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Figure S1: Plot of winter sea-ice concentration (WSIC) and sea-ice duration (SID) for 276 seafloor surface sediment samples
indicating that for SIDs <8 months/yr there is a good (R2 = 0.92) linear correlation (dashed blue line) between WSIC and SID. The
15 red lines indicate the 20 % and 1 month/yr values that mark the mean WSIE in the two parameters.
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Figure S2: Scores of the first principal component (PC) versus age, as identified by the PCA applied to the resampled and nor malised
sea-ice records listed in Table 1.
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20 Figure S3: The variance explained by each principal component (dark blue curve), along with the broken stick curve (red), identified
by the PCA applied to the resampled and normalised sea-ice records listed in Table 1.
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Figure S4: Correlation coefficients of the different cores on PC1 as identified by the PCA applied to the resampled and normalised
sea-ice records presented in Table 1. Cores are grouped by Southern Ocean sector and ordered from north to south within each
sector. In black: FCC proxy; in dark blue: SID; in light blue: WSIC; in purple: Nas flux, as in Figure 1.

S1 Sea-surface temperature (SST) records

We have identified published Southern Ocean SST records that cover the last G-1G cycle and are from marine sediment cores
located within fifteen degrees of the modern mean WSI edge (Figure S5 and Table S1). Only records which have a mean
sample resolution of <3 ka were considered. We selected twenty four SST records from twenty three core sites (Table S1) and
normalised them following the same methodology as for the sea-ice records (detailed in section 2.2). The normalised records
were resampled at 2 ka resolution, grouped and stacked into three Southern Ocean sector stacks: the Atlantic sector stack (30
°W - 30 °E), the Indian sector stack (30 - 120 °E) and the Pacific sector stack (150 °E - 105 °W). Unlike the normalised sea-ice
stacks in Figures 2 and 4, the patterns and timings of changes in the SST stacks is largely consistent between Southern Ocean
sectors (Figure S6) and therefore, for our comparison with G-1G sea-ice changes, all twenty four SST records are stacked
together in a single Southern Ocean stack (Figure 4).
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Figure S5: Map of the twenty three marine sediment core sites (Table S1) from which SST records are used in this study (white
circles). Grey background shading marks the three Southern Ocean sectors for which normalised SST stacks are presented in Figure
S6 (the Atlantic sector (30 °W - 30 °E), the Indian sector (30 - 120 °E) and the Pacific sector (150 °E - 105 °W)). The modern February
(blue line) and September (black line) sea-ice extents (data from Fetterer et al. (2017)) and the modern APF position (grey line;

Trathan et al. (2000)) are also marked.

Southern Ocean

Latitude (°S) Longitude (°E) Data references

sector
ODP 1089 40.93 9.90 Atlantic Kohfeld and Chase (2017)
MD02-2588 41.20 25.50 Atlantic Romero et al. (2015)
u1475 41.43 25.26 Atlantic Tangunan et al. (2021)
PS2489-2 42.87 8.97 Atlantic Kohfeld and Chase (2017)




PS2082-1 43.22 11.74 Atlantic Kohfeld and Chase (2017)

(t?vggc_érzc?s) 4352 79.87 Indian Kohfeld and Chase (2017)
PS2498-1 44.15 -14.23 Atlantic Kohfeld and Chase (2017)
MD11-3357 44.68 80.43 Indian Thole et al. (2019)
MD88-770 46.02 96.46 Indian Kohfeld and Chase (2017)
DCR-1PC 46.02 44.25 Indian Crosta et al. (2020)
ELT49-18 46.02 90.16 Indian Kohfeld and Chase (2017)
ELT49-23 47.13 95.08 Indian Kohfeld and Chase (2017)
ELT49-17 48.28 90.24 Indian Kohfeld and Chase (2017)
MD12-3394 48.38 64.59 Indian Ai et al. (2020)
PS1778-5 49.01 -12.70 Atlantic Kohfeld and Chase (2017)
MD11-3353 50.57 68.39 Indian Ai et al. (2020)
PS1768-8 52.59 4.48 Atlantic Kohfeld and Chase (2017)
ODP 1094 53.18 5.13 Atlantic Hasenfratz et al. (2019)
PS75/059-2 54.22 -125.43 Pacific Tapia et al. (2019)
MD84-551 55.01 73.17 Indian Kohfeld and Chase (2017)
SK200/33 55.02 45.15 Indian Ghadi et al. (2020)
E11-2 56.07 -115.08 Pacific Kohfeld and Chase (2017)
SO136-111 56.67 160.23 Pacific Kohfeld and Chase (2017)

Table S1: Details of the locations of the twenty three marine sediment cores (Figure S5) which have SST records used in this study.
45  Cores are ordered by latitude from north to south.
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Figure S6: Stacks of the normalised and resampled SST records for three Southern Ocean sectors (the Atlantic sector (30 °W - 30
°E), the Indian sector (30 - 120 °E) and the Pacific sector (150 °E - 105 °W)), with n values to indicate the number of SST records in
each stack. The blue curves mark the mean values for each stack and the blue shading marks the interquartile ranges. Vertical
dashed lines mark MIS boundaries with each MIS numbered at the top of the figure.
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