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A N T H R O P O L O G Y

Landscape burning facilitated Aboriginal migration into 
Lutruwita/Tasmania 41,600 years ago
Matthew A. Adeleye1,2,3*, Felicitas Hopf2,3, Simon G. Haberle2,3,4, Georgia L. Stannard3,5,  
David B. Mcwethy6, Stephen Harris2, David M. J. S. Bowman7

The establishment of Tasmanian Palawa/Pakana communities ~40 thousand years ago (ka) was achieved by the 
earliest and farthest human migrations from Africa and necessitated migration into high-latitude Southern Hemi-
sphere environments. The scarcity of high-resolution paleoecological records during this period, however, limits 
our understanding of the environmental effects of this pivotal event, particularly the importance of using fire as a 
tool for habitat modification. We use two paleoecological records from the Bass Strait islands to identify the initia-
tion of anthropogenic landscape transformation associated with ancestral Palawa/Pakana land use. People were 
living on the Tasmanian/Lutruwitan peninsula by ~41.6 ka using fire to penetrate and manipulate forests, an ap-
proach possibly used in the first migrations across the last glacial landscape of Sahul.

INTRODUCTION
The establishment of ancestral Tasmanian Palawa/Pakana communi-
ties is the earliest evidence of human migrations into temperate lati-
tude regions in the Southern Hemisphere. The oldest archaeological 
evidence of human occupation in Tasmania (Aboriginal given name: 
Lutruwita) is from excavated sediment layers in Warreen Cave (1) and 
Parmerpar Meethaner rock shelter (2), with the calibrated radiocar-
bon dates of 39,924 ± 1130 years and 38,680 ± 1400 years, respec-
tively. Lutruwita was isolated from the mainland of Australia by high 
sea levels for much of the interval between 135 and 43 thousand years 
ago (ka), with the first sustained land bridge of the last glacial cycle 
occurring between 43 and 37 ka (3). Palawa/Pakana communities 
were able to traverse the partially exposed eastern Bassian Land 
Bridge to enter Lutruwita at this time (1–4). The land bridge became 
isolated from the Australian mainland as a result of rising sea levels 
during the early to mid-Holocene (3). While early evidence for the 
occupation of Lutruwita by Palawa/Pakana people is well document-
ed through the archaeological record (1, 2, 5), the nature of fire use 
and effects on vegetation and fauna (including megafauna) remains 
speculative (2, 5) and at times contentious (6, 7). This is partly due to 
the scarcity of high-resolution paleoecological data that span the pe-
riod between 50 and 40 ka in the region. Paleoecological records from 
the Australian mainland suggest that the arrival of Aboriginal peoples 
on the continent at least ~50 ka (8–13) was accompanied by changes 
in the biotic environment, including burning of vegetation and the 
replacement of closed woody vegetation by open vegetation commu-
nities, as well as the decline and extinction in megafaunal population 
(6, 14–18). Landscape management practices using fire are evident in 
Lutruwita at least after the Last Glacial Maximum (LGM) (19) and 

apparent in paleoenvironmental records from northern and eastern 
Australia during the past 11,000 years (20,  21). Given existing evi-
dence documenting millennia of burning practices in mainland 
Australia (20–22), we would expect landscape burning to accompany 
the arrival of people in Lutruwita.

Our goal in this study was to use two well-dated deep sedimentary 
records: Emerald Swamp and laymina paywuta (Palawa meaning: la-
goon from a long time ago) situated at the western and eastern ex-
tremes of the Bass Strait (Three Hummock Island and Clarke Island/
lungtalanana; Figs. 1 and 2) to reconstruct past environmental change 
and landscape changes associated with human arrival. Three Hummock 
Island is situated in the presently wet (annual average rainfall, 
~939 mm) western side of Bass Strait, and lungtalanana is on the drier 
(annual average rainfall, ~616 mm) eastern side. These long-term re-
cords provide a unique opportunity to understand the interplay of 
past climates across the Pleistocene land bridge (23), including floris-
tic and fire-regime changes associated with the earliest evidence for 
people within Lutruwita in two contrasting bioclimatic zones of this 
landscape (dry and wet temperate) with millennia of reversing pre-
cipitation gradients (24). In the context of previous research from 
mainland Australia, we expect that Aboriginal arrival in Lutruwita 
was also accompanied by a shift in fire regimes as a result of an addi-
tional source of fire ignitions—namely, people (hypothesis 1). We also 
expect the greatest plant species turnover (measured by beta diversity) 
following the first evidence for human arrival to have occurred in the 
then wetter landscapes where more fire-sensitive plants would have 
been common compared to the then drier landscapes where plant as-
semblages were likely more adapted to fires (hypothesis 2). Increased 
burning by people would differentially disadvantage the fire-sensitive 
species in wet environments compared to the fire-tolerant species 
from drier and more naturally fire-prone environments.

Study area climate and vegetation
As with the broader Lutruwita landscape today, the variability in 
annual rainfall between western and eastern Bass Strait is domi-
nantly controlled by the northward-southward shifts in the position 
of the Southern Westerlies (SW) known as the Southern Annular 
Mode (SAM), which creates an east-west rainfall anti-phasing pat-
tern (25,  26). During summer, a positive SAM phase (southward 
position of the SW) results in higher chances of rainfall over eastern 
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Fig. 1. Climate and vegetation of study area. Key climatic drivers (A) and annual rainfall distribution across Lutruwita/Tasmania (B), as well as vegetation and fire return 
interval of study area (60) (C and D)—Three Hummock Island and lungtalanana/Clarke Island in Bass Strait, Lutruwita. Maps [(B) to (D)] were created using LISTmap (60). 
Key sites later mentioned in the text are shown as well, including the site of climatic records (marine core 2611 and Fr1/94-GC3) offshore southern Australia (33) and 
southeast Lutruwita (28), existing dated pollen records spanning the past 30,000 to 75,000 years in Lutruwita from Lake Selina (38), offshore western Lutruwita—core SO 
36-7SL (34) and Crystal Lagoon on truwana/Cape Barren Island (40), and the two archaeological sites containing the earliest evidence (~40 ka) of human occupation 
(Warreen Cave and Parmerpar Meethaner rock shelter) in Lutruwita (1).
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Lutruwita and eastern Bass Strait. Conversely, a negative SAM phase 
(northward position of the SW) results in greater chances of rainfall 
in western Lutruwita and western Bass Strait. In winter, a positive 
SAM phase is associated with reduced chances of rainfall over the 
entire region and the reverse is the case during a negative SAM 
phase (26). The warm Leeuwin Current (LC) that flows from the 
coast of Western Australia toward the western side of Lutruwita also 
contributes moisture to the western Bass Strait today (Fig. 1A) (27). 
Overall, western Lutruwita (including western Bass Strait) currently 
receives the highest annual rainfall in the region and is character-
ized by relatively less flammable wetter vegetation communities 

compared to eastern Lutruwita and eastern Bass Strait (Fig. 1, B to D). 
Emerald Swamp vegetation on Three Hummock Island, western Bass 
Strait, is dominated by dense Melaleuca ericifolia–Acacia melanoxylon 
swamp forest, while laymina paywuta vegetation on lungtalanana, 
eastern Bass Strait, is characterized by dry sclerophyll shrub and 
heathland, dominated by Eucalyptus, Casuarina, and Banksia.

The present-day SAM-driven rainfall anti-phasing over Lutruwita 
is thought to have also prevailed in the region during the LGM (23), 
the late glacial and early to mid-Holocene, weakening during the past 
5000 years as El Niño–Southern Oscillation intensified (24). Our pol-
len records suggest that the climatic anti-phasing may have also pre-
vailed during marine isotope stage 3 (MIS 3), which is discussed below.

RESULTS AND DISCUSSION
Aboriginal arrival accompanied by a shift in fire regime in 
Lutruwita ~41.6 ka (hypothesis 1)
The co-dominance of drought-tolerant Callitris and Eucalyptus at the 
base of the laymina paywuta record indicates possible variable to less-
wet conditions in eastern Bass Strait during the beginning of MIS 3, 
with the latter expansion of wet Eucalyptus forest and rainforest mark-
ing a wetter phase with potentially easterly moisture flow (+SAM) from 
~50 to 35 ka. Rainfall reconstruction for southeast Lutruwita also shows 
high values during this period (Fig. 3, A and C) (28). Aboriginal arrival 
on the eastern Bassian Land Bridge may have occurred around this wet 
climatic phase, with perhaps abundant vegetative and potentially fresh-
water resources for subsistence on the narrow land bridge (Fig. 3, A, C, 
and F). Fire would have been an important tool used by early Palawa/
Pakana communities to penetrate and manage the dense wet forest to 
promote open vegetation supporting key prey species and to access dif-
ferent raw materials and shelter (29–31). We expect shifts in fire regime 
to precede vegetation change in Lutruwita following human arrival, and 
this is observed in the record from laymina paywuta in eastern Bass 
Strait. Charcoal accumulation rates (biomass burned: amount of vege-
tation consumed by fire at the site) (32) increased abruptly at the site at 
~41.6 ka, and this was followed by a major vegetation change at ~40 ka 
as identified by pollen zone classification (CONISS; Figs. 3C and 4A). 
Biomass burned and fire frequency records suggest possible initial for-
est burns with frequent intense fires within the first two millennia of 
Aboriginal arrival on the land bridge (Fig. 3A). Given the absence of 
major climatic shifts in southern Australia during the interval between 
~41.6 and 40 ka (Fig. 3A) (33), increased charcoal influx, erosional ac-
tivity (i.e., sediment influx; Fig. 4A), and the transition of closed to open 
vegetation (vegetation discussed in hypothesis 2) likely indicate land-
scape changes associated with anthropogenic firing. The environmental 
impact, however, would have taken time to become observable in ar-
chaeological or sedimentary archives. Hence, we interpret the earliest 
evidence for Palawa/Pakana occupation of Lutruwita to be at ~41.6 ka, 
followed by a gradual vegetation response by ~40 ka, which is about 
2000 years earlier than suggested by the archaeological evidence in the 
southwest of the island (2, 5).

At Emerald Swamp (hereafter “Emerald”), Eucalyptus forest ex-
panded following the termination of the arid MIS 4 and beginning of 
MIS 3 but quickly declined by ~54 ka and was replaced by shrubland. 
This suggests a wet start (~57 to 54 ka) of MIS 3 in western Bass 
Strait, with drying and treeless vegetation expansion after 54 ka. 
Rainforest also declined in western Lutruwita during MIS 3 (Fig. 3, 
A and B) (34). The corresponding changes in Emerald Eucalyptus 
pollen to LC flow (33), which also bring moisture as far as western 

Fig. 2. Site age-depth models. Emerald Swamp and laymina paywuta age-depth 
model showing calibrated (purple lines/black arrows) radiocarbon dates, 95% con-
fidence intervals of calibrated range (light gray), and single model based on the 
weighted mean age for each depth (red curve). cal yr B.P., calendar years before the 
present. See table S1 and fig. S1 for radiocarbon date results and full Bacon age-
depth model output. The relative abundance of herbaceous pollen (yellow) for 
both sites and sea surface temperatures (SSTs; blue) for southern Australia (33) 
used in supporting the identification of the marine isotope stages (MISs) is also 
shown.
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Fig. 3. Late Pleistocene paleoecological and paleoclimatic records from this study and existing ones from the broader Lutruwitan/Tasmanian region. (A to 
C) Vegetation and fire activity changes compared to changes in sea level (3), alkenone sea surface temperatures, and LC-driven precipitation changes inferred from G. ruber 
planktonic foraminifera in marine core 2611 offshore southern Australia (33, 61). Total percentage pollen of rainforest taxa from core SO 36-7SL offshore western 
Lutruwita (34) and rainfall reconstruction from core Fr1/94-GC3 in southeast Lutruwita (28) is also shown. The red dotted line indicates the period of human arrival at ~41.6 ka 
(see Fig. 4). (D to G) Summary illustration of vegetation, climate, and development of Bassian Land Bridge from ~50 to 18 ka. Maps were created using the QGIS sea level 
tool plugin (62).



Adeleye et al., Sci. Adv. 10, eadp6579 (2024)     15 November 2024

S c i e n c e  A d v an  c e s  |  R e s e ar  c h  A r t i c l e

5 of 9

Bass Strait today (27), suggest that it may have influenced the rainfall 
pattern in the area as well during MIS 3 (Fig. 3A). LC was also strong 
at the beginning of MIS 3 and generally became weaker between 54 
and 30 ka, as inferred from the declining trend of tropical foramin-
ifera Globigerinoides ruber in southern Australia at this time (33). 
Biomass burned increased in the area at ~41.1 ka (500 years after 
fire-regime shift in laymina paywuta) but was muted compared to 
that of laymina paywuta, and minor vegetation changes were evident 
at ~40 ka (Fig. 3, B and C). Western Lutruwita, including Emerald, 
was likely under a drier climate with less arboreal vegetation when 
Aboriginal people arrived in Lutruwita. People likely spread to 
northwest Lutruwita by ~41.1 ka, also frequently burning vegetation 
(shrubland) but possibly with less-intense fires. The likely explana-
tion for the relatively less landscape firing and minimal vegetation 
changes at Emerald compared to laymina paywuta is discussed be-
low (hypothesis 2).

Aboriginal burning-drive vegetation turnover across climate 
gradient following arrival in Lutruwita (hypothesis 2)
Given the abundance of fire-intolerant rainforest communities of 
western Lutruwita today, we hypothesized greater vegetation turn-
over in areas under wetter climates in the region following the onset 
of anthropogenic landscape burning ~41.6 ka. The eastern Bassian 
Land Bridge was wetter than the western area at this time, with more 
fire-sensitive plants in the former, including rainforest taxa (Fig. 3, 
B, C, and F). Of the two study sites, our CONISS and turnover anal-
ysis detect the greatest vegetation turnover in laymina paywuta in 
response to Aboriginal burning following arrival (Figs. 3, B and C, 
and 5). Notable floristic changes include the marked decline in Cal-
litris and the increase in Dodonaea by ~40 ka (Fig. 4A). The gradual 
replacement of preexisting Callitris-Eucalyptus woodland by wet 
Eucalyptus forest and rainforest at the site was already underway from 
~50 ka before the first evidence of people in the landscape (Fig. 4A). 
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Fig. 4. Pollen and charcoal records. Major terrestrial pollen taxa (>10%), CONISS cluster analysis results, vegetation turnover record, and macrocharcoal record for 
laymina paywuta (A) and Emerald Swamp (B). SCD, squared chord distance. Solid black lines indicate the timing of the most significant shift in pollen spectra at both sites 
identified by the high CONISS cluster dispersion score. The base pollen sum used in calculating pollen percentages is the sum of terrestrial trees, shrubs, and herbs. Note 
that individual charcoal peaks represent fire episodes (ep.) and not individual fire events. See figs. S2 to S4 for the full pollen record.
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There is a brief increase in Callitris ~41 ka, possibly due to infre-
quent anthropogenic fires suitable for regeneration that was fa-
vorable for this long-lived obligate seeder. However, by 40 ka, the 
permanent establishment of Palawa/Pakana communities occupy-
ing the Bassian Land Bridge (1) likely caused major increases in fire 
activity causing Callitris to quickly decline while favoring fire-
adapted Eucalyptus. Callitris is both fire dependent and fire sensitive 
in that infrequent fires reduce competition with shade-tolerant 
trees, allowing canopy-stored serotinous seeds to establish, yet fre-
quent fires can destroy seed sources and cause local extinction (35). 
Other fire-adapted taxa also became more abundant (~5%), includ-
ing Banksia marginata and the Australian endemic species Beyeria 
(fig. S3). The shift in fire regime at this time likely opened existing 
forest/woodland canopy, as indicated by increases in understory 
shrubs, especially Dodonaea, given the taxon’s preference for light 
availability under open canopies (Fig. 4A) (35, 36).

There were no notable changes in preexisting vegetation in the 
Emerald area following human arrival (Figs. 3B and 4B). The already 
open dry shrubby vegetation in the area perhaps did not require sub-
stantial burning for access and use as reflected in the lower charcoal 
influx (biomass burned) following human arrival compared to laymina 
paywuta. The marked expansion of fire-adapted and serotinous Casu-
arinaceae was the key floristic change associated with anthropogenic 
burning in Emerald. Dense Monotoca-Leptospermum scrub (shrubland 
>2 m tall) and Melaleuca swamp forest largely characterized the site 
before evidence of anthropogenic burning (Fig. 4B). The small pres-
ence of native pepper Tasmannia (fig. S2) that thrives after disturbance 
likely also indicates some opening of existing scrub by burning (36), 
with perhaps more heathy vegetation type (shrubland <2 m tall). The 
Casuarinaceae species is likely Allocasuarina monilifera, which is an 
endemic dwarf heathland species. It is currently the only Casuarinaceae 
species recorded growing in the Fleurieu Group islands (37) but com-
monly found across the drier eastern Lutruwita (including the 
Furneaux Group) today in dry substrates (36). Dry conditions that pre-
vailed when people arrived in the area, combined with landscape burn-
ing, likely drove its successful generation and expansion. It is possible 
that the recorded Casuarinaceae expansion at Emerald was part of a 
broader western Lutruwitan vegetation response following human oc-
cupation of the area. An existing pollen record from Lake Selina, 
100 km to the south in western Lutruwita, spanning the past 30,000 to 
52,000 years, also recorded Casuarinaceae pollen increase at ~42 ka, 
although the chronology is problematic (38). While increasing biomass 
burning intensity and fire frequency from ~35 ka would have resulted 
in the Casuarinaceae species decline due to fire regime outside species 
tolerance level (39), the onset of wetter conditions may have also re-
duced the species’ niche and outcompeted by wet-tolerant or meso-
phyllous species (Figs. 3B and 4B). Increased burning was likely driven 
by the desire to keep the landscape open in response to Eucalyptus ex-
pansion and vegetation thickening as conditions became wetter toward 
the end of MIS 3 and beginning of MIS 2. This may also reflect human 
occupation expansion in northwest Lutruwita, especially between ~30 
and 27 ka upon the onset of the LGM when sea level reached minimum 
and the full extent of the western and eastern Bassian Land Bridge was 
exposed (Fig. 3G) (40). Although the onset of the LGM climate may 
have contributed to the marked vegetation change in northwest Lutru-
wita at ~28 ka, frequent Aboriginal burning that kept wet sclerophyll 
vegetation open at this time likely significantly contributed to a decline 
in Leptospermum in the understory while favoring the more stress/
disturbance-tolerant Monotoca (Figs. 3G and 4B) (36, 37).

Our results suggest that Aboriginal people markedly burned the 
landscape when they first entered Lutruwita, a pattern consistent 
with other evidence from mainland Australia (14, 17). Landscapes 
characterized by fire-adapted vegetation types were also likely more 
resilient to anthropogenic burning following Aboriginal arrival in 
Australia. After comparing vegetation turnover in Lutruwita and 
sites from moist forest and dry woodland-shrubland biomes from 
the mainland, the lowest floristic turnover following the earliest evi-
dence for Aboriginal occupation with major burning was observed 
in southern Australia, followed by Emerald (Fig. 5, A and C). Turn-
over value distribution was also not significantly different in compa-
rable vegetation types, with similar distributions between southern 
Australia and Emerald, and between northeast Australia and laymi-
na paywuta (Fig. 5, B and C). In southern Australia, from ~58 ka, 
people likely used fire to maintain herb-dominated landscapes al-
ready created by previous cooling between 75 and 60 ka (17, 41, 42) 
and to prevent tree biomass recovery when the climate warmed 
again between 60 and 45 ka (17), stabilizing vegetation composition. 
A similar pattern of prehuman arrival herbaceous woodland and 
arid savanna persistence with minimal response to cultural burning 
after human arrival has also been observed in northwestern and 
northern Australia, respectively (20, 43). Conversely, high turnover 
was recorded for tropical wet northeast Australia’s vegetation fol-
lowing Aboriginal migration and anthropogenic burning in the area 
from ~41 ka (Fig. 5) (14, 44). Existing mixed vegetation of sclero-
phyllous forest and rainforest communities became replaced by 
sclerophyllous forest at this time (14, 44). The sensitivity of vegeta-
tion in northeast Australia to anthropogenic burning may be due to 
the abundance of fire-intolerant wet forest communities, which is 
also the case at laymina paywuta, where wet forest also existed at the 
time of human arrival. Climate would have modulated Aboriginal 
landscape burning during the late Pleistocene, with people burning 
wet forested/wooded landscapes with high-intensity fires to pro-
mote open landscapes (19), and burned already open dry vegetation 
types with low-intensity fires to maintain desired conditions. The 
former likely resulted in high vegetation turnover with the decline 
in fire-intolerant plants, while the latter favored fire-adapted plants 
with low turnover. It is possible that Aboriginal people were able to 
modify and use wet forest communities, including rainforests, much 
more in the past than presently thought (31), creating community 
composition and/or structure very different from today’s wet forest 
communities (19).

MATERIALS AND METHODS
Coring sites: Emerald Swamp and laymina paywuta—
Lagoon from a long time ago
Emerald Swamp [40°26′23.59″S, 144°54′48.15″E, 35  m above sea 
level (masl)] sits in the center of Three Hummock Island and is the 
largest catchment on the granite island at ~1 km2. The site is charac-
terized by dense M. ericifolia–A. melanoxylon swamp forest, with 
sedgy and mossy forest floors. Old tall Eucalyptus trees are also pres-
ent in the forest. Leptospermum and Banksia form stands in drier 
substrates away from the swamp forest (45). Laymina paywuta 
(40.542173°S, 148.217650°E, 10 masl) is on the eastern coastal mar-
gin of Clarke Island (lungtalanana), bounded by an easterly facing 
lunette and nestled within a granite catchment. The site is character-
ized by dry sclerophyll shrub and heathland, with Eucalyptus, Ca-
suarina, and Banksia prominent components of the vegetation. The 
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study areas on lungtalanana and Three Hummock Island have a ma-
jor feature in common. Both catchments have existed in the land-
scape for a long period without being obliterated by eolian sand 
sheets, which elsewhere on both islands have both covered any old 
lagoons as well as forming newer ones.

Sediment core collection and analysis
A 2.9-m core was collected from Emerald Swamp and a 3.94-m sed-
iment core from laymina paywuta (Fig. 1), and accelerator mass 
spectrometry (AMS) radiocarbon dates were obtained for 28 and 
24 bulk sediment sample depths across respective cores. AMS radio-
carbon dates were measured at DirectAMS, Washington and 
Australian Nuclear Science and Technology Organization, Sydney. An 
age-depth model was then built for the sediment cores based on the 
resulting AMS dates, using SHCal20 in “rbacon” (46, 47).

Pollen and macrocharcoal were also analyzed from the sediment 
cores to reconstruct vegetation and fire history, respectively. Pollen 
analysis follows the standard protocol involving HCl, KOH, and ace-
tolysis treatment (48), and at least 300 terrestrial taxa were identified 
in each pollen sample and presented as percentages. Sediment cores 
were sampled for pollen at 0.5- to 4-cm intervals and for macrochar-
coal at 1-cm interval. To identify major temporal changes in vegeta-
tion (pollen spectra), stratigraphically constrained CONISS cluster 
analysis was performed on terrestrial pollen records and within-
cluster scores were used to identify the timing of greatest shifts in pol-
len assemblages (49). Pollen data were further analyzed for turnover 
using the squared chord dissimilarity (SCD) metric (50–53) in R “ana-
logue” package (54) to further quantify the magnitude of vegetation 

change. Turnover refers to the amount of compositional change in 
vegetation (pollen spectra) through time. There are different dissimi-
larity metrics used in calculating turnover in pollen records, including 
but not limited to chord distance, SCD, detrended correspondence 
analysis, and chi-square coefficient; however, these metrics produce 
similar results (53, 55–57). Here, we used the SCD due to its better 
handling of signal-to-noise effects (53). Study sites’ turnover results 
were also compared to sites on the mainland, especially during the 
first 5000 years of human occupation of landscapes, and pairwise 
Wilcoxon tests were used to determine the differences in turnover dis-
tribution between sites.

Sediment cores were contiguously sampled for macrocharcoal, 
and samples were bleached overnight (~16 hours) using household 
bleach, washed through a 125-μm sieve, and manually counted un-
der the stereoscope. Using the CharAnalysis program (32), macro-
charcoal counts (charcoal particles per cubic centimeter) were 
converted to influx (charcoal pieces per square centimeter per year) 
with interpolation to a median time interval, a proxy for past bio-
mass burned at the study sites (32). The peak component of charcoal 
influx, which is the frequency of above-average charcoal influx 
events, was then used to infer past fire frequency (58). Significant 
charcoal peaks were detected at a minimum count cutoff probability 
of 0.05, and the frequency of peaks was computed every 2000 years. 
Given the multi-millennial scale of this study, individual charcoal 
peaks are taken to represent aggregates of fire events (fire episodes) 
and not single fire events. Charcoal influx was further subjected to 
regime shift (P < 0.01, cutoff = 50, Huber’s weight parameter = 5) 
analysis to detect the timing of major shift in biomass burned (59).

Fig. 5. Vegetation turnover in Lutruwitan/Tasmanian compared to that of the Australian mainland. (A) Boxplot of vegetation turnover distribution 5000 years after 
the onset of anthropogenic burning in Lutruwitan/Tasmanian sites compared to that of the Australian mainland (44, 63) and (B) pairwise Wilcoxon test for dissimilarity 
between sites’ turnover distribution. P < 0.05 in pairwise Wilcoxon test means significant difference between sites, and P > 0.05 means insignificant difference. (C) The 
Australian vegetation map (National Vegetation Information System version 5.1) with site locations is also shown, and boxplot colors match the vegetation map, reflecting 
prevailing vegetation types around the onset of anthropogenic burning in the sites during the late Pleistocene. See fig. S5 for full turnover plots.



Adeleye et al., Sci. Adv. 10, eadp6579 (2024)     15 November 2024

S c i e n c e  A d v an  c e s  |  R e s e ar  c h  A r t i c l e

8 of 9

Supplementary Materials
This PDF file includes:
Supplementary Text
Figs. S1 to S5
Table S1

REFERENCES AND NOTES
	 1.	 J. Allen, R. Cosgrove, “The southern forests archaeological project” in Report of the 

Southern Forest Archaeological Project. Volume 1. Site Descriptions, Stratigraphies and 
Chronologies (Archaeology Publications, School of Archaeology, La Trobe Univ., 1996).

	 2.	 R. Cosgrove, Forty-two degrees south: The archaeology of Late Pleistocene Tasmania.  
J. World Prehist. 13, 357–402 (1999).

	 3.	 K. Lambeck, J. Chappell, Sea level change through the last glacial cycle. Science 292, 
679–686 (2001).

	 4.	 S. Bowdler, Hunter Hill, Hunter Island: Archaeological investigations of a prehistoric 
Tasmanian site. Terra Australis 8 (1984).

	 5.	 R. Jones, Tasmanian archaeology: Establishing the sequences. Annu. Rev. Anthropol. 24, 
423–446 (1995).

	 6.	C . S. M. Turney, T. F. Flannery, R. G. Roberts, C. Reid, L. K. Fifield, T. F. G. Higham, Z. Jacobs, 
N. Kemp, E. A. Colhoun, R. M. Kalin, N. Ogle, Late-surviving megafauna in Tasmania, 
Australia, implicate human involvement in their extinction. Proc. Natl. Acad. Sci. U.S.A. 
105, 12150–12153 (2008).

	 7.	 R. Cosgrove, J. Field, J. Garvey, J. Brenner-Coltrain, A. Goede, B. Charles, S. Wroe,  
A. Pike-Tay, R. Grün, M. Aubert, W. Lees, J. O’Connell, Overdone overkill—The 
archaeological perspective on Tasmanian megafaunal extinctions. J. Archaeol. Sci. 37, 
2486–2503 (2010).

	 8.	C . Clarkson, Z. Jacobs, B. Marwick, R. Fullagar, L. Wallis, M. Smith, R. G. Roberts, E. Hayes,  
K. Lowe, X. Carah, S. A. Florin, J. McNeil, D. Cox, L. J. Arnold, Q. Hua, J. Huntley,  
H. E. A. Brand, T. Manne, A. Fairbairn, J. Shulmeister, L. Lyle, M. Salinas, M. Page, K. Connell, 
G. Park, K. Norman, T. Murphy, C. Pardoe, Human occupation of northern Australia by 
65,000 years ago. Nature 547, 306–310 (2017).

	 9.	 R. G. Roberts, R. Jones, M. A. Smith, Thermoluminescence dating of a 50,000-year-old 
human occupation site in northern Australia. Nature 345, 153–156 (1990).

	 10.	 R. G. Roberts, R. Jones, N. A. Spooner, M. J. Head, A. S. Murray, M. A. Smith, The human 
colonisation of Australia: Optical dates of 53,000 and 60,000 years bracket human arrival 
at Deaf Adder Gorge, Northern Territory. Quat. Sci. Rev. 13, 575–583 (1994).

	 11.	 J. M. Bowler, H. Johnston, J. M. Olley, J. R. Prescott, R. G. Roberts, W. Shawcross,  
N. A. Spooner, New ages for human occupation and climatic change at Lake Mungo, 
Australia. Nature 421, 837–840 (2003).

	12.	C . S. M. Turney, M. I. Bird, L. K. Fifield, R. G. Roberts, M. Smith, C. E. Dortch, R. Grün,  
E. Lawson, L. K. Ayliffe, G. H. Miller, J. Dortch, R. G. Cresswell, Early human 
occupation at devil’s lair, southwestern Australia 50,000 years ago. Quat. Res. 55, 
3–13 (2001).

	 13.	 J. F. O’Connell, J. Allen, M. A. J. Williams, A. N. Williams, C. S. M. Turney, N. A. Spooner,  
J. Kamminga, G. Brown, A. Cooper, When did Homo sapiens first reach Southeast Asia and 
Sahul? Proc. Natl. Acad. Sci. U.S.A. 115, 8482–8490 (2018).

	 14.	 S. Rule, B. W. Brook, S. G. Haberle, C. S. M. Turney, A. P. Kershaw, C. N. Johnson, The 
aftermath of megafaunal extinction: Ecosystem transformation in pleistocene Australia. 
Science 335, 1483–1486 (2012).

	 15.	 G. H. Miller, J. W. Magee, B. J. Johnson, M. L. Fogel, N. A. Spooner, M. T. McCulloch,  
L. K. Ayliffe, Pleistocene extinction of Genyornis newtoni: Human impact on Australian 
megafauna. Science 283, 205–208 (1999).

	 16.	 B. Brook, C. N. Johnson, Selective hunting of juveniles as a cause of the imperceptible 
overkill of the Australian Pleistocene “megafauna”. Alcheringa 30, 39–48 (2006).

	 17.	 M. Adeleye, S. Andrew, R. Gallagher, S. van der Kaars, P. De Deckker, Q. Hua,  
S. G. Haberle, On the timing of megafaunal extinction and associated floristic 
consequences in Australia through the lens of functional palaeoecology. Quat. Sci. Rev. 
316, 108263 (2023).

	 18.	I . V. Constantine, S. Mooney, B. Hibbert, C. Marjo, M. Bird, T. Cohen, M. Forbes, A. McBeath, 
A. Rich, J. Stride, Using charcoal, ATR FTIR and chemometrics to model the intensity of 
pyrolysis: Exploratory steps towards characterising fire events. Sci. Total Environ. 783, 
147052 (2021).

	 19.	 S. Cooley, M.-S. Fletcher, A. Lisé-Pronovost, J.-H. May, M. Mariani, P. S. Gadd,  
D. A. Hodgson, H. Heijnis, Rainforest response to glacial terminations before and after 
human arrival in Lutruwita (Tasmania). Quat. Sci. Rev. 329, 108572 (2024).

	 20.	 M. I. Bird, M. Brand, R. Comley, X. Fu, X. Hadeen, Z. Jacobs, C. Rowe, C. M. Wurster,  
C. Zwart, C. J. A. Bradshaw, Late Pleistocene emergence of an anthropogenic fire regime 
in Australia’s tropical savannahs. Nat. Geosci. 17, 233–240 (2024).

	 21.	 M. Constantine, A. N. Williams, A. Francke, H. Cadd, M. Forbes, T. J. Cohen, X. Zhu,  
S. D. Mooney, Exploration of the burning question: A long history of fire in Eastern 
Australia with and without people. Fire 6, 152 (2023).

	 22.	 S. van der Kaars, G. H. Miller, C. S. M. Turney, E. J. Cook, D. Nürnberg, J. Schönfeld,  
A. P. Kershaw, S. J. Lehman, Humans rather than climate the primary cause of Pleistocene 
megafaunal extinction in Australia. Nat. Commun. 8, 14142 (2017).

	 23.	 M.-S. Fletcher, I. Thomas, A quantitative Late Quaternary temperature reconstruction 
from western Tasmania, Australia. Quat. Sci. Rev. 29, 2351–2361 (2010).

	 24.	 M.-S. Fletcher, P. I. Moreno, Have the Southern Westerlies changed in a zonally symmetric 
manner over the last 14,000 years? A hemisphere-wide take on a controversial problem. 
Quat. Int. 253, 32–46 (2012).

	 25.	 K. M. Saunders, C. Kamenik, D. A. Hodgson, S. Hunziker, L. Siffert, D. Fischer, M. Fujak,  
J. A. E. Gibson, M. Grosjean, Late Holocene changes in precipitation in northwest 
Tasmania and their potential links to shifts in the Southern Hemisphere westerly winds. 
Glob. Planet. Change 92–93, 82–91 (2012).

	 26.	 Australian Government Bureau of Meteorology, Southern Annular Mode in Australia; 
www.bom.gov.au/climate/sam/images/SAM-in-Australia.pdf.

	 27.	 K. R. Ridgway, S. A. Condie, The 5500-km-long boundary flow off western and southern 
Australia. J. Geophys. Res. Oceans 109, C04017 (2004).

	 28.	 P. Deckker, S. van der Kaars, M. Macphail, G. Hope, Land-sea correlations in the Australian 
region: 460 ka of changes recorded in a deep-sea core offshore Tasmania. Part 1: The 
pollen record. Aust. J. Earth Sci. 66, 1–15 (2019).

	 29.	D . M. J. S. Bowman, The impact of Aboriginal landscape burning on the Australian biota. 
New Phytol. 140, 385–410 (1998).

	 30.	 B. Gammage, The Biggest Estate on Earth: How Aborigines Made Australia (Allen & Unwin, 
2012).

	 31.	 P. Roberts, A. Buhrich, V. Caetano-Andrade, R. Cosgrove, A. Fairbairn, S. A. Florin,  
N. Vanwezer, N. Boivin, B. Hunter, D. Mosquito, G. Turpin, Å. Ferrier, Reimagining the 
relationship between Gondwanan forests and Aboriginal land management in Australia’s 
“Wet Tropics”. iScience 24, 102190 (2021).

	 32.	 P. E. Higuera, L. B. Brubaker, P. M. Anderson, F. S. Hu, T. A. Brown, Vegetation mediated the 
impacts of postglacial climate change on fire regimes in the South-Central Brooks Range, 
Alaska. Ecol. Monogr. 79, 201–219 (2009).

	 33.	 P. De Deckker, M. Moros, K. Perner, T. Blanz, L. Wacker, R. Schneider, T. T. Barrows,  
T. O’Loingsigh, E. Jansen, Climatic evolution in the Australian region over the last 94 
ka—spanning human occupancy—, and unveiling the Last Glacial Maximum. Quat. Sci. 
Rev. 249, 106593 (2020).

	 34.	 G. Van De Geer, L. E. Heusser, J. Lynch-Stieglitz, C. D. Charles, Paleoenvironments of 
Tasmania inferred from a 5-75 Ka marine pollen record. Palynology 18, 33–40 (1994).

	 35.	 J. Reid, R. Hill, M. Brown, M. Hovenden, Vegetation of Tasmania, Flora of Australia 
Supplementary Series (Commonwealth of Australia, 1999).

	 36.	C . Howells, Tasmania’s Natural Flora (Australian Plant Society Tasmania Inc., Hobart Group, 
ed. 2, 2012).

	 37.	 J. B. Kirkpatrick, S. Harris, The Dissappearing Heath Revisited (Tasmanian Environment 
Centre, 1999).

	 38.	E . A. Colhoun, J. S. Pola, C. E. Barton, H. Heijnis, Late Pleistocene vegetation and climate 
history of Lake Selina, Western Tasmania. Quat. Int. 57-58, 5–23 (1999).

	 39.	 Á. Nicholson, L. D. Prior, G. L. W. Perry, D. M. J. S. Bowman, High post-fire mortality of 
resprouting woody plants in Tasmanian Mediterranean-type vegetation. Int. J. Wildland 
Fire 26, 532–537 (2017).

	 40.	 M. A. Adeleye, S. G. Haberle, D. McWethy, S. E. Connor, J. Stevenson, Environmental 
change during the last glacial on an ancient land bridge of southeast Australia.  
J. Biogeogr. 48, 2946–2960 (2021).

	 41.	 A. P. Kershaw, G. M. McKenzie, N. Porch, R. G. Roberts, J. Brown, H. Heijnis, M. L. Orr,  
G. Jacobsen, P. R. Newall, A high-resolution record of vegetation and climate through the 
last glacial cycle from Caledonia Fen, southeastern highlands of Australia. J. Quat. Sci. 22, 
481–500 (2007).

	 42.	 K. J. Harle, H. Heijnis, R. Chisari, A. P. Kershaw, U. Zoppi, G. Jacobsen, A chronology for the 
long pollen record from Lake Wangoom, Western Victoria (Australia) as derived from 
uranium/thorium disequilibrium dating. J. Quat. Sci. 17, 707–720 (2002).

	 43.	 S. van der Kaars, P. De Deckker, A Late Quaternary pollen record from deep-sea core 
Fr10/95, GC17 offshore Cape Range Peninsula, northwestern Western Australia. Rev. 
Palaeobot. Palynol. 120, 17–39 (2002).

	 44.	 A. P. Kershaw, S. C. Bretherton, S. van der Kaars, A complete pollen record of the last  
230 ka from Lynch’s Crater, North-Eastern Australia. Palaeogeogr. Palaeoclimatol. 
Palaeoecol. 251, 23–45 (2007).

	 45.	 S. Harris, J. Balmer, The vegetation and flora of Three Hummock Island, western Bass 
Strait. Pap. Proc. R. Soc. Tasmania 131, 37–56 (1997).

	 46.	 A. G. Hogg, T. J. Heaton, Q. Hua, J. G. Palmer, C. S. Turney, J. Southon, A. Bayliss,  
P. G. Blackwell, G. Boswijk, C. B. Ramsey, C. Pearson, F. Petchey, P. Reimer, R. Reimer,  
L. Wacker, SHCal20 Southern Hemisphere calibration, 0–55,000 years cal BP. Radiocarbon 
62, 759–778 (2020).

	 47.	 M. Blaauw, J. A. Christen, M. A. A. Lopez, J. E. Vazquez, O. M. Gonzalez V. T. Belding,  
J. Theiler, B. Gough, C. Karney, rbacon: Age-depth modelling using bayesian statistics, 
version 2.5.8 (2022); https://CRAN.R-project.org/package=rbacon.

http://www.bom.gov.au/climate/sam/images/SAM-in-Australia.pdf
https://CRAN.R-project.org/package=rbacon


Adeleye et al., Sci. Adv. 10, eadp6579 (2024)     15 November 2024

S c i e n c e  A d v an  c e s  |  R e s e ar  c h  A r t i c l e

9 of 9

	 48.	 K. Faegri, J. Iversen, Textbook of Pollen Analysis (Hafner Press, rev. ed. 3, 1975).
	 49.	 K. D. Bennett, Determination of the number of zones in a biostratigraphical sequence. 

New Phytol. 132, 155–170 (1996).
	 50.	 M. A. Adeleye, M. Mariani, S. Connor, S. G. Haberle, A. Herbert, F. Hopf, J. Stevenson, 

Long-term drivers of vegetation turnover in Southern Hemisphere temperate 
ecosystems. Glob. Ecol. Biogeogr. 30, 557–571 (2021).

	 51.	 S. E. Connor, B. Vannière, D. Colombaroli, R. S. Anderson, J. S. Carrión, A. Ejarque,  
G. Gil Romera, P. González-Sampériz, D. Hoefer, C. Morales-Molino, J. Revelles,  
H. Schneider, W. O. van der Knaap, J. F. van Leeuwen, J. Woodbridge, Humans take control 
of fire-driven diversity changes in Mediterranean Iberia’s vegetation during the mid–late 
Holocene. Holocene 29, 886–901 (2019).

	 52.	 A. W. Seddon, M. Macias-Fauria, K. J. Willis, Climate and abrupt vegetation change in 
Northern Europe since the last deglaciation. Holocene 25, 25–36 (2015).

	 53.	 J. T. Overpeck, T. Webb, I. C. Prentice, Quantitative interpretation of fossil pollen spectra: 
Dissimilarity coefficients and the method of modern analogs. Quat. Res. 23, 87–108 (1985).

	 54.	 G. L. Simpson, J. Oksanen, M. Maechler, Analogue: Analogue and weighted averaging 
methods for palaeoecology, version 0.17-6 (2021); https://CRAN.R-project.org/
package=analogue.

	 55.	 O. Mottl, J.-A. Grytnes, A. W. R. Seddon, M. J. Steinbauer, K. P. Bhatta, V. A. Felde,  
S. G. A. Flantua, H. J. B. Birks, Rate-of-change analysis in paleoecology revisited: A new 
approach. Rev. Palaeobot. Palynol. 293, 104483 (2021).

	 56.	T . Giesecke, S. Wolters, J. F. N. van Leeuwen, P. W. O. van der Knaap, M. Leydet, S. Brewer, 
Postglacial change of the floristic diversity gradient in Europe. Nat. Commun. 10, 5422 
(2019).

	 57.	 S. Nogué, A. M. C. Santos, H. J. B. Birks, S. Björck, A. Castilla-Beltrán, S. Connor, E. J. de Boer, 
L. de Nascimento, V. A. Felde, J. M. Fernández-Palacios, C. A. Froyd, S. G. Haberle,  
H. Hooghiemstra, K. Ljung, S. J. Norder, J. Peñuelas, M. Prebble, J. Stevenson,  
R. J. Whittaker, K. J. Willis, J. M. Wilmshurst, M. J. Steinbauer, The human dimension of 
biodiversity changes on islands. Science 372, 488–491 (2021).

	 58.	 P. Higuera, D. Gavin, P. Bartlein, D. Hallett, Peak detection in sediment–charcoal records: 
Impacts of alternative data analysis methods on fire-history interpretations. Int. J.
Wildland Fire 19, 996 (2010).

	 59.	 S. N. Rodionov, A sequential algorithm for testing climate regime shifts. Geophys. Res. Lett. 
31, L09204 (2004).

	 60.	D epartment of Natural Resources and Environment Tasmania, TASVEG—The Digital 
Vegetation Map of Tasmania; https://nre.tas.gov.au/conservation/development-
planning-conservation-assessment/planning-tools/monitoring-and-mapping-tasmanias-
vegetation-(tasveg)/tasveg-the-digital-vegetation-map-of-tasmania.

	 61.	 P. De Deckker, M. Moros, T. Blanz, R. R. Schneider, T. T. Barrows, K. Perner, Multidataset for 
sediment cores MD03-2611 and SS0206-GC15 taken offshore southern Australia, 
PANGAEA (2020); https://doi.org/10.1594/PANGAEA.911846.

	 62.	 P. Morrison, QGIS sea level tool plugin (2023); https://github.com/patrick-morrison/
qgis_sea_level_tool.

	 63.	 P. De Deckker, S. van der Kaars, S. Haberle, Q. Hua, J.-B. W. Stuut, The pollen record from 
marine core MD03-2607 from offshore Kangaroo Island spanning the last 125 ka; 
implications for vegetation changes across the Murray-Darling Basin. Aust. J. Earth Sci. 68, 
928–951 (2021).

Acknowledgments: Research on the Bass Strait islands is supported by the Aboriginal Land 
Council of Tasmania and the Tasmanian Aboriginal Centre. In the field, we thank the Working 
on Country rangers, truwana Rangers, and Palawa/Pakana rangers for guidance and advice 
while in their country. Sediment cores used for this study were collected from the Bass Strait 
islands of Clarke/lungtalanana and Three Hummock with the permission of the Department of 
Natural Resources and Environment Lutruwita and Aboriginal Heritage Tasmania. We also 
thank the Cradle Coast Authority for logistic assistance and A. Sculthorpe (Land and Heritage 
Coordinator), Tasmanian Aboriginal Centre, for helpful feedback on the paper. M. Bird from 
James Cook University assisted with hydropyrolysis pretreatment for radiocarbon analysis. 
Funding: This research was made possible through an Australian Research Council Centre of 
Excellence for Australian Biodiversity and Heritage support grant CE170100015 (to S.G.H.) and 
in-country support from the Tasmanian Aboriginal Centre. Author contributions: S.G.H., 
M.A.A., and F.H. co-developed study idea. All authors (except G.L.S.) participated in the 
fieldwork. M.A.A. conducted laboratory analysis on the Emerald Swamp sediment core, while 
F.H. and G.L.S. conducted laboratory analysis on the laymina paywuta sediment core. M.A.A. 
conducted all data analysis and wrote the original manuscript draft, and all authors 
contributed to manuscript revisions. Funding was acquired by S.G.H. and D.M.J.S.B. 
Competing interests: The authors declare that they have no competing interests. Data and 
materials availability: All data needed to evaluate the conclusions in the paper are present in 
the paper and/or the Supplementary Materials. Pollen and charcoal datasets used in this study 
have been deposited in the Dryad and Mendeley online data repository and can be publicly 
accessed via DOI: 10.5061/dryad.3n5tb2rsb and https://data.mendeley.com/datasets/
k4c6kd3n5n/1, respectively.

Submitted 5 April 2024 
Accepted 10 October 2024 
Published 15 November 2024 
10.1126/sciadv.adp6579

https://CRAN.R-project.org/package=analogue
https://CRAN.R-project.org/package=analogue
https://nre.tas.gov.au/conservation/development-planning-conservation-assessment/planning-tools/monitoring-and-mapping-tasmanias-vegetation-(tasveg)/tasveg-the-digital-vegetation-map-of-tasmania
https://nre.tas.gov.au/conservation/development-planning-conservation-assessment/planning-tools/monitoring-and-mapping-tasmanias-vegetation-(tasveg)/tasveg-the-digital-vegetation-map-of-tasmania
https://nre.tas.gov.au/conservation/development-planning-conservation-assessment/planning-tools/monitoring-and-mapping-tasmanias-vegetation-(tasveg)/tasveg-the-digital-vegetation-map-of-tasmania
http://dx.doi.org/10.1594/PANGAEA.911846
https://github.com/patrick-morrison/qgis_sea_level_tool
https://github.com/patrick-morrison/qgis_sea_level_tool
http://dx.doi.org/10.5061/dryad.3n5tb2rsb
https://data.mendeley.com/datasets/k4c6kd3n5n/1
https://data.mendeley.com/datasets/k4c6kd3n5n/1

	Landscape burning facilitated Aboriginal migration into Lutruwita/Tasmania 41,600 years ago
	INTRODUCTION
	Study area climate and vegetation

	RESULTS AND DISCUSSION
	Aboriginal arrival accompanied by a shift in fire regime in Lutruwita ~41.6 ka (hypothesis 1)
	Aboriginal burning-drive vegetation turnover across climate gradient following arrival in Lutruwita (hypothesis 2)

	MATERIALS AND METHODS
	Coring sites: Emerald Swamp and laymina paywuta—Lagoon from a long time ago
	Sediment core collection and analysis

	Supplementary Materials
	This PDF file includes:

	REFERENCES AND NOTES
	Acknowledgments

	Landscape burning facilitated Aboriginal migration into Lutruwita/Tasmania 41,600 years ago
	INTRODUCTION
	Study area climate and vegetation

	RESULTS AND DISCUSSION
	Aboriginal arrival accompanied by a shift in fire regime in Lutruwita ~41.6 ka (hypothesis 1)
	Aboriginal burning-drive vegetation turnover across climate gradient following arrival in Lutruwita (hypothesis 2)

	MATERIALS AND METHODS
	Coring sites: Emerald Swamp and laymina paywuta—Lagoon from a long time ago
	Sediment core collection and analysis

	Supplementary Materials
	This PDF file includes:

	REFERENCES AND NOTES
	Acknowledgments


