PNAS Commentary

Title 1: Rethinking climate-context dependencies in biological terms Title 2: Accounting for biotic interactions and microclimatic processes Author: Jonathan Lenoir 1 1 UR "Ecologie et dynamique des systèmes anthropisés" (EDYSAN, UMR 7058 CNRS), Université de Picardie Jules Verne, 1 Rue des Louvels, 80037 Amiens cedex 1, France Main Text: To detect biodiversity changes, biologists can rely on time series of historical observations and resurveys [START_REF] Verheyen | Combining biodiversity resurveys across regions to advance global change research[END_REF][START_REF] Dornelas | BioTIME: a database of biodiversity time series for the Anthropocene[END_REF][START_REF] Comte | BioShifts: a global geodatabase of climate-induced species redistribution over land and sea[END_REF]. As global climate is warming, there is a staggering number of studies detecting population losses (i.e. local extinction or extirpation events), species range shifts (e.g. leading-edge expansion) and community reshuffling (e.g. biotic homogenization) [START_REF] Antão | Temperature-related biodiversity change across temperate marine and terrestrial systems[END_REF][START_REF] Lenoir | Species better track climate warming in the oceans than on land[END_REF][START_REF] Urban | Escalator to extinction[END_REF]. However, to attribute these detections to specific factors, with the aim to hone our predictive tools, is a more challenging task and still a nascent research area. Recent work suggests that not only the magnitude of climate change matters to explain the observed variation in biodiversity changes but also the ambient climate context from historical surveys (i.e. baseline climatic conditions) [START_REF] Bertrand | Ecological constraints increase the climatic debt in forests[END_REF] as well as the interaction between the two (4, 5) (Fig. 1). For instance, under similar velocities of climate change, marine species coming from initially warm waters are shifting their geographical range poleward much faster than those coming from initially cold waters [START_REF] Lenoir | Species better track climate warming in the oceans than on land[END_REF]. These complex interactions generate climate-context dependencies (Fig. 1) and thus complicate our understanding of biodiversity responses to anthropogenic climate change. Yet, the total contribution of climate-context dependencies, like the one example mentioned above to explain the observed variation in biodiversity redistribution under climate change, remains relatively low [START_REF] Lenoir | Species better track climate warming in the oceans than on land[END_REF], thus questioning the relevance of complicating models that rely on climatic predictors only. In a new study in this issue of PNAS, Vandvik et al. [START_REF] Vandvik | Biotic rescaling reveals importance of species interactions for variation in biodiversity responses to climate change[END_REF] propose to simplify the use of complex interaction terms between climatic variables in models to explain, and potentially predict, biodiversity responses to anthropogenic climate change by rethinking climate-context dependencies in biological terms.

To illustrate how biotic rescaling may capture climate-context dependencies, let us compare biodiversity responses to climate change between two distant ecosystems differing in ambient climate (Fig. 1). In a temperate forest ecosystem, the developed root system of trees combined with a dense network of stomata in the leaves allows water to circulate from the deep soil layers to the top of the canopy layer throughout transpiration, a process that creates and sustains its own forest microclimate [START_REF] Aussenac | Interactions between forest stands and microclimate: Ecophysiological aspects and consequences for silviculture[END_REF]. Thanks to that process, the upper tree canopy layer buffers the ambient climatic conditions such that forest-dwelling species living in the understory experience more stable climatic conditions than species living outside forests (10-12) (Fig. 1).

In the long term, forest microclimate dynamics can modify the velocity at which climate is changing in the understory, letting more time for forest biodiversity to adapt [START_REF] Zellweger | Forest microclimate dynamics drive plant responses to warming[END_REF]. Besides, the shade-casting ability of trees generates positive and negative biotic interactions for shade tolerant and light demanding vascular plant species, respectively. Hence, tree canopy height and density at temperate latitudes are good biotic proxies that may simultaneously capture microclimatic processes and biotic interactions contributing to the complex climate-context dependencies that trees create for forest biodiversity living in the understory, such as vascular plants in the herbaceous layer. At higher latitudes, wet tundra ecosystems are dominated by mosses and lichens [START_REF] Beringer | The representation of Arctic soils in the land surface model: the importance of mosses[END_REF], with vascular plants being clearly outnumbered therein. Mosses and lichens do not have roots and do not transpire enough moisture to dry out the soil, leading to constantly wet conditions which sustain suitable conditions to their own growth. This type of vegetation, albeit quite vulnerable to physical disturbances (e.g. fire or trampling and grazing from large herbivores), creates and sustains its own microclimatic environment which does not depend much on macroclimatic conditions (15) (Fig. 1). Locally, a dense and thick moss mat can considerably insulate the ground [START_REF] Beringer | The representation of Arctic soils in the land surface model: the importance of mosses[END_REF][START_REF] Soudzilovskaia | Dominant bryophyte control over high-latitude soil temperature fluctuations predicted by heat transfer traits, field moisture regime and laws of thermal insulation[END_REF][START_REF] Cannone | Influence of vegetation on the ground thermal regime in continental Antarctica[END_REF][START_REF] Gornall | Arctic mosses govern belowground environment and ecosystem processes[END_REF], which may have consequences on recruitment dynamics for vascular plants [START_REF] Soudzilovskaia | How do bryophytes govern generative recruitment of vascular plants?[END_REF]. Besides, mosses also have the capacity to sequester nutrients and thus prevent vascular plants to colonize the system, even hampering seedling recruitment and treeline expansion induced by climate warming [START_REF] Lett | Mosses modify effects of warmer and wetter conditions on tree seedlings at the alpine treeline[END_REF]. In other words, mosses have the capacity to mediate the impact of climate change on the recruitment dynamic of vascular plants at high latitudes. Here as well, the thickness and cover of moss mats can be used as biotic proxies to capture the complex climate-context dependencies that mosses create for vascular plants living at these high latitudes.

I used these two distant ecosystems involving contrasting ambient climates as two examples in which the main structuring elements of the vegetation (trees and mosses in the above-mentioned examples) (Fig. 1) not only exert control on biotic interactions in the system but also act as macroclimate modifiers throughout microclimatic dynamics which may differ in their respective abilities to mediate a similar amount of climate change velocity, thus generating climate-context dependencies. In other ecosystems too, both the cover and height of the most dominant vegetation can be used as meaningful and appropriate proxies for relevant community processes (biotic interactions and microclimate dynamics) that may capture complex climatecontext dependencies in more simple biological terms. That is exactly what Vandvik et al. [START_REF] Vandvik | Biotic rescaling reveals importance of species interactions for variation in biodiversity responses to climate change[END_REF] are advocating and testing throughout an experimental approach. 8) discovered that species assemblages in transplanted turfs slowly converged towards the community composition of the control turfs of the destination site, which was expected and consistent with the imposed climate change treatments. Yet, on average, the observed number of species colonizing the translocated turfs as well as the proportion of species being locally extirpated within the translocated turfs were systematically lower than what would have been expected if the translocated turfs were literally similar to the control turfs. These differences were the most pronounced for extirpation events, suggesting lagging effects consistent with the existing scientific literature [START_REF] Bertrand | Ecological constraints increase the climatic debt in forests[END_REF]. More important, the number of species colonizing the translocated turfs and the proportion of species being locally extirpated within the translocated turfs decreased and increased, respectively, as the height of the moss layer increased. The authors' statistical models offer evidence suggesting that the height of the moss layer is a meaningful and appropriate proxy which can help predict colonization and extirpation events of vascular plants in alpine grasslands while eliminating several interaction terms related to climate context-dependencies (Fig. 1), in line with the authors' initial assumptions.

The Vandvik et al. ( 8) study, although restricted to a boreal oceanic region, makes a critical step forward in demonstrating a significant reduction in model complexity by rethinking climate-context dependencies in biological terms (Fig. 1). Using simple proxies of the structure of the most dominant vegetation layer, such as moss canopy height in Artic-alpine grasslands, can replace complex climate-context dependencies to forecast future biodiversity changes. It provides an important insight for those trying to hone predictive models of biodiversity responses to anthropogenic climate change. A clear next step is to get a better mechanistic understanding of the relative contribution of biotic interactions and microclimatic processes underlying the use of such biotic proxies. Vandvik et al. [START_REF] Vandvik | Biotic rescaling reveals importance of species interactions for variation in biodiversity responses to climate change[END_REF] interpreted the effect of the biotic proxies they used for vegetation structure chiefly in terms of biotic interactions. Yet, as mentioned earlier, mosses not only affect the recruitment of vascular plants directly through altered competition for light and nutrients acquisitionwith the potential to hamper treeline expansion induced by climate warming (20)but it also indirectly affects recruitment by insulating soil from extreme air temperatures [START_REF] Soudzilovskaia | Dominant bryophyte control over high-latitude soil temperature fluctuations predicted by heat transfer traits, field moisture regime and laws of thermal insulation[END_REF][START_REF] Soudzilovskaia | How do bryophytes govern generative recruitment of vascular plants?[END_REF] (Fig. 1). Hence, biotic rescaling is a powerful approach to capture biotic interactions as well as important microclimatic processes which would otherwise require important amounts of microclimatic data [START_REF] Lembrechts | SoilTemp: A global database of near-surface temperature[END_REF].

In short, the finding of Vandvik et al. [START_REF] Vandvik | Biotic rescaling reveals importance of species interactions for variation in biodiversity responses to climate change[END_REF] highlights the successful use of simple biological proxies to capture climate-context dependencies and to simplify models relying solely on climatic predictors while not necessarily requiring to collect new field observations. Thanks to recent advances in remote sensing technology, some data on the height and cover of the most dominant vegetation layer are readily available and can be used as biotic proxies to improve predictions on biodiversity responses to climate change [START_REF] Zellweger | Advances in Microclimate Ecology Arising from Remote Sensing[END_REF].

  To simulate ongoing and future climate change impacts on Arctic-alpine grassland vegetation, Vandvik et al.[START_REF] Vandvik | Biotic rescaling reveals importance of species interactions for variation in biodiversity responses to climate change[END_REF] set up, in 2009, a thorough and well thought out macroecological experiment.More specifically, they transplanted an impressive total of 175 turfs, of 25 × 25 cm each, from different ambient climate origins (e.g. cold and dry, cold and wet, etc.) to warmer, wetter, simultaneously warmer and wetter climates as well as to similar climates (local transplants within blocks to account for transplantation effects). Then, during four years, Vandvik et al.[START_REF] Vandvik | Biotic rescaling reveals importance of species interactions for variation in biodiversity responses to climate change[END_REF] thoroughly monitored species composition changes within each of the 175 transplanted turfs, as well as in 60 additional untouched control non-transplanted turfs, to quantify two aspects of changes in species assemblages, namely the temporal trends in the number of species colonizing each of the transplanted and control turf as well as the proportion of species being locally extirpated (i.e. lost populations) within each of the transplanted and control turfs. Finally, Vandvik et al. (8) related these temporal trends in local colonization and extirpation events to both climate-related and biotic-related factors using two competing models. The first model included climate-related factors only (Fig. 1): climate change treatments (e.g. warmer and wetter conditions); ambient climate at the origin site (e.g. cold and dry alpine grasslands); and climate-context dependencies (i.e. the interaction term between climate change and ambient climate). The second model tested whether adding biotic factors, such as moss canopy height (Fig. 1) or novel colonist species cover, simplifies the climate-only model by capturing climatecontext dependencies. After monitoring the 175 translocated and 60 control turfs between 2009 and 2013, Vandvik et al. (

Caption for Figure 1: Climate-context dependencies involve complex interaction effects between the magnitude of climate change (CC) and different ambient (or baseline) climate (AC) contexts (e.g. temperate vs boreal). In this issue of PNAS, Vandvik et al. [START_REF] Vandvik | Biotic rescaling reveals importance of species interactions for variation in biodiversity responses to climate change[END_REF] suggest to rethink these climate-context dependencies in biological terms by using simple proxies, such as the cover or density of the most dominant layer, capturing both biotic interactions and microclimatic processes that are meaningful to predict the impact of climate change on vascular plant communities.