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Study description

Research sample

• Case study 1 (North Sea fishes):

- Abundance data are available at:

https://datras.ices.dk/Data_products/Download/Download_Data_public.aspx (source data)

and at:

https://figshare.com/s/9d3cd1d6f68a73dcea11 (input table for analyses).

- Traits data are available through the PANGAEA traits database at:

https://doi.org/10.1594/PANGAEA.900866 (source data).

• Case study 2 (Marine mammals):

- Presence/absence and traits data are available at:

https://figshare.com/s/5dcefa52f529ad34dc02

- Range maps data are available at : http://www.iucnredlist.org

• Case study 3 (Reef fishes):

- Forecasted habitat suitability data and associated traits can be made available from the authors upon reasonable request.

- Traits data are made available at : https://figshare.com/s/2c5fb050f2d2b9e01170

- GASPAR (Traits data and occurrences can be made available from the authors upon reasonable request.)

- SERF (Occurrences can be made available from the authors upon reasonable request)

- Global occurrence data from GBIF are available at: https://www.gbif.org/

- Global occurrence data from OBIS are available at: https://obis.org/

- Reef Life Survey data are available at: https://reeflifesurvey.com/survey-data/

• Projection of environmental variables from the CMIP6 Earth system model are available at: https://esgf-node.llnl.gov/projects/cmip6/.

This study introduces a novel framework for quantifying the vulnerability of biological communities by integrating the precautionary
principle and ecological traits. There is indeed a need to prioritize the vulnerability of biological communities by considering the
uncertainty in how human and environmental threats will change and how species will respond to

them. Here we address these uncertainties by simulating community potential response to the widest

range of threats. Our framework is applicable on a wide variety of data (abundance, presence/absence

and probability of presence), spatial scale (from local to global) and time period (past, present, future).

We applied our framework to three complementary cases: i) the vulnerability trend in North Sea

fishes in the past four decades, ii) present-day spatial vulnerability of global marine mammals, and iii)

projected vulnerability changes in global reef fishes under climate change scenario.

i) The abundance of North Sea fishes species come from bottom trawl survey (NS-IBTS) and data are available at:

https://datras.ices.dk/Data_products/Download/Download_Data_public.aspx (source data)

and at:

https://figshare.com/s/b229e52cce6da45b75f2 (input table for vulnerability analyses).

ii) We selected a representative data set currently used in macro-ecology at global scale. This sample encompass the presence
absence of almost all marine mammals and the associated traits data for these species (case study 2). All the data are available at:
https://figshare.com/articles/Input_data_for_Global_vulnerability_of_marine_mammals_to_global_warming_/11323304 and at:
http://www.iucnredlist.org for species range maps.

iii) We compile a novel point record dataset on reef species occurrence and biomass available globally which provided a highly
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Sampling strategy

Data collection

Timing and spatial scale

Data exclusions

Reproducibility

Randomization

Blinding

Did the study involve field work? Yes No

comprehensive spatial coverage of reef species distributions and thus was an appropriate choice for our study. Our final set
comprised of 2,340 species at 496,309 unique georeferenced locations in 20,450 grid cells for analyses. We combined together
presence/absence data obtained from OBIS and GBIF with in-hand reef fish underwater visual census observations. The in-hand data
come from curated citizen science and professional surveys, namely the Reef Life Survey (RLS, Edgar & Stuart-Smith 2014), Socio-
Ecological Reef Fish dataset (SERF, Mora et al. 2011, Cinner et al. 2018) and GASPAR project dataset (see supporting information in
Barneche et al. 2018 for full sampling description). We used these data to derived habitat suitability models (case study 3) which can
be made available from the authors upon reasonable request.

- Case study 1 (North Sea fishes):

Sampling in a regular grid (protocol available here: https://www.ices.dk/sites/pub/Publication%20Reports/ICES%20Survey%
20Protocols%20(SISP)/SISP%2010%20%E2%80%93%20Revision%2011_Manual%20for%20the%20North%20Sea%20International%
20Bottom%20Trawl%20Surveys.pdf).

- Case study 2 (Marine mammals):

We compiled geographic range maps from the IUCN database (http://www.iucnredlist.org) for all known marine mammal species
(127 species). We deleted 5 species for which a major part of their range fall in freshwater environment (Sotalia Fluviatili, Inia
geoffrensis Platanista gangetica, Pusa sibirica and Trichechus inunguis) and we finally retained 122 species. We then established a
presence/absence matrix and derived SR by overlapping the geographic ranges and counting how many species occur in each grid
cell (1° × 1° grid cells, 10,000 km²).

- Case study 3 (Reef fishes): All species distribution models used in case study 3 had a minimum of 50 occurrences which is a
conservative lower limit for this statistical approach, as determined by the following articles https://doi.org/10.1111/ecog.01509;
https://doi.org/10.1111/j.1472-4642.2008.00482.x.

- Case study 1 (North Sea fishes):

Abundance data were collected thanks to a many persons on oceanographic vessels that catched demersal fish communities with
vertical a bottom trawl. After each haul, fishes were identify at species level and counted. Corresponding data were then uploaded
on the DATRAS repository platform (https://datras.ices.dk/Data_products/Download/Download_Data_public.aspx). The first author
(Arnaud Auber) extracted the data from the DATRAS database. Traits data were obtained through accumulation of observations and
measurements during the last decades in various studies. These data were then combined and uploaded in the PANGAEA traits
database thanks to Beukhof et al., 2019, at: https://doi.pangaea.de/10.1594/PANGAEA.900866.

- Case study 2 (Marine mammals):

Considering the marine mammals data set, we downloaded the data from the IUCN database (http://www.iucnredlist.org). We
conducted all the analyses by using the software R.

- Case study 3 (Reef fishes): Data were collected by professional and trained scuba divers recording fishes species identities and body
size observed on underwater visual transects and fish body sizes (Reaf Life Survey, SERF, GASPAR), this is a well-established method
for estimated fish community structure (see https://www.nature.com/articles/sdata20147; https://doi.org/10.1016/
j.biocon.2020.108855)

- Case study 1 (North Sea fishes):

Abundance data from 1983 to 2019 were selected at the North Sea scale. The starting year (1983) was selected based upon field
experts who identified 1983 as the first year where the sampling protocol was considered as constant. Because the NS-IBTS survey is
mainly funded to assess fish stocks, and thus to define annual fishing quotas, the sampling is done once a year (during the first
quarter). The last year (2019) was selected as the last year of our temporal window because 2020 data were not still available when
we extracted data. The spatial scale of the North Sea was used in order to have only one vulnerability value per year for the entire
ecosystem.

- Case study 2 (Marine mammals):

We used the marine mammals traits collated by Albouy et al 2017 and the IUCN shapefile for marine mammals (version 3) at global
scale download from the IUCN website in February 2016. These data span on several decades with opportunistic observations to
present day at a global scale.There is therfore no periodicity since the database only contains opportunistic observations.

- Case study 3 (Reef fishes):

Reef fish occurrences were compiled by the Global Biodiversity Information Facility and Ocean Biodiversity Information System
which provide access to unstructured biodiversity observations. These data span 1990 to present day at a global scale.

Sites for which species richness was inferior to 10 were not considered to prevent any over or underestimation of the
functional vulnerability (case study 3).

R codes were computed in a way to be reproducible by users. Explanations are within the provided code

No randomization was required because this is a study using observational data.

This is not an experimental design, so no blinding was required in this study.




