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Mediterranean marine keystone species on the brink of extinction

whether they are published or not. The documents may come    

The intensity of the 2022 MHW experienced by the NW Mediterranean was unprecedented, with a warm water mass that plunged to over 20 m depth in some locations. The Marseille area experienced a record peak of 27.4°C in mid-August and a whole week displaying records over 26°C (Fig. 1A). The mean temperature during the two hottest months of the summer (July-August) was up to 2°C higher than in previous years, and even higher than the July-August mean temperature recorded during the reference summer of 2003 (Fig. 1A). Over 20 years of monitoring temperatures, only once was the temperature higher than this, reaching 27.7°C on August 9, 2018. However, it only remained above 26°C for 3 h that year, a very brief peak compared to 7 days in 2022. Past Mediterranean MHWs (e.g., 1999 and 2003) have been related to disease outbreaks and mass mortality of a wide range of benthic taxa, occasionally leading to species shifts [START_REF] Garrabou | Mass mortality in Northwestern Mediterranean rocky benthic communities: effects of the 2003 heat wave[END_REF][START_REF] Lejeusne | Climate change effects on a miniature ocean: the highly diverse, highly impacted Mediterranean Sea[END_REF][START_REF] Garrabou | Marine heatwaves drive recurrent mass mortalities in the Mediterranean Sea[END_REF][START_REF] Chevaldonné | Regional warming-induced species shift in north-west Mediterranean marine caves[END_REF] . Several species of sponges, gorgonians, bryozoans, tunicates, and mollusks, most of them keystone species that shape Mediterranean seascapes, were among the main victims of these MHWs. The recurrence of MHWs therefore appears to drive the current major biodiversity crisis in the Mediterranean Sea. Although very alarming, these past events reached the general public as related to disease outbreaks and mortality, not to the disappearance of species. Here we show that the 2022 NW Mediterranean MHW is, more directly in line with the 6 th mass extinction expectations [START_REF] Thomas | Extinction risk from climate change[END_REF][START_REF] Cowie | The Sixth Mass Extinction: fact, fiction or speculation?[END_REF] .

Off the Marseille coast, the above-mentioned record temperatures coincided with the first observations of mass mortality in mid-August. From then on, the phenomenon rapidly spread down to 30 m depth, and new mortality cases were reported every day. This year, the main victims were again gorgonians and first and foremost, the purple sea-fan Paramuricea clavata. This species is a major contributor to shallow NW Mediterranean seascapes. In the Marseille region, one of the coldest parts of the NW Mediterranean 6 , this sea-fan was abundant at shallow depths. Today, thousands of naked axes of this forest-forming erect soft coral testify of its destruction between the surface and 25 m depth, reminiscent of an "underwater wildfire". Fortunately, this charismatic species has a wide bathymetric distribution in the Mediterranean, and therefore, beyond a depth of 30 m and down to more than 100 m, it is still possible to find dense populations. The other Mediterranean gorgonian species (Corallium rubrum, Eunicella singularis, E. cavolini, and E. verrucosa) have also been impacted by the 2022 MHW, but only at shallow depths and in a much more limited way.

The case of bath sponges (Porifera, family Spongiidae) is much more critical. These marine animals have been harvested since antiquity for the fineness, softness, and absorbent quality of their skeleton. This fishery remains nowadays a particularly lively cultural heritage in several Mediterranean countries. It has been recently hypothesized that past MHWs, between the 1980s and today, played a key role in the disappearance of several sponge beds across the Mediterranean Sea, particularly in the Eastern basin [START_REF] Fourt | Fighting the Minotaur: Resistance to technological change in the Mediterranean sponge fishing industry, 1840-1922[END_REF] . The NW basin was one of the last parts of the Mediterranean Sea harboring dense populations of bath sponges, barely exploited, although in rather shallow waters. Evaluating the mortality of these marine animals can only be achieved by sponge experts, because many species of similar size and color can be confused underwater. Moreover, only experts can assess the vitality of individuals. The outcome of the 2022 MHW is unfortunately clear. All Spongiidae species known along the French coast (e.g. Spongia officinalis, S. lamella, Hippospongia communis) appear to have been wiped out between the surface and 25 m depth. Dense populations could only be found at these depths before the MHW. Densest populations of S. officinalis (Fig. 1B,C,D) used to occur at 10 m depth in the vicinity of Marseille, some of these populations having been monitored for over 25 years. Mortality rates are a bleak 100 % mortality; there are no survivors down to 25 m depth. After a total of 30 dives in 20 different locations along the French Mediterranean coast, only very few live individuals (1-4 per location) could be found between 25 m and 30 m, but no true population survived.

Sponges provide many important ecosystem services, such as shelter for various juvenile and adult animals. As filter-feeders, they recycle particulate and dissolved organic matter in the water column, thus affecting entire food-webs [START_REF] De Goeij | Surviving in a marine desert: the sponge loop retains resources within coral reefs[END_REF] . They are also well-known producers of bioactive compounds with potent pharmacological activities [START_REF] Calado | Updated trends on the biodiscovery of new marine natural products from invertebrates[END_REF] . For instance, bath sponges' chemistry is currently assessed for their neuropharmacological properties (e.g., neuroprotective potential against Alzheimer's disease). In this context, bath sponge taxonomy and a part of the systematics are currently under revision, with species complexes to be deciphered and new species to be described (Grenier et al., 11 th World Sponge Conference, Leiden, The Netherlands, 2022): a sponge biodiversity under risk of extinction before formal description. 

Figure 1 :

 1 Figure 1: Graphic illustration of the 2022 MHW and its impact on bath sponge populations. A) July-to-August seawater temperature recorded at 18 m depth at the "3PP" station, La Ciotat, near Marseille, South of France (43.163°N; 5.599°E) using in situ autonomous sensors during the 2022 MHW (red), in the two previous years (grey dotted lines), and during the reference 2003 MHW (orange dotted line). Only one record per day was used to draw the graph; mean values for the July-August period are reported as horizontal lines for each

Online Methods section

Seawater temperature was recorded at 18 m depth at the "3PP" station, La Ciotat, near After the first reports of mortality in mid-August, 20 dives were conducted between the 29 th of August and 28 th of October 2022. Different stages of disease were observed, from the early occurrence of white bacterial veil at the sponge surface, necrosis, to the appearance of naked spongin skeletons. The repetition of dives could unfortunately confirm that the earliest signs of sponge disease always led to death in less than 3 days. During these dives, about 150 dead specimens were collected in order to check their taxonomic identity by observing their specific network of spongin fibers. As no individual appeared to have survived, we then focused on searching for the very few survivors in deeper waters.