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Figure S1. Core correlation, composite-depth construction and validation. Ti-clr profiles from
UWITEC (BUL23-3 and BUL23-4) and piston (BUL23-5, BUL23-6, and BUL23-7) sediment cores
from Lake Bullen Merri, plotted against core depth. Similar core sections were arranged adjacent to
facilitate comparison, and corresponding Ti centred log-ratio (clr) peaks and troughs were matched to
define 30 stratigraphic tie points. The green shading highlights the designated reference-core section.
Composite depths were assigned to tie points relative to the reference core, and individual core-depth
records were converted to composite depth by linear interpolation between tie points. Ca-clr data are

provided as an independent validation of these correlations.
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Figure S2. Validation of the Lake Bullen Merri composite depth scale. Ti-clr and independent Ca-clr
records from UWITEC and piston sediment cores plotted against composite depth. Agreement among
corresponding Ti-clr features, together with the alignment of independent Ca-clr variability, supports
the stratigraphic correlations and composite-depth model. The grey band indicates the 152.1-163.2 cm

composite-depth interval, for which samples could not be analysed, resulting in a data gap.
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Figure S3. Bayesian age—depth model for the Tower Hill Main Lake core (Mills et al., 2013; Tyler et
al., 2015). Blue markers show the probability distributions of radiocarbon-dated samples plotted against
the left axis, while green markers indicate calendar ages assigned to the coring date and the first
appearance of P. radiata. Grey dotted lines and shading represent the 95% confidence intervals, with
darker shading indicating the most likely ages, and the red dotted line shows the weighted mean

modelled age—depth curve
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Figure S4. Diatom stratigraphy for Lake Bullen Merri over the last 2500 years showing the relative abundances of all identified diatom species, with CONISS-

derived assemblage zones (A—H) indicated to highlight major changes in community composition through time.
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Figure S5. Broken Stick analysis used to determine the optimal number of significant diatom assemblage zones in the Lake Bullen Merri diatom record. The
blue dashed line shows the automatically calculated Broken Stick model, while the black dotted line indicates the manually selected number and positions of

zones, based on both the model output and visual inspection of the diatom stratigraphic data.
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Figure S6. Diatom stratigraphy for Lake Tower Hill over the last 2500 years showing the relative
abundances of all identified diatom species, with CONISS-derived assemblage zones (A—D) indicated
to highlight major changes in community composition through time (Mills et al., 2013; Tyler et al.,

2015).
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Figure S7. Broken Stick analysis used to determine the optimal number of significant diatom
assemblage zones in the Lake Tower Hill diatom record. The blue dashed line shows the automatically
calculated Broken Stick model, while the black dotted line indicates the manually selected number and
positions of zones, based on both the model output and visual inspection of the diatom stratigraphic

data.
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Figure S8. EC reconstructions for Lake Bullen Merri over the last 2500 years using different diatom—

EC calibration methods (WA, WA-Inv, WA-Cla, LWWA-Inv, LWWA-Cla and WA-PLS) (Rahman et

al., 2026). All methods show nearly identical temporal trends, indicating robust patterns of salinity

change across the record. Red lines indicate a locally weighted sum of squares (loess) fit with span =

0.1 (Cleveland et al., 2017).
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Figure S9. Reconstructed Lake-water conductivity (EC) for Tower Hill Main Lake (Mills et al., 2013),

Lake Elingamite and Lake Surprise (Barr et al., 2014), showing both the original reconstructions and




those obtained using the updated diatom—EC transfer function of Rahman et al. (2026). The new
reconstructions yield more realistic absolute EC estimates and improved analogue performance
compared with the original versions. Red lines indicate locally weighted scatterplot smoothing (loess)

fits with span = 0.1 (Cleveland et al. 2017).
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Figure S10. Comparison of reconstructed hydroclimate variability from a. Lake Bullen Merri with three
nearby diatom-based EC records from b. Lake Tower Hill (Mills et al., 2013), ¢. Lake Elingamite, and
d. Lake Surprise (c—d; Barr et al., 2014), e. Lake Keilambete (Wilkins et al., 2013), f. Snowy Flat (Zheng
et al., 2025), g. Rebecca Lagoon (Saunders et al., 2012), h. Kubla Khan Cave (Cooley et al., 2026), i.
Coorong Lagoon (Chamberlayne et al., 2023), J. Lashmars Lagoon (Rahman et al., 2025). Yellow panel
marks the interval interpreted as strongly influenced by direct anthropogenic impact. Black lines

indicate a locally weighted sum of squares (loess) fit with span = 0.1 (Cleveland et al., 2017).
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