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            Abstract
Antarctic terrestrial biodiversity occurs almost exclusively in ice-free areas that cover less than 1% of the continent. Climate change will alter the extent and configuration of ice-free areas, yet the distribution and severity of these effects remain unclear. Here we quantify the impact of twenty-first century climate change on ice-free areas under two Intergovernmental Panel on Climate Change (IPCC) climate forcing scenarios using temperature-index melt modelling. Under the strongest forcing scenario, ice-free areas could expand by over 17,000 km2 by the end of the century, close to a 25% increase. Most of this expansion will occur in the Antarctic Peninsula, where a threefold increase in ice-free area could drastically change the availability and connectivity of biodiversity habitat. Isolated ice-free areas will coalesce, and while the effects on biodiversity are uncertain, we hypothesize that they could eventually lead to increasing regional-scale biotic homogenization, the extinction of less-competitive species and the spread of invasive species.
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                    Figure 1: Projected 21st century climate change in Antarctica between 2014 and 2098 under RCP8.5.


Figure 2: New Antarctic ice-free area (km2) predicted to emerge between 2014 and 2098 under climate forcing scenario RCP8.5.


Figure 3: Current and future ice-free area (km2) in each Antarctic Conservation Biogeographic Region.


Figure 4: Projected cumulative changes in ice-free area size and distribution for North Antarctic Peninsula (ACBR 3a).
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Extended Data Figure 1 Projected 21st century climate change in Antarctica between 2014 and 2098 under RCP4.5.
a, Change in degree days. b, Change in precipitation rate (mm per year). c, Projected melt (m) using mean melt coefficients. RCP climate forcing scenarios were derived from the IPCC Fifth Assessment Report (AR5), see Methods. Maps have been generated from original data and the Antarctic coastline file downloaded from the Antarctic Digital Database (ADD Version 7; http://www.add.scar.org).
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Mean melt coefficients used to determine the melt rate. Grid cell resolution is 50 km in the continental map and 10 km in the Antarctic Peninsula inset. Maps have been generated from original data and the Antarctic coastline file downloaded from the Antarctic Digital Database (ADD Version 7; http://www.add.scar.org).


Extended Data Figure 3 Current and future ice-free area (km2) in each Antarctic Conservation Biogeographic Region.
Estimates of future ice-free area are provided for three different climate change scenarios (RCP2.6, RCP4.5, RCP8.5), using full-ensemble ER mean models. Bars represent total area using the mean ice-melt coefficients, while error bars represent the lower and upper bounds, respectively (total projected ice-free area using the lowest and highest ice melt coefficients; see Methods).


Extended Data Figure 4 Ice-free area metrics for Antarctic Conservation Biogeographic Region 3a (North Antarctic Peninsula).
Metrics provided under current climate conditions (C) and two different RCP scenarios (4.5, 8.5). a, Mean area of ice-free patches (km2). b, Total ice-free area (km2). c, Number of ice-free patches. d, Mean distance to nearest neighbour (NN; metres). Mid-line on box represents the mean ice melt coefficient, while bottom of box represents lower bound, top of box represents upper bound, and error bars represent standard error of the mean (n = 12,638 ice-free areas, see ACBR 3a in Supplementary Tables 1 and 2).


Extended Data Figure 5
Simple overview of the methods used to model changes in distribution and size of Antarctic ice-free areas at the end of the 21st century.


Extended Data Figure 6 Annual mean surface air temperature (at 2 m) anomalies.
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        Editorial Summary
Ice loss threatens biodiversity hotspots
Permanently ice-free areas are home to almost all of Antarctica's biodiversity. Jasmine Lee and colleagues model the potential effect of climate change on the extent of ice-free areas in Antarctica over the coming century, under moderate and severe forcing scenarios. Ice-free areas are projected to expand by over 17,000 km2 under the strongest forcing scenario. The greatest change can be expected in the Antarctic Peninsula, where a threefold increase in ice-free area is projected. The authors suggest that the expansion and eventual merging of ice-free areas could have harmful consequences for the biodiversity of the continent by facilitating the homogenization of biodiversity across regions.
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