecedented crisis of biodiversity in human history. All evidence suggests that
the current rates of extinctions vastly exceed the estimated background extinction rate. The
major difference with the previous mass extinctions is that humans are simultaneously
responsible for it, threatened by it, and able to stop it. More than 900 species across all taxa have
been documented to go extinct since 1500, with probably as many as 400 bird species alone in
prehistoric times1. For the scientific community, five main global threats are typically considered
responsible of these losses: habitat destruction, over-exploitation, biological invasions, climate
change, and pollution2, although many more local perturbations and stressors are also
important.

Many individual researchers and agencies such as the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES), International Union for Conservation
of Nature (IUCN), and World Wide Fund for Nature (WWF) have recently ranked these global-
threat categories in terms of their estimated contribution to biodiversity loss. For instance,
biological invasions are deemed the primary cause of global species’ extinctions for birds,
mammals, reptiles, freshwater fish, plants, arthropods, and gastropods, especially on islands3.
Currently, more than 38,500 species are considered threatened with extinction, first by habitat
loss and then overexploitation4. Recently, the IPBES published a ranking of these threats, with
habitat change identified the most important threat, followed by overexploitation, climate
change, pollution, and biological invasions5. Consequently, the global exercise of ranking threats
at a global scale, although a natural tendency for scientists, has led to differing rankings.
However, such a variability can misguide conservation responses depending on which ranking
system is favored.

Threat rank is context-specific
The difficulties inherent in ranking global threats are due to them being context-dependent,
which result from conditions and the nature of the threats themselves differing among locations,
habitats, and taxa (Fig. 1). Current high-risk hotspots from habitat loss and overexploitation are
primarily located in the tropics, whereas Europe is documented as a threat hotspot for
pollution6. On islands, biological invasions mainly threaten biodiversity in the Pacific and
Atlantic Oceans, while islands in the Indian Ocean and near the coasts of Asia are mostly
threatened by overexploitation and agriculture3. Climate change affects species more at higher
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latitudes and altitudes because species are constrained by the
physical environment (geographic barriers and mountain tops) to
follow their optimal isotherms.

The relative importance of threats also depends on the taxon
considered. At the global scale, vertebrates are primarily threa-
tened by habitat loss, overexploitation, and then biological inva-
sions. But even within the vertebrates rankings differ — birds and
mammals are mainly affected by overexploitation, while amphi-
bians have a higher probability of succumbing to habitat loss6.
Because of species-specific traits and adaptations, some species are
likely to respond differently to global threats even within a clade.
Large-bodied vertebrates are more likely to be threatened by
overexploitation, whereas small-bodied vertebrates are more
prone to habitat loss or pollution (Fig. 1). Threat ranking also
depends on the habitat under consideration. Marine mammals are
more threatened by overexploitation and pollution than terrestrial
mammals for which habitat loss is the primary threat (Fig. 1). On
islands, habitat loss is secondary to the pressures of biological
invasions in freshwater systems, but the former is more important
for terrestrial vertebrates and plants3. Another source of uncer-
tainty is that most studies examining threats are based on well-
studied taxa such as terrestrial vertebrates, which only represent a
small subset of the tree of life. For instance, only 0.2% of fungi,
1.7% of invertebrates, and 10% of described plants are assessed in
the IUCN update of 20197, potentially underestimating the
intensity of some threats and biasing conservation priorities for
these groups. Similarly, there is a bias of research effort towards
regions with high-income countries, while research from low or

middle-income countries is generally underrepresented8. This may
give the false impression of absence of threats in some regions of
the world.

Likewise, period-specific global threat ranks are subject to the
vagaries of temporal dynamics (Fig. 1). However, distinguishing
past, current, and future threats is essential for current or future
conservation interventions. Historically, overexploitation caused
most of the Pleistocene megafauna extinctions, likely exacerbated
by climate change. As agricultural practices intensified, habitat
loss played a major role in extinctions. As humans later colonized
islands, biological invasions caused the extinction of hundreds of
species worldwide3. In contrast, climate change is only predicted
to become major in the near future9. In fact, the effects of recent
threats might be masked by delayed species’ responses, especially
in under-studied regions, resulting in a large extinction debt. For
instance, the severity of biological invasions often causes native
species to decline rapidly to local extinction, while other threats
such as habitat loss might affect species more slowly. In both
cases, the eventual extinctions are ultimately if similar magnitude.

Threat rank depends on the metric
The inconsistencies among different rankings also arise from the
different methodologies applied and metrics used to assess bio-
diversity losses. The IUCN Classification Threat, one of the most
used tools in ecology and conservation, is based on expert
assessment and a list of quantitative criteria (i.e., population sizes
and area of occupancy) to provide a species’ extinction probability.
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Fig. 1 Divergence of global threat rankings across different references and international agencies. IPBES, WWF, and IUCN established global rankings of
the five threats responsible for the current biodiversity crisis (B: central, yellow panel). However, the relative importance of each threat depends on the
taxon, system, species’ characteristics, time, and/or the metric considered, resulting in divergences. Global biodiversity threats are represented by colors
and symbols, given in the top panel. This figure encapsulates results combined from different studies detailed in Supplementary Table 1 with their
associated references.
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Adopted by the Convention of Biological Diversity (CBD), the
WWF Living Planet Index assesses threats to biodiversity based on
population time series of over 4000 vertebrate species. Recently, a
new metric based on species’ extinction risk status, anthropogenic
pressure, and country-scale mitigation measures has provided an
interesting, complementary approach of congruence among spe-
cies’ extinction risks and their exposure to threats10. However,
most of the aforementioned metrics rely on species-level data that
are often unavailable. Yet, because biodiversity is a multi-
dimensional concept, including genetic, functional, and taxonomic
diversities, it is important for threat assessments to consider all
dimensions. Attempting to be more integrative, the IPBES pro-
posed a new ranking based on eleven different metrics, from
species populations (e.g., Living Planet Index, local species rich-
ness) and traits (e.g., mean body length) to ecosystem structure
(e.g., mangrove forest, percentage of live coral cover)5. Those
multiple metrics result in different rankings according to the scale
considered. For instance, habitat loss and degradation appear to be
important for explaining changes at the population level (i.e.,
Living Planet and Red List indices), while pollution is among the
most important threats of changes of ecosystem structure (e.g., %
live coral cover) (Fig. 1). Some of these metrics are less appropriate
to emphasize certain threats. For example, species traits like mean
body length of fish is mostly driven by overexploitation11, while
biological invasion had little effect on this trait, or on the per-
centage of live coral cover. Moreover, each threat is in fact mul-
tifaceted. For instance, climate change includes sea-level rise,
altered precipitation, increase of extreme events, and some of
which may even have opposite effects on certain species. For
example, some plants may benefit from CO2 increases while
suffering from changed in precipitation regime. As a consequence,
the definition of threat itself may lead to various rankings.

Conservation implications of ranking threats
The tendency to rank biodiversity threats is not entirely due to
the tendency of scientists to ordinate factors or to their relevance
to justify studies of the greatest threats. It is also driven by
practical considerations. Rankings are in fact commonly applied
to establish priorities for conservation interventions, especially by
policy makers12. For instance, comparative studies have suc-
cessfully prioritized the conservation of some populations, spe-
cies, or sites at local scales12. Global analyses and rankings can
also guide governments and other actors, and offer leverage to
implement measures with limited funding. By ranking individual
threats independently, scientists implicitly prioritize the top
threats and classify others as lower concern. However, ranking
global threats by considering each threat independently is likely
to underestimate the full consequences to biodiversity worldwide.
A recent study showed that the nature of the threat is almost
irrelevant when species are exposed to multiple threats simulta-
neously, as multiple threats exacerbate the loss of resilience in
vertebrate populations13. Threatened insular species are currently
exposed to an average of 2.6 different threats3, and according to
the IUCN 80% of species are exposed to more than one threat
threatened species4. In this context, we expect cumulative effects
among global change drivers, which may result in unexpected
interactions such as synergies or antagonistic interactions. This
further weakening the usefulness of independent ranking.

Perspectives and potential opportunities
By over-synthesizing the relative prevalence of threats across
juxtaposed contexts, taxa, times, and metrics, these macro-
ecological analyses confuse messages to the public, the media, and
policy makers in terms of where and when biodiversity losses
occur, and which factors are responsible14. Instead, global

assessments in conservation should offer synthetic views on how
threats operate in combination to threaten biodiversity. New
developments in databases and tools could provide advances in
conservation evaluation15. For instance, network analyses3 or
cumulative-impact approaches16 can consider multiple threats
simultaneously. But exposure to threats alone provides only
partial information on conservation needs. New approaches
assessing species’ vulnerability to global changes by simulta-
neously considering exposure to the intensity of the threats,
variable sensitivity, and different adaptive capacity are also a
valuable change of paradigm17.

Because the ultimate objective is to lessen the severity of the
biodiversity crisis driven by combination of major threats, we
might even need to reconsider the actual usefulness of global
threat ranks. Ranking the potential benefits of conservation
actions would certainly have more impact that only ranking
threats. Providing policy makers with a range of conservation
scenarios with their predicted biodiversity outcomes, which
consider the multiple sources of stress, different metrics, and
variation across taxa, could provide a more realistic description of
the state of biodiversity and maximize conservation outcomes.
While international biodiversity-conservation instruments
derived by the CBD, IPBES, IUCN, and others are exceptional
tools to monitor and assess biodiversity, the disparities among
rankings create a reductive and oversimplified perspective of the
multiple threats underlying the current biodiversity crisis. This
could also precipitate unsubstantiated priorities in conservation.
Although useful to highlight areas of concern, we argue instead
for considering the specificities, complexities, and interactions
among threats to tackle this global crisis and for communicating
more strategically with policymakers about the limits of global
rankings.

Received: 3 March 2022; Accepted: 26 April 2022;

References
1. Sayol, F., Steinbauer, J., Blackburn, T., Antonelli, A. & Faurby, S.

Anthropogenic extinctions conceal widespread evolution of flightlessness in
birds. Sci. Adv. 6, eabb6095 (2021).

2. Brook, B. W., Sodhi, N. S. & Bradshaw, C. J. A. Synergies among extinction
drivers under global change. Trends Ecol. Evol. 23, 453–460 (2008).

3. Leclerc, C., Courchamp, F. & Bellard, C. Insular threat associations within taxa
worldwide. Sci. Rep. 8, 6393 (2018).

4. Maxwell, S. L., Fuller, R. A., Brooks, T. M. & Watson, J. E. M. Biodiversity: The
ravages of guns, nets and bulldozers. Nature 536, 143–145 (2016).

5. IPBES. Global assessment report on biodiversity and ecosystem services of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services. https://doi.org/10.5281/zenodo.3553579 (2019).

6. Harfoot, M. B. J. et al. Using the IUCN Red List to map threats to terrestrial
vertebrates at global scale. Nat. Ecol. Evol. 5, 1510–1519 (2021).

7. Hochkirch, A. et al. A strategy for the next decade to address data deficiency in
neglected biodiversity. Conserv. Biol. 35, 502–509 (2021).

8. Wilson, K. A. et al. Conservation research is not happening where it is most
needed. PLoS Biol. 14, e1002413–e1002413 (2016).

9. Bellard, C., Bertelsmeier, C., Leadley, P., Thuiller, W. & Courchamp, F.
Impacts of climate change on the future of biodiversity. Ecol. Lett. https://doi.
org/10.1111/j.1461-0248.2011.01736.x (2012).

10. Pouteau, R. et al. Environmental and socioeconomic correlates of extinction
risk in endemic species. Divers. Distrib. 28 53–64 (2022).

11. Purvis, A. et al. Chapter 2.2. Status and Trends – Nature. In: Global assessment
report of the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (2019).

12. Chaplin-Kramer, R. et al. Conservation needs to integrate knowledge across
scales. Nat. Ecol. Evol. https://doi.org/10.1038/s41559-021-01605-x (2021).

13. Capdevila, P., Noviello, N., Mcrae, L., Freeman, R. & Clements, C. F. Global
patterns of resilience decline in vertebrate populations. Ecol. Lett. 1–12.
https://doi.org/10.1111/ele.13927 (2021).

14. Cardillo, M. & Meijaard, E. Are comparative studies of extinction risk useful
for conservation? Trends Ecol. Evol. 27, 167–171 (2012).

NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-022-30339-y COMMENT

NATURE COMMUNICATIONS |         (2022) 13:2616 | https://doi.org/10.1038/s41467-022-30339-y | www.nature.com/naturecommunications 3

https://doi.org/10.5281/zenodo.3553579
https://doi.org/10.1111/j.1461-0248.2011.01736.x
https://doi.org/10.1111/j.1461-0248.2011.01736.x
https://doi.org/10.1038/s41559-021-01605-x
https://doi.org/10.1111/ele.13927
www.nature.com/naturecommunications
www.nature.com/naturecommunications


15. Pollock, L. J. et al. Protecting biodiversity (in All Its Complexity): new models
and methods. Trends Ecol. Evol. 35, 1119–1128 (2020).

16. Halpern, B. S. et al. A global map of human impact on marine ecosystems. Sci.
(80-). 319, 948–952 (2008).

17. Parravicini, V. et al. Global mismatch between species richness and
vulnerability of reef fish assemblages. Ecol. Lett. 17, 1101–1110 (2014).

Acknowledgements
We are grateful for the precious edits and comments provided by Corey Bradshaw and
Pol Capdevilla on a previous version of the manuscript.

Author contributions
C.B. and F.C. developed the initial ideas of the ms. The first draft of the manuscript was
written by C.B. C.M. created the figure and C.B., C.M., and F.C. were involved in the
review, editing and final submission.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41467-022-30339-y.

Correspondence and requests for materials should be addressed to Céline Bellard.

Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this license, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2022

COMMENT NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-022-30339-y

4 NATURE COMMUNICATIONS |         (2022) 13:2616 | https://doi.org/10.1038/s41467-022-30339-y | www.nature.com/naturecommunications

https://doi.org/10.1038/s41467-022-30339-y
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.nature.com/naturecommunications

	Ranking threats to biodiversity and why it doesn’t matter
	Threat rank is context-specific
	Threat rank depends on the metric
	Conservation implications of ranking threats
	Perspectives and potential opportunities
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




