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Humans undertake land management and care of landscapes to maintain

safe, healthy, productive and predictable environments. Often, this is achieved

through creating spatial and temporal heterogeneity in a way that leverages the

natural world; both amplifying natural trends and, in some cases, driving shifts

counter to natural processes. However, a persistent paradigm governing the

understanding of proxy evidence of past human activity on the environment is

that human agency is only recognized in proxy data when trends oppose what

are expected to occur naturally. Framing research in such a way ignores the

fact that people have, continue to, and will always leverage the environment

in ways that both compliment and diverge from “natural” trends. Doing so

masks, or erases, people from the histories of their territories and continues

to perpetuate myths such as “wild” and “wilderness”, particularly in places

that have in fact been shaped and maintained by people for long periods of

time. Here, we synthesize geographical, dendrochronological, palaeoecological,

archaeological and palaeoclimatic data to demonstrate how Palawa people

(Tasmanian Aboriginal people) in Lutruwita (now known as Tasmania, southeast

Australia) leveraged climatic change to convert unproductive forest vegetation

to open forest and grassland to support higher occupation levels. The fine-

scale heterogeneity we have identified reflects the diversity of ways in which,

and the spatial scale that, the Palawa engage with their land. We caution against

adopting coarse spatial scale (i.e., continental, regional, etc.) methodologies to

reconstruct the influence of past societies over landscape evolution as they

assume homogeneity of human cultures and of human influence on landscapes.

We also reinforce calls for those researching past landscape change to abandon

tropes of human agency acting only in opposition to the natural world. Such

approaches are couched within a narrow cultural understanding of human-

environment interactions and result in the erasure of Indigenous and local

peoples’ role in maintaining healthy, biodiverse and safe landscapes.

KEYWORDS

Indigenous Australia, cultural landscapes, fire, dendrochronology, palaeoecology,

Tasmania

Frontiers in Environmental Archaeology 01 frontiersin.org

https://www.frontiersin.org/journals/environmental-archaeology
https://www.frontiersin.org/journals/environmental-archaeology#editorial-board
https://www.frontiersin.org/journals/environmental-archaeology#editorial-board
https://www.frontiersin.org/journals/environmental-archaeology#editorial-board
https://www.frontiersin.org/journals/environmental-archaeology#editorial-board
https://doi.org/10.3389/fearc.2024.1386339
http://crossmark.crossref.org/dialog/?doi=10.3389/fearc.2024.1386339&domain=pdf&date_stamp=2024-07-05
mailto:michael.fletcher@unimelb.edu.au
https://doi.org/10.3389/fearc.2024.1386339
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fearc.2024.1386339/full
https://www.frontiersin.org/journals/environmental-archaeology
https://www.frontiersin.org


Fletcher et al. 10.3389/fearc.2024.1386339

1 Introduction

Humans undertake land care and management to maintain
safe, healthy, productive, and predictable environments (Oetelaar
and Meyer, 2006; Mercuri et al., 2012; Larson et al., 2021; Stoeckl
et al., 2021). Prior to the advent of industrial-scale agriculture,
this was most often achieved by creating spatial and temporal
heterogeneity around us by using fire in ways that leveraged the
natural world, both amplifying natural trends and, in some cases,
driving shifts counter to natural processes (Bowman et al., 2009;
McWethy et al., 2010; Roos et al., 2018, 2022). Fire acts to disturb
vegetation succession (Bowman and Jackson, 1981; Scheffer et al.,
2001; Folke et al., 2004; Wood and Bowman, 2012), such that the
skillful manipulation of fire regimes can produce a diverse and
productive local environment that provides a range of resources for
people within close proximity (Russell-Smith et al., 1997; Bowman
et al., 2011; Scherjon et al., 2015; Greenwood et al., 2021; Roos et al.,
2021, 2022). These fire skills are derived from a long history of
hominid evolution with fire that spans more than a million years
(Smith, 2007; Gowlett, 2010, 2016; Gowlett and Wrangham, 2013;
Stepka et al., 2022). Indeed, Homo sapiens owe many physiological
and psychological traits to our close relationship with fire, such
as our high cranial to body size ratio, the length of our digestive
tract, shape of our teeth and the capacity to explore and utilize
our increasing brain power by freeing us from the diurnal cycle
(Archibald et al., 2012; Dunbar, 2014; Shimelmitz et al., 2014;
Archibald, 2016; Thompson et al., 2021). We are, in many respects,
a fire organism.

Despite the long reciprocal relationship between humans and
fire (Smith, 2007; Pausas and Keeley, 2009; Bowman et al., 2011;
Gowlett, 2016), a persistent paradigm governing the interpretation
of proxy evidence of past fire activity is that human agency over fire
activity is only recognized when trends in proxies oppose what is
expected “naturally” (i.e., in response to non-human drivers) (e.g.,
Lynch et al., 2007; Marlon et al., 2008, 2012; Mooney et al., 2011;
McWethy et al., 2013; Iglesias and Whitlock, 2014; Williams et al.,
2015). Framing research in such a way ignores the fact that people
have, continue to, and will always act in ways that can compliment,
amplify and/or diverge from what would be expected “naturally”
(Holz and Veblen, 2011; Coughlan et al., 2018; Roos et al., 2019;
Roos, 2020). In lightning fire prone landscapes such as Australia
(Dowdy, 2020), where wildfires are increasing in frequency and
intensity (Tran et al., 2020; Fletcher et al., 2021c; Richardson et al.,
2022), where the vegetation evolved with fire before the arrival of
humans (Hill, 2004; Bowman et al., 2012) and where interannual
climate variations control fire activity (Mariani and Fletcher, 2016;
Mariani et al., 2016; Adeleye et al., 2021), it is particularly important
to understand the human and non-human influences over fire
(Swetnam et al., 2016; Taylor et al., 2016; Coughlan et al., 2018;
Carter et al., 2021).

Failing to understand how people use fire in such landscapes,
and how that use drives long-term environmental change (Power
et al., 2018), can result in false assertions that, for example, people
had no impact on fire regimes (e.g., Horton, 2000; Lynch et al.,
2007; Mooney et al., 2011; Williams et al., 2015). Such narratives
erase human agency and can promote approaches to managing
fire that can increase the frequency, and worsen the impact, of

wildfires (Fletcher et al., 2021c). Gaining an understanding of the
drivers of environmental change represented in proxy data requires
a thorough and appropriately scaled understanding of relevant
human and non-human drivers of change (Power et al., 2018;
Romano and Fletcher, 2018; Roos et al., 2019; Roos, 2020). Scale
is critical, as a mismatch between the spatial and temporal scale of
proxy data, and the potential drivers against which that data is being
compared, can lead to false conclusions and assertions (e.g., Marlon
et al., 2008, 2012; Mooney et al., 2011; McWethy et al., 2013; Iglesias
and Whitlock, 2014; Williams et al., 2015).

Here, we synthesize local-scale geographical,
dendrochronological and palaeoecological data, and compare
that data with regional archaeological and palaeoclimate data
in an attempt to understand how Palawa people (Tasmanian
Aboriginal people, hereon referred to as Palawa) in Lutruwita
(now commonly called Tasmania) in southeast Australia (Figure 1)
drove environmental changes over the past 2000 years across an
area of heterogeneous local-scale geography. The study site, the
Vale of Belvoir, is a treeless grassy valley flanked to the northwest
and southeast by valley slopes that host a mosaic of forest
and grassland vegetation (Figure 1). We measure microclimate
variability, forest age differences and vegetation distribution
across the Vale. We also collected several sediment cores from
across the Vale to understand local-scale differences in vegetation
and fire histories. We interpret our results through the lens
of what is known of Palawa fire use, regional palaeoclimate
and fire data, and regional archaeological trends. Using the
Vale of Belvoir as a case study, we specifically ask: (1) What
are the underlying factors determining local-and regional-scale
landscape heterogeneity; (2) How does do people interact with
local-scale environmental variability through time; and (3)
How can this knowledge inform our approach to studies in
human-environment interactions?

2 Study site

The Vale of Belvoir is a subalpine valley in northwest
Tasmania (41◦32′22′′S, 145◦53′16′′E; ∼820m a.s.l.) (Figure 1).
The climate is cool and superhumid, characteristic of its
location within the mountain ranges that bisect Tasmania from
the northwest to the southeast. Moist westerly winds deliver
rainfall to the region, which averages 2,353mm per year (1995–
2023 data from the nearest meteorological station at Cradle
Mountain Visitor’s Center; no. 96077; 41◦36′0′′S, 145◦55′48′′E;
810m a.s.l.; 5.2 km southeast of the Vale) (Bureau of Meteorology,
2024). Mean seasonal temperatures in western Tasmania range
between 5 and 7◦C in winter and 14 and 16◦C in summer
(Bureau of Meteorology, 2019).

The valley extends in a northeast-southwest direction across
approximately 20 km2. The local geology comprises of Tertiary
basaltic volcanics underlain by Ordovician limestone and areas
of Quaternary glacial deposits (Brown et al., 2021). Drainage is
bi-directional; flowing northwards via the Lea River toward the
Bass Strait and southwards via the Vale River into the Pieman River
to the west coast. Vegetation across the Vale floor is dominated
by rare and endangered treeless subalpine communities on basalt
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FIGURE 1

Map of study site: (A) map of Australia with black square indicating Tasmania; (B) Tasmania overlain by average annual rainfall isohyets showing the

orographic rainfall gradient across the island and location of the Vale of Belvoir (yellow triangle) (data from Land Tasmania, 2022); (C) Tasmania

overlain with 10m contours and location of the Vale of Belvoir (yellow triangle) (data from Land Tasmania, 2022); (D) Typical buttongrass moorland

and Nothofagus cunninghamii rainforest boundaries across the Vale of Belvoir (photo credit: Michael-Shawn Fletcher); (E) Buttongrass moorland

vegetation and pockets of Eucalyptus spp. looking toward Lake Lea in the Vale of Belvoir (photo credit: Michael-Shawn Fletcher). For interpretation of

the references to color in this figure legend, the reader is referred to the web version of this article.

and limestone geology; highland Poa spp. tussock grassland
and highland sedgy grassland (dominated by Poa gunnii and
P. labillardierei), and subalpine Diplarrena latifolia rushland
(Kitchener and Harris, 2013; Land Tasmania, 2022). Almost
pure Gymnoschoenus sphaerocephalus Buttongrass Moorland
forms on the nutrient poor and waterlogged areas underlain by
Quaternary glacial deposits (Kitchener and Harris, 2013). The
Vale has experienced extensive summer cattle grazing since the
1850s (Cubit, 1996) and in 2008, the Tasmanian Land Conservancy
purchased the Vale of Belvoir, continuing summer cattle grazing
in certain areas under lease (Tengia et al., 2016). The slopes of
the Vale are dominated by patches of wet and dry Eucalypt-
dominant forest and woodland, and discrete patches of Nothofagus
cunninghamii-dominant rainforest. While able to regenerate
following infrequent fire (Hill, 1982; Hill and Read, 1984; Prior
et al., 2018), N. cunninghamii is generally fire-intolerant and
stands are susceptible to complete mortality post-fire (Howard,
1973).

2.1 Palawa fire use

Palawa people have thrived in a dynamic island environment
for more than 40,000 years (Cosgrove, 1990; Lehman, 2001;
Fletcher and Thomas, 2010b; Cosgrove et al., 2014; Mariani et al.,
2017; Romano and Fletcher, 2018; Fletcher et al., 2021a; Roberts
et al., 2021). Their deep understanding and skillful manipulation
of fire were central to their human ecology, shaping not only
their survival, but also the very landscape they inhabited (Thomas
and Kirkpatrick, 1996; Bowman, 1998; Gott, 2002; Fletcher et al.,
2014, 2021a; Mariani et al., 2017; McWethy et al., 2017; Romano
and Fletcher, 2018; Cooley et al., 2024). The unfortunate reality
that Tasmania was declared “Aboriginal free” by 1836 (Lehman,
2001; Madley, 2008; Lawson, 2014; Brodie, 2017) means that an
academic understanding of the human ecology of Palawa must
principally rely on the ethnohistorical record that is often written
by blinkered and biased Europeans who had long-cast Palawa as
the lowest and “rudest type of man” (Gott, 2002, p. 652). Thomas
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(1992) compiled hundreds of accounts of Palawa fire use across
almost every environment in Tasmania from ethnohistoric reports,
concluding that, while the ethnohistoric record cannot be used to
understand fire frequency or intensity with any great reliability, it is
clear that fire was fundamental to the spiritual and economic lives
of Palawa people.

Tasmania hosts diverse ecosystems, ranging from rainforests,
through to temperate Eucalypt forests, grasslands and coastal
regions (Kitchener and Harris, 2013). Palawa fire was essential
in the creation and maintenance of the Tasmanian vegetation
landscape, so much so that the distribution of Tasmanian
vegetation can only be accounted for with an understanding of
Palawa fire use (Brown and Podger, 1982; Bowman, 1998;Marsden-
Smedley, 1998; Jackson, 1999; Fletcher and Thomas, 2010b;Mariani
et al., 2017; McWethy et al., 2017; Adeleye et al., 2022; Henríquez
et al., 2023; Cooley et al., 2024). Archaeological evidence points
to a Late Pleistocene economy centered on the seasonal (summer)
exploitation of wallaby and wombat drawn to inland glacial
grasslands (Cosgrove, 1995; Pike-Tay et al., 2008; Roberts et al.,
2021). While this Late Pleistocene economic model, proposed to
describe the archaeological sequence of Tasmania’s west, does not
directly refence the “off-site” (i.e., wider local landscape) use of fire
by Palawa (Cosgrove et al., 1990; Cosgrove, 1995), it is clear that
Palawa were using fire to care for andmanage their land at this time
(Fletcher and Thomas, 2010a,b; Mariani et al., 2017; Henríquez
et al., 2023; Cooley et al., 2024; Fletcher et al., in press). Fletcher
and Thomas (2010a,b), Fletcher et al. (in press), and Henríquez
et al. (2023) argue that Palawa attempted to maintain the open
landscapes they first encountered 40,000 years ago by using fire.
This use of fire by Palawa resulted in the failure of rainforest to
recapture the landscape, as it had done repeatedly at the end of
glacial phases prior to human arrival (Cooley et al., 2024). Instead,
the most recent landscape of Tasmania’s west became dominated by
open vegetation reliant on fire application for the first time during
an interglacial because of Palawa fire use (Fletcher and Thomas,
2010b).

In the east of Tasmania, regular burning by Palawa created
the highly valued open forests and grasslands of the Midlands
that were readily taken by settler farmers for grazing following the
dispossession of Palawa (Ellis, 1985; Fensham, 1989; Thomas, 1992;
Gammage, 2008). In the west, particularly the northwest—in the
region of our study site—mid to high altitude (montane) Poa spp.
grasslands exist where rainforest is typically the ecological climax
vegetation (Ellis, 1985; Bowman et al., 2013; Kitchener and Harris,
2013; Fletcher et al., 2021a). Removal of Palawa burning by 1836
resulted in the loss of most of these grasslands to trees (Lehman,
2001; Gammage, 2008; Bowman et al., 2013; Fletcher et al., 2021a).
Indeed, the renown botanist Roanld Gunn noted in 1860 (<30
years following the removal of Palawa from the region) that “a very
considerable extent of the Surrey Hills [adjacent to our study site]
is also becoming rapidly covered with forests of young Eucalypti... It

was the same lower down the Leven and on the Hampshire Hills”
(Rolls, 1999, p. 200). The effects of Palawa cultural burning on
the vegetation of the northwest montane grassland-forest mosaic is
one of key examples employed by archaeologist Jones (1969) in his
seminal paper titled: Fire-Stick Farming—one of, if not the, most
important academic assessments of the fire practices of Aboriginal

people in Australia. In his groundbreaking work, Jones (1969)
highlights the key role that Aboriginal fire use had in shaping the
vegetation landscape of Australia. A fact captured by the notable
surveyor Major Thomas Mitchell in 1848:

“Fire, grass, kangaroos, and human inhabitants seem all

dependant on each other for existence in Australia. . . Fire is

necessary to burn the grass and form those open forests, in which

we find the large forest kangaroo; the native applies that fire to

the grass at certain seasons, in order that a young green crop

may subsequently spring up and so attract and enable him to

kill or take the kangaroo with nets. In summer, the burning of the

long grass also discloses vermin, birds’ nests, etc., on which the

females and the children who chiefly burn the grass, feed. But for

this simple process, the Australian woods had probably contained

as thick a jungle as those of New Zealand or America instead of

open forests” (Jones, 1969, p. 6).

Additionally, ethnohistorical records also highlight the
influence of Palawa cultural burning on mammals. Henry
Hellyer, a British Surveyor who made detailed observations of the
grasslands around the Vale of Belvoir, noted in 1828 that Palawa
burning had created “a cultivated and diversified appearance and

from its having being lately burnt in several extensive tracts, looking

fresh and green in those places” (Thomas, 1992, p. 90). Hellyer went
on to note that they “captured 3 remarkably fine kangaroo on the

burnt ground close by, and the men declared on dissecting them

that they had never seen any so fat before, which circumstance leads

me to think there is something peculiar to this spot which causes

the kangaroo to become so fat, and that the natives burn it off as

they are aware of its qualities” (Thomas, 1992, p. 90). Moreover,
the region’s biodiversity of the land was dependent on Palawa
cultural fire, with a positive correlation observed between fire
and grassland diversity (particularly in the northwest) (Gilfedder,
1995). The dependency of Australian biodiversity on Aboriginal
cultural fire has been reported elsewhere in Australia (e.g., Bird
et al., 2004, 2005, 2016; Bliege Bird et al., 2020; Kelly et al., 2020),
reflecting the deep and continuing relationship that Aboriginal
people have had with Country for more than 40,000 years. The
loss of Aboriginal cultural burning across Australia (including
Tasmania) has seen an invasion by trees into grasslands (Rolls,
1981, 1999; Fletcher et al., 2021a; Mariani et al., 2021) and changes
in species composition that threatens a huge component of
Australia’s biodiversity (McIntyre and Lavorel, 1994; Kirkpatrick,
1995; Rolls, 1999; Lunt, 2005; Williams and Morgan, 2015; Murphy
and Leeuwen, 2021), further demonstrating the ubiquitous role
of Aboriginal fire in creating, shaping and maintaining biodiverse
Australian (and Tasmanian) environments.

Palawa fire use played (and continues to play) a central
role in Palawa social and cultural spheres, extending beyond

simply manipulating the environment for resource acquisition
(Lehman, 2001; O’Kane et al., 2019). Burning was used for (among
many other purposes) signaling, creating ceremonial grounds,
cremations and crafting implements through fire hardening (Rose,
1996; Lehman, 2001; Aboriginal Heritage Tasmania, 2023). Palawa
deliberately set fire to Country to produce (and protect) the type of
Country that they wanted and that they were required to because
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of their relationship and obligation to Country (Lehman, 2001).
Their spiritual connection to the land encompasses fire as well,
with stories and rituals reflecting the significance of fire in their
lives, highlighting the role of fire in shaping both the environment
and their culture (Rose, 1996; Lehman, 2001; Aboriginal Heritage
Tasmania, 2023). It is, thus, clear from the ethnohistorical record
from Tasmania, along with Traditional Knowledge, ecological,
anthropological, archaeological and geographical research from
across Tasmania and Australia that Palawa (and all Aboriginal) fire
use was a skilled, systematic, complex, nuanced and multi-faceted
practice that was (and continues to be) central to their lifeways,
and designed to fulfill a range of spiritual, pragmatic and economic
objectives (Lehman, 2001; Bird et al., 2008; Gammage, 2011; David
et al., 2024).

3 Materials and methods

For this study we: (1) conducted vegetation analysis using
geographic information systems (GIS); (2) collected tree cores
from N. cunninghamii trees and; (3) collected sediment cores
from across the dendrochronological transects. These cores were
analyzed for pollen and charcoal to investigate changes in Palawa
management pre- and post-British Invasion (ca. 1803). All selection
of the results are presented as either violin plots or split
violin plots (combining box-and-whisker plots with probability
densities) using the R package ggplot2 v.3.4.1 (Wickham, 2016) and
introdataviz v.0.0.0.9003 (Nordmann et al., 2022).

3.1 Vegetation mapping and analysis

ASTER Global Digital Elevation Map (GDEM) (90m
resolution) (Robinson et al., 2014) and TASVEG 4.0 vector data
(collected and supplied by the (Tasmanian) Department of Primary
Industries, Parks, Water and Environment) were imported into
ArcMap 10.3.1 and clipped to the Vale’s extent (based on aerial
imagery) (Figure 2A). Aspect data were calculated from the Aster
GDEM and reassigned into four categorical variables: “north,”
“south,” “east,” and “west.” TASVEG 4.0 vegetation data were
also reclassified into two category types (based on forest type and
dominant genera) to identify and isolate the vegetation of interest:
“Nothofagus” and “Eucalyptus”. Non-assigned data (i.e., non-forest
vegetation identified in the TASVEG 4.0 dataset) were removed
from the analysis. Reclassified aspect data were then extracted and
appended to the new vegetation attribute data using the “value-to-
point” function in ArcMap 10.3.1. Ground-truthing of vegetation
data was conducted in June 2016. Chi-squared significance tests
(p < 0.001) were performed on the verified vegetation and aspect
data to determine if a relationship between aspect and forest type
exists at this site.

3.2 Microclimate data collection

Twenty Hygrochron Temperature & Humidity loggers
(DS1923-F5) (iButtons) were deployed in seven locations

within the Vale (Figure 2B) to capture fine-scale variations in
microclimate across the valley. In addition to being influenced by
macroclimatic conditions, such as prevailing winds and average
rainfall, microclimate is also affected by the influence of elevation,
slope and aspect on local rainfall, wind strength and speed,
insolation, cold air pooling, evapotranspiration, tree canopy cover,
species composition, and water-source proximity and availability
(Dobrowski, 2011). iButton locations were selected within a
variety of topographic (elevation and aspect) and vegetation
type (canopy cover and species composition) conditions (see
Figure 2B). Two/three loggers were installed at each location to test
the effect of shielding on the accuracy of the sensors. For further
details of all loggers installed (and their precise locations) see
Supplementary Table S1. Temperature and relative humidity data
were collected every hour from the 28th October 2017 to 17th April
2018 (171 days) (encompassing the “fire season” in Tasmania).

Of the 20 iButton loggers deployed, 10 successfully yielded
data. Loggers that failed were either located in open grassland,
deployed without a shield, or may have been compromised
by local fauna and/or extremes in temperature or humidity
(Supplementary Table S1). Recovered data were downloaded and
collated into vegetation type (open grassland, forest, heathland)
and aspect [southeast (SE)- and northwest (NW)-facing] groups
and averaged across each time-step for each climate variable.
Final time-series data were analyzed using a two-sample t-test
(assuming unequal variances) to determine significant difference
(p < 0.05) between pairings of vegetation and aspect groups
(Supplementary Table S2). Analyses were performed on both the
full logged datasets and a subset of Tasmania’s fire season
(November 1st 2017 to 31st March 2018).

3.3 Tree establishment

Tree establishment and dendrochronological analyses are
widely used for investigations of disturbance dynamics in the
absence of long-term historical records of forest composition
and structural change (Ogden, 1978; Simkin and Baker, 2008;
O’Donnell et al., 2010; Liebmann et al., 2016; Holz et al.,
2020; Larson et al., 2021; Roos et al., 2021, 2022). Nothofagus
cunninghamii produces reliable, annual growth rings and has
been successfully used to understand forest demography (i.e., tree
establishment) in both Tasmania (Read and Hill, 1985; Wood et al.,
2010; Fletcher et al., 2021a) and Victoria (Simkin and Baker, 2008)
and across other southern latitudes (Norton, 1984; Norton and
Ogden, 1987; Lara et al., 2001; Venegas-González et al., 2018).

The establishment ages of trees were determined along transects
from rainforest-grassland boundaries through to N. cunninghamii-
dominant rainforest patches on each side of the Vale (northwest
facing and southeast facing) (see Figures 2B, C). A third sample
location was placed opportunistically around an anomalously large
[diameter at breast height (dbh) 129.8 cm], relative to other trees
within this forest patch (average dbh 7.8 cm), fire-scarred N.

cunninghamii located within rainforest on the northwest-facing
slope of the Vale. While this tree was too damaged to warrant
sampling, we sampled within a 50m radius around this fire-scarred
tree to assess the age structure of what we assumed to be the
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FIGURE 2

Summary of the datasets collected and analyzed for this study. (A) Map of Tasmania with the yellow triangle indicating the Vale of Belvoir study site;

(B) map of the dominant vegetation groups of the Vale of Belvoir study area (data derived from TASVEG 4.0 avaliable from Land Tasmania, 2022) and

locations of the iButton loggers and sediment core sites; (C) map of the results of the vegetation analysis isolating “Nothofagus” and “Eucalyptus”, pie

chart inserts summarize percent forest and vegetation type according to aspect; (D) results of temperature data from southeast (green) and

northwest (orange) iButton loggers presented as violin plots with degrees Celsius on the y-axis; (E) results of humidity data from southeast (green)

and northwest (orange) iButton loggers presented as violin plots with percent humidity on the y-axis; (F) results of grassland sediment core sites

response pre- (yellow) and post- (orange) a “fire event” on both the southeast and northwest facing aspects of our study area presented as split violin

plots showing an increase in grass after a fire on the northwest facing aspects (G) results of forest sediment core sites response pre- (green) and

post- (blue) a “fire event” on both the southeast and northwest facing aspects of our study area presented as split violin plots showing a decrease in

forest after a fire on the northwest facing aspects (H) tree demography results from our study area presented as violin plots with establishment year

on the y-axis. For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.

smaller post-fire regeneration cohorts (based on the assumption
that this species has a high mortality to catastrophic fire but can
regenerate in the absence of subsequent disturbance) (Hill, 1982;
Hill and Read, 1984; Prior et al., 2018). Two tree cores (taken
at right angles) were extracted as close to the base of the tree
as possible (e.g., ∼40 cm) to capture the earliest years of growth
(i.e., to capture the central ring) from each N. cunninghamii

using a Haglof increment borer. Trees were selected using random
stratified sampling (Simkin and Baker, 2008). The closest tree to
the transect line was sampled continuously along the transect from
N. cunninghamii dominated rainforest to rainforest-grassland edge.
A total of 298 trees were counted from the three transects and
included in this study as they reached the center of the tree. To
obtain the most accurate establishment dates possible, tree cores
were taken at or near the root crown. Cores were mounted, dried,
and sanded prior to analysis using progressively finer grades of
sandpaper (from 120 to 600 grit). Tree rings from individual tree

cores were counted under an Olympus SZ51 dissecting microscope
marking every 10th, 50th, and 100th ring. The number of tree rings
counted in each core was assumed to represent the number of
calendar years since the tree established (Simkin and Baker, 2008).
The ages represent the time at which the trees reached sampling
height and not the exact year of establishment (here this within 3–5
years of a seed’s germination).

3.4 Coring and chronology

Sediment cores were retrieved from various locations along
the base of the northwest and southeast facing slopes within the
Vale (see Figure 2B; Table 1). Cores were extracted using a D-
section peat sampler (Jowsey, 1966). Sediment coring locations
were dictated by the availability of wetlands and other sediment
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TABLE 1 Details of the sediment cores used in this study.

Site Sediment
depth (cm)

Age range
(cal yrs BP)

Latitude
longitude

Extant
vegetation

Distance and
direction from
forest-grassland
boundary

Closest
forest
aspect

Site notes

PAL0203 26 N/A 41◦33′5.12′′S
145◦53′18.55′′E

Grassland 5-m East NW Grassland pool near
boundary

PAL0301 27 N/A 41◦31′30.25′′S
145◦53′17.26′′E

Rainforest 5-m East SE Rainforest bog near
boundary

PAL0302 146 N/A 41◦31′30.61′′S
145◦53′17.37′′E

Shrub layer Boundary SE Bog at boundary

PAL0303 33 N/A 41◦31′32.18′′S
145◦53′16.74′′E

Grassland 15-mWest SE Grassland pool

PAL0404 144 −66 to 1,944 41◦31′8.37′′S
145◦54′36.54′′E

Grassland 30-m East NW Grassland pool

VOBF 132 −66 to 2,413 41◦30′56.31′′S
145◦54′7.91′′E

Rainforest Inside SE Rainforest bog/pool
in core of patch

sinks. PAL0301-0303 represent a transect of very small (<2m
across) bogs located across the rainforest-grassland boundary of
the southeast-facing rainforest patch sampled for this study (see
Section 3.3) (Figure 5B): PAL0301 (5m inside the rainforest),
PAL0302 (at the rainforest-grassland boundary), PAL0303 (15m
outside the rainforest in grassland). PAL0404 was extracted from an
ephemeral pool (30m diameter) located 25m outside of a rainforest
patch on the northwest-facing side of the Vale. PAL0203 was a small
(5m diameter) ephemeral pool located 5m outside of a rainforest
patch on the northwest-facing side of the Vale. VOBF core was
extracted in the relative center of a N. cunninghamii rainforest
patch on the southeast-facing slope of the Vale (Figure 2B).

Seven radiocarbon dates were obtained and analyzed (four
bulk sediment samples from PAL0404 and three bulk sediment
samples from VOBF) (Table 3) at the DirectAMS 14C laboratory
(Bothell, WA, USA). Raw radiocarbon ages were calibrated with
the Southern Hemisphere calibration curve: SHCal20 (Hogg et al.,
2020). A Bayesian age-depth model was developed in R v.4.2.3 (R
Core Team, 2023) using the Bacon v.2.3.3 package (Blaauw and
Christen, 2013) for PAL0404 andVOBF using default priors of 20 yr
cm−1 and 1.5 formean deposition time and shape. For this study we
focus on the results from the two dated cores: PAL0404 and VOBF,
with the other cores presented in Supplementary Figure S1.

3.5 Pollen and charcoal

We took 0.5 cm3 sediment samples from 1-cm thick sections
at various intervals depending on the depth of the core for pollen
analysis and processed following an adapted standard methodology
(Faegri and Iversen, 1989). A minimum of 150 terrestrial pollen
grains were identified per sample using a bright field objective
at 400x magnification. Percentages were determined using the
terrestrial pollen sum. Aquatic and spore pollen percentages were
calculated from the supersum including all pollen and spores.
Macroscopic charcoal was sampled (1.25 cm3) and processed at
various intervals depending on the depth of the core using standard
protocols (Whitlock and Larsen, 2001). Samples were digested with

10% hydrogen peroxide (H2O2), sieved using 125 and 250µm
mesh diameter and counted under a microscope. To understand
broad changes in fire activity, irrespective of charcoal particle size
and/or morphology, we calculated charcoal accumulation rates
(CHAR, particles cm−2 yr−1) from charcoal counts using the
results of the age-depth modeling for each dated core (P0404 and
VOBF). To analyse the responses of forests and grasslands pre- and
post- a “fire event” on both the southeast and northwest facing
aspects of our study area, Eucalyptus spp. and N. cunninghamii

pollen percentages from each core (see above) were summed to
represent “Forest” and compared against the responses of Poaceae
(representing grass). A “fire event” was deemed as the point of
increase in each CHAR datasets. Forest and grass pollen percent
datasets were then split, respectively, into pre-fire event and post-
fire event.

3.6 Human activity estimates

To further highlight the influence of Palawa on the landscape
in our study area we analyzed and utilized the limited Tasmanian
archaeological radiocarbon record. Well-dated late Holocene
archaeological sites are scarce in the study region and we rely
on time-series radiocarbon data as a proxy for human activity
(Peros et al., 2010; Ward and Larcombe, 2021). We acknowledge
the limitations here of temporal distributions of past human
archaeological activity (derived from radiocarbon data) primarily
being affected by: (1) taphonomic biases (e.g., sedimentology,
physical weathering, and erosion) and; (2) archaeological sampling
and site formation processes (e.g., the natural and cultural forces
that create an archaeological site) (Ward and Larcombe, 2021).
For instance, in our study region, archaeological research is not
evenly distributed nor are there expansive published records of
sites identified within the time periods discussed in this paper. It
is imperative to state that it cannot be concluded that areas and/or
time periods without dates are devoid of human occupation/care
for Country (the statement “absence of evidence is not evidence
of absence” is particularly pertinent here). Our study region has
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TABLE 2 Vegetation analysis results.

Forest type NW aspect
(counts)

SE aspect
(counts)

Chi value Degrees of
freedom

Critical chi value (p
< 0.001)

Nothofagus 1,910 2,048 320.27 1 10.83

Eucalyptus 3,855 1,951

Table includes GIS grid counts, coded for forest type and aspect, extracted from ArcMap 10.3.1. Table also includes the results and workings of the chi-squared test.

been subject to very little to no systematic and/or thorough
archaeological investigation (Cosgrove, 1990). Research almost
exclusively has focused on coastal or cave sites with researchers
erroneously suggesting that Palawa people were confined to
the coast and rarely ventured inland in the northwest (Jones,
1966, 1971; Ryan, 1981; Cosgrove, 1990, 1999; Bowern, 2012;
Cosgrove et al., 2014); although some studies have demonstrated
archaeologically inland and highland occupation (mostly based
on surveying i.e., without radiocarbon dates) (Cosgrove, 1984a,b,
1990). It is our intent here to provide the most comprehensive
dataset on human activity available to date to help inform our data,
it is not designed to provide a statistically robust estimate of human
population dynamics for the region.

Here we contextualize inferred human archaeological activity
with local geography and local-scale palaeo-environmental data
to highlight the role of people (rather than relying on this
dataset alone). Radiocarbon data were derived from the OCTOPUS
Database v.2 (Saktura et al., 2021, 2023), selecting archaeological
sites within northwest Tasmania [the “King,” “Tasmanian Central
Highlands,” “Tasmania West,” and “Tasmanian Northern Slopes”
Interim Biogeographic Regionalisation for Australia (IBRA)
regions] (Supplementary Table S3; Supplementary Figure S2). This
geographic constraint was employed to provide a representative
subsample of the Tasmanian archaeological dataset from the
northwest bioregion (sensu Romano and Fletcher, 2018). We
removed radiocarbon dates based on marine samples (e.g., shells)
that might be potentially affected by a reservoir effect [−123 ±

30 for molluscs (Ulm et al., 2023)]. The final sample size within
the regions selected used for the analysis was 49 radiocarbon
dates from 18 sites (Supplementary Table S3). Radiocarbon data
was calibrated with SHCal20 (Hogg et al., 2020) using OxCal
4.4 (Ramsey, 2001) to obtain a weighted average value for each
radiocarbon date (within 95.4% confidence) (Telford et al., 2004).
To reduce the effect of “ascertainment” or “wealth” bias, calibrated
dates were then “data binned” into 200-year intervals using R

v.4.2.3 (R Core Team, 2023) based on the clustering of the weighted
average calibrated dates to extract the main trends in the data
and to equally weigh each site phase (Shennan et al., 2013; Kerr
and McCormick, 2014; Timpson et al., 2014; Crema et al., 2016).
Open sites within the dataset were corrected for taphonomic
bias following the model outlined by Surovell et al. (2009) and
applied following the methods in Peros et al. (2010). To estimate
past human archaeological activity, the annual percentage growth
rate (GRAnn) equation was applied to the resulting dataset (Peros
et al., 2010; Romano and Fletcher, 2018; Friman and Lagerås,
2022).

Here we acknowledge the limitations of using a small dataset
and the inability to successfully run more current approaches to
human demography (see discussion in Supplementary material).

However, we do not intend to interpret our results as “population
size” but rather as processes of fission, fusion and diffusion; as shifts
between localized and dispersed patterns of care for Country and
intensity of occupation (Bevan et al., 2017; Bevan and Crema, 2021;
Seidensticker et al., 2021; Tallavaara and Jørgensen, 2021; Crema,
2022).

4 Results

4.1 Vegetation mapping

Vegetation mapping of the Vale of Belvoir shows that forest
vegetation accounts for 36.3% of the southeast-facing slopes of
which 51.2% is Nothofagus-dominated rainforest (Figure 2C). On
the other hand, northwest-facing slopes exhibit higher proportion
of forest (63.7%), however only 33.1% is classified as Nothofagus-
dominated rainforest (Figure 2C). Chi-square testing revealed a
significant relationship between the proportion of rainforest and
aspect (Table 2).

4.2 Microclimate

We recovered temperature and relative humidity data recorded
during the fire season (NDJFM) from selected shielded loggers
(E009, S-Trap017, L012, W003, W018) deployed in the Vale of
Belvoir. Mean temperature and relative humidity measured in sites
on the NW facing slopes are 10.9◦C (min. −2.5◦C, max. 29.1◦C)
and 91.7% (min. 27.6%, max. 107.1%), respectively. Sites on the SE
facing slopes showmean temperature of 11.0◦C (min.−2.6◦C,max.
28.2◦C) and mean relative humidity of 93.1% (min. 33.4%, max.
108.2%). We detected no significant difference (p > 0.05, using
two-tailed homoscedastic t-test on 3,624measurements in Excel) in
temperature measurements between SE and NW facing slopes sites
(Supplementary Table S2). We detected significant difference (p <

0.05, using two-tailed homoscedastic t-test on 3,624 measurements
in Excel) in relative humidity between sites on NW and SE facing
slopes (Supplementary Table S2), irrespective of the time-series
analyzed. On average, humidity is significantly higher within forests
on SE-facing slopes, with aspect exerting the greatest influence on
average minimum humidity levels (27.6% on NW-facing compared
to 33.4% on SE-facing slopes).

We also detected, for most sites, significant differences (p <

0.05; using two-tailed homoscedastic t-test on 3,624 measurements
in Excel) in temperature and relative humidity between shielded
and non-shielded loggers at the same site, indicating that
shielding had a measurable effect on recorded microclimate
data (Supplementary Table S1). Only temperature values measured
within (20–35m inside) rainforest patches recorded no significant
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effect of shielding, consistent with studies that identify evergreen
tree cover as providing effective shielding (Lundquist and Huggett,
2008).

4.3 Tree establishment

We performed dendrochronological analysis of N.

cunninghamii trees along the SE- and NW-facing slopes in
the Vale of Belvoir (Figure 2B). Our results reveal that the
establishment year of N. cunninghamii trees over the SE-facing
slopes range from 1650 to 1950C.E, showing a rise in the number
of trees after the arrival of graziers in the region in 1850C.E. (from
37 trees pre-1850 to 71 trees post-1850) (Figures 2H, 3A). On
northwest-facing slopes, the majority of N. cunninghamii trees
established following the introduction of grazing in the Vale of
Belvoir and broader region, with very few trees (only 3 on the
NW-facing slopes pre-1850) pre-dating the British Invasion in
1788C.E. (only 2 pre-ca.1803 British settlement of Tasmania, with
187 post-1850) (Figures 2H, 3A).

4.4 Chronology

The sedimentary records from the sites PAL0404 and VOBF
have a total length of 144 and 132 cm, respectively. The chronology
of the PAL0404 site is constrained by 4 AMS radiocarbon dates
(Table 3), with an interpolated basal age of 1969 calibrated years
before present (cal yrs BP; present is defined as 1950) (Figure 4A)
indicating that the sediment record spans almost two millennia cal
yrs BP. The chronology of the VOBF site is constrained by 3 AMS
radiocarbon dates (Table 3), showing an interpolated basal date of
2977 cal yrs BP suggesting that the sediment cores cover the last
∼2500 cal yrs BP (Figure 4B).

4.5 Pollen and charcoal

Visual increases (i.e., peaks) in charcoal are generally coincident
with the introduction of exotic pastoral taxa (Rumex acetosella

and Plantago lanceolata) to the valley, suggesting that fire
activity recorded in PAL0203, PAL0301, and PAL0303 reflects
burning at the time when livestock were introduced to the Vale
(Supplementary Figure S1). On SE-facing slopes, where forest is
dominated byN. cunninghamii, records (PAL0301, PAL0303) show
that percentages ofN. cunninghamii have remained relatively stable
through the pre- and post-British Invasion. Interestingly, PAL0302
fails to record a charcoal signal in concert with the arrival of exotic
pollen types. This might relate to the location of this small bog
which was overtopped by shrubs (Richea spp.) on the boundary
between forest and grassland, and the failure of fire to burn that
location. In contrast, the fire events recorded at PAL0203 in the
NW-facing side of the Vale, is associated with dramatic changes in
vegetation—manifested principally as a fire-driven replacement of
Eucalypt-forest by grassland.

The two dated cores show visually similar trends throughout
the past ca. 1900 cal yrs BP (Figure 3C). Most notably, the period

between ca 2000 and 800 cal yrs BP is marked by the highest levels
of charcoal at each site (note VOBF accumulation rates are plotted
on log10 scale), with both sites recording maximum CHAR peaks
between this period (Figure 3B). Thereafter, both records are on a
generally decreasing trend with lower values between ca. 500 and
150 cal yrs BP (Figure 3C). CHAR increases between ca. 150 and
50 cal yrs BP in PAL0404 and begins to increase at ca. 100 cal yrs
BP in VOBF (Figure 3C) For our pollen data, we observe three
significant CONISS zones in PAL0404 and two in VOBF from the
percent terrestrial pollen taxa (Figure 5) (maximum percent values
presented in parentheses).

4.5.1 PAL0404 pollen
Zone 1 (∼1955–1340 cal yrs BP; 114–60 cm) of the northwest-

facing site, PAL0404, is dominated by Eucalyptus spp. (79.6%),
with Poaceae (37.8%) replacing N. cunninghamii (min: 9.1%)
(Figure 4A). In zone 2 (∼1340–740 cal yrs BP; 60–30 cm)
Eucalyptus spp. (min: 10%) is replaced by Poaceae (51.4%) and
Ericaceae (14.7%) (Figure 5A). In zone 3a (∼740–102 cal yrs
BP; 30–6 cm) Eucalyptus spp. (95%) becoming dominant again,
with decreases in Poaceae (1.9%) and Ericaceae (2%) (Figure 5A).
This is until introduced taxa appear in Zone 3b (∼102 cal
yrs BP–present; 6–0 cm) (ca. 1848 CE) where Eucalyptus spp.
reduce (20.4%) and Poaceae sharply increase (67.2%) (Figure 5A).
N. cunninghamii remains consistently present throughout zones
2 and 3a (36.3%), with a decrease in Zone 3b (10.6%)
(Figure 5A).

4.5.2 VOBF pollen
Zone 1 (∼1858–749 cal yrs BP; 77–25 cm) of the southeast-

facing site, VOBF, is dominated by Eucalyptus spp. (66%),
herbaceous grassland taxa: Poaceae (18.7%) and heathland taxa
Ericaceae (3.6%) (Figure 5B). Rainforest and fern taxa here
remain comparatively low (>30.5 and >13.4%, respectively)
(Figure 5B). In Zone 2a (∼749–74 cal yrs BP–present; 25–
10 cm) Eucalyptus spp. declines (24.8%), whilst rainforest
taxa all increase: N. cunninghamii (60.8%) and Phyllocladus

aspleniifolius (9.3%) alongside ferns (35.5%); herbaceous grassland
and heathland taxa also decline (both >4%) (Figure 5B).
When introduced taxa appear in Zone 2b (∼74 cal yrs BP–
present; 10–0 cm) (ca. 1876 CE) both rainforest taxa slightly
decline (51.7 and 6.8%, respectively) alongside Ericaceae
(1.4%) and Eucalyptus spp. and Poaceae increase (24.8 and 6,
respectively) with a further stepped increase in ferns (43.8%)
(Figure 5B).

4.6 Human activity estimates

The GRAnn estimate of the resulting archaeological radiocarbon
dataset for this study ranges between −0.4 and 0.6% over the
past ca. 2000 cal yrs BP. There are only two distinct positive
phases in the GRAnn: one at ca. 1800 cal yrs BP and another
between ca. 1000 and 600 cal yrs BP (Figure 3B). The bin-size
is 200 years; this value was selected as it is slightly larger than
double the median 14C error (91 years) for the entire dataset
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FIGURE 3

Results of dendrochronological, charcoal, and human estimate analyses. (A) Results of the tree demography across our study area with

establishment year on the x-axis presented as common era years (C.E.) and the number of trees on the y-axis for the three sites: southeast-facing

slopes, northwest-facing slopes, and northwest-facing slopes around the fire-scarred N. cunninghamii; (B) results of human activity estimates with

calibrated years before present (cal yrs BP) on the x-axis, GRAnn (foreground; black solid line) on the first y-axis and number of 14C dates

(background; gray bars) on the second y-axis; (C) results of macroscopic charcoal analyses presented as charcoal accumulation rates (CHAR, #

particles cm−2 yr−1) with calibrated years before present (cal yrs BP) on the x-axis and CHAR on the y-axis; note VOBF CHAR is presented on a log10
y-axis to highlight the main trends in the record.

TABLE 3 Radiocarbon dates from cores PAL0404 and VOBF.

Core Sample ID Depth (cm) 14C yr BP 1σ error 2σ range cal
yr BP

Median probability
cal yr BP

PAL0404 D-AMS 016574 19.5 519 19 499–533 515

PAL0404 D-AMS 016575 55.5 1398 21 1181–1305 1283

PAL0404 D-AMS 016576 83.5 1803 20 1592–1723 1649

PAL0404 D-AMS 016577 112.5 1980 22 1830–1988 1888

VOBF D-AMS 009021 21.5 772 26 570–724 671

VOBF D-AMS 008234 41.5 1261 19 1065–1258 1120

VOBF D-AMS 008233 81.5 2028 21 1889–1999 1954

Calibrations to years before present were performed using the southern hemisphere datasets SHCal20 included in CALIB 8.1.0.

(Supplementary Table S3). The first increase in the frequency
of dates beings ca. 1800 cal yrs BP decreasing slightly between
ca. 1400 and 1200 cal yrs BP (Figure 3B). There is another
phase of increased frequency between ca. 1000 and 600 cal
yrs BP, decreasing thereafter (Figure 3B) Over 98% of the
dates have errors of 200 years or less and 75% of the dates
have errors of 100 years or less (Supplementary Figure S3).
To maximize the sample size, we undertook all analyses
using the complete, unfiltered set of archaeological
radiocarbon dates.

5 Discussion

5.1 The influence of local-scale geography
on fire and vegetation

5.1.1 Vegetation distribution
Our data demonstrate that areas with a northwest (NW)

aspect are systematically drier than those with a southeast (SE)
aspect. Although the difference in measured subcanopy relative
humidity between forests on the NW and SE facing slopes is
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FIGURE 4

Bayesian age-depth model for core (A) PAL0404 and (B) VOBF. Modeling was performed using the rbacon package (Blaauw and Christen, 2013) in R.

Purple indicates calibrated ages ranges for each radiocarbon-dated sample; red dashed line indicates the “best” model output based on the mean

age for each depth; gray dashed line indicates 95% confidence intervals. Parameters and priors detailed in the top middle and top right plots for each

age model. For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.

small (Figures 2D, E), the importance of aspect over microclimate
has had a profound influence over the impact of fire on the
composition and long-term vegetation development in the local
area.While having an overall higher forest cover due to the available
area of suitable land (Figures 2B, C), fire adapted Eucalypt-
forest dominates the forest vegetation on the NW facing slope,
whereas the forested area on the SE facing slope is dominated by
fire-sensitive rainforest (Figures 2B, C). The mechanism driving
this local scale differentiation is disturbance by fire (Wood and
Bowman, 2012; Cadd et al., 2019; Fletcher et al., 2020). In the
absence of fire, rainforest is the ecological climax vegetation type
in this high rainfall region on any substrate (Jackson, 1965, 1968;
Bowman and Jackson, 1981; Fletcher et al., 2021a). North facing
slopes receive more solar exposure than south facing slopes in the
southern hemisphere, resulting in drier north-facing slopes relative
to south facing slopes (Binkley and Fisher, 2019). Drier regions
(e.g., north-facing slopes) experience either a higher fire frequency
and/or more intense fires than southerly slopes, given the negative
relationship between fuel moisture and flammability (Kirkpatrick
and Dickinson, 1984; Marsden-Smedley and Catchpole, 2001;
Bradstock et al., 2010; Wood et al., 2011; Wood and Bowman,
2012).

This interaction between aspect, topography, microclimate and
fire is the mechanism that governs the distribution of rainforest
across the high rainfall west of Tasmania today (Figure 1B)
(Jackson, 1968; Wood et al., 2011). In a regional analysis of the
distribution of rainforest in west and southwest Tasmania, Wood
et al. (2011) identify that steep, south facing slopes have a higher

probability of rainforest occurrence. This spatial pattern is driven
by the effects of microclimate on fuel moisture and fire (Bradstock
et al., 2010; Wood et al., 2010; Wood and Bowman, 2012). Wetter
microclimates inhibit fire, while topography can also impact the
spread of fire (Little et al., 2012; Sullivan et al., 2012; Leonard
et al., 2014). The dominant westerly airflow over the region renders
east-facing slopes more protected from fires fanned across the
landscape from the west (Wood et al., 2011). Our data presented
here are entirely consistent with the regional pattern identified by
Wood et al. (2011), demonstrating that interactions between local-
scale topography (i.e., topographic variation) and microclimate
(variations in moisture and humidity) play an important role in
the influence of fire and the distribution of forest at the local-scale
across this region.

5.1.2 Forest age structure
Our analysis of rainforest demography across the Vale, using

dendrochronology, demonstrates that rainforest growing on the
drier northwest facing slopes is younger than rainforest growing
on the wetter southeast facing slope (Figures 2H, 3A). The
age of all rainforest trees sampled on the northwest facing
slope post-date the British Invasion into the region (ca. 1820s)
(Figures 2H, 3A). In contrast, rainforest trees on the wetter
southeast slope are systematically older and demonstrate a
demography consistent with continual recruitment through the
pre-and post-British Invasion era (Figures 2H, 3A). Early settlers
were encouraged by the authorities to burn the Tasmanian
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FIGURE 5

Summary pollen diagrams for (A) PAL0404 and (B) VOBF by depth (cm) and age (cal yrs BP). Three significant zones were determined for PAL0404

and two significant zones were determined for VOBF using CONISS on the terrestrial pollen data. Terrestrial pollen abundance was summed into two

groups: trees & shrubs (green) and herbs (tan). Note the changes in x-scale (%). For interpretation of the references to color in this figure legend, the

reader is referred to the web version of this article.

landscape to remove forest and improve pastures, in stated
recognition of what Palawa were doing on their lands (Marsden-
Smedley, 1998). Burning by settlers was, as a result, widespread
across Tasmania and also mainland Australia in an attempt
to transform landscapes into more productive agricultural land
(Cubit, 1996; Marsden-Smedley, 1998; Morgan et al., 2020). All of
the trees surrounding the enormous fire-scarred N. cunninghamii

tree observed within the rainforest on the northwest facing slope—
which due to rot was undatable—also post-date the arrival of
settlers to the area (Figure 3A), further supporting the notion
that settlers attempted to remove the extant rainforest with
fire. It also suggests that these efforts were abandoned, allowing
the post-fire reestablishment of rainforest following the removal
of rainforest.
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5.1.3 Post-settler vegetation change
While attempts to cultivate the Vale of Belvoir by settlers were

short-lived, given the poor soils and seasonal snow cover, burning
of the grasslands upon snow retreat and subsequent cattle grazing
during the summer months has been occurring (and continues
to occur) in the Vale since the 1850s (Cubit, 1996; Tengia et al.,
2016). We interpret the close association between discrete charcoal
peaks that appear in all pollen records [dated and undated, except
for the core from within rainforest on the southeast facing slope
(VOBF)] from across the Vale and the subsequent arrival of invasive
pastoral weeds in the pollen records as further evidence of the
attempt by settlers to remove forest in favor of grassland for
livestock (Figures 3A, 5; Supplementary Figure S1). Indeed, they
were encouraged, if not mandated, by the colonial authorities to
do so (Marsden-Smedley, 1998). Our data demonstrate that this
burning was effective in increasing grassy cover on the drier NW-
facing slopes, but not on the wetter SE-facing slopes [see shifts
in grass (Poaceae) and forest (Eucalyptus spp.) pre- and post-fire
in Figures 2F, G; Supplementary Figure S1: PAL0203]. However,
this effect was short-lived and followed by rainforest recovery
(Figure 3A NW-facing sites) as the area was largely abandoned by
settlers in favor of locations at lower altitude where livestock could
be maintained year-round (Marsden-Smedley, 1998). Our data
demonstrate that fire was ineffective in impacting rainforest on the
wetter SE-facing slope (Figures 2F, G; Supplementary Figure S1),
consistent with the effects of aspect and slope on fuel moisture and
fire, as discussed above.

5.2 Long-term human environment
interaction

Our data suggest a close association between changes in fire,
vegetation, aspect, climate and radiocarbon inferred Palawa activity
in the northwest of Tasmania over the past 2000 years. While
noting the caveats that must be considered when using radiocarbon
ages as indicators of past human demography, particularly in the
limited Tasmanian archaeological dataset, we observe two phases
of increases in radiocarbon-inferred “activity” in the northwest of
Tasmania between ca. 2000 and 800 cal yrs BP. This period is
coeval with phases of persistent rainfall deficit (Saunders et al.,
2012) and evidence for increased fire and the maintenance of
fire-maintained vegetation in our dated sediment sequences from
both the NW- and SE-facing slopes of the Vale (Figure 6). We
interpret this confluence of data as reflecting an increased influence
of Palawa care and management on the Vale during a phase of
relative low rainfall (Figure 6). We contend that low rainfall in
this area, that currently receives more than 2,500mm of rain
each year, allowed the manipulation of Eucalypt forest into more
productive fire-maintained grassland on the drier NW-facing slope
and the manipulation of rainforest to open Eucalypt forest on the
wetter SE-facing slope (Figure 6). Indeed, both sites revert to more
forested (both Eucalyptus spp. forest and rainforest) environments
in concert with the evidence for decreased human activity and
higher rainfall in the region (post ca. 800 cal yrs BP) (Figures 5, 6).

The coherence between our data, palaeoclimate data and the
archaeology of the northwest is consistent with what is known

FIGURE 6

Summary plot of Vale of Belvoir data from this study. (A)

Precipitation reconstruction (mm/month) from Rebecca Lagoon

(41◦11
′

S, 144◦41
′

E) northwest Tasmania (Saunders et al., 2012), with

higher than average shaded blue and lower than average shaded

red; (B) PAL0404 Poaceae (grass %, orange); (C) PAL0404

macroscopic charcoal accumulation rate (Macroscopic CHAR,

pieces cm−2/yr−1) (gray line) fitted with a weighted average (window

width = 5) (solid black line and gray shading); (D) Western Tasmania

charcoal influx curve calculated using the R package paleofire

v.1.2.4 (Blarquez et al., 2014) updated to SHCal20 (Hogg et al., 2020)

from sites outlined in Supplementary Figure S2 and

Supplementary Table S4; (E) VOBF macroscopic charcoal

accumulation rate (Macroscopic CHAR, pieces cm−2/yr−1) (gray line)

fitted with a weighted average (window width = 5) (solid black line

and gray shading); VOBF CHAR is presented on a log10 y-axis; (F)

VOBF Eucalyptus spp. (%, brown); (G) northwest Tasmania human

activity dynamics (GRAnn) (%, black line); (H) number of radiocarbon

dated archaeological sites (gray shaded bars) used in the calculation

of human activity estimates, see Supplementary Table S3 and

Supplementary Figures S2, S3 for details of data used. For

interpretation of the references to color in this figure legend, the

reader is referred to the web version of this article.

and documented about Palawa fire use: that Palawa used fire in
a sophisticated and nuanced way to curate their land and that
well-maintained and carefully curated grasslands were central to
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the economy of Palawa in areas where grasslands were able to
be created (i.e., on fertile soils) (Thomas, 1992; Lehman, 2001).
Lower rainfall in very wet regions like the Vale, we contend,
allow an expansion of fire-based economic activity. The Vale and
the northwest grasslands are one of the few areas in the west
of Tasmania capable of supporting Poa spp. grasslands (most of
the west is occupied by lower resource rich sedgelands on low
productivity soils) (Kitchener and Harris, 2013). It is implausible
that the Palawa did not exploit the persistent reduction lower
rainfall to produce the fire-driven vegetation shifts toward more
grass rich (i.e., resource rich) vegetation that we have identified
in our proxy data, in what was and continues to be a highly
valued region. Our data echoes what settlers documented across
Tasmania (Thomas, 1992; Lehman, 2001), that burning Country
was “desirable for [Palawa] as it affords them kangaroo, wombat

and opossum. . . ” (Hellyer, 1828; Thomas, 1992, p. 59). Indeed, the
influence of Palawa burning on the northwest grasslands around
the Vale was so influential that settler farmers sought to copy the
Palawa practice of burning back with the snow-melt to sustain their
livestock (Cubit, 1996).

Applying fire to create broadscale mosaics of vegetation was
(and continues to be (Lehman, 2001; Bowman and French, 2019;
Tasmania Parks Wildlife Service, 2022) practiced by Palawa to
create what Hellyer observed in 1828 to be extensive “’grassy hills’
which were adjacent to large tracts of rainforest” in northwest
Tasmania, where “extensive areas of grassland existed in a

broadscale mosaic with rainforest and tall stringybark forests

(E. delegatensis)” (Thomas, 1992, p. 57). These quotes reflect
the well-known fact that the grasslands of the northwest of
Tasmania are Palawa artifacts produced by burning (Jones,
1969; Gammage, 2008; Onfray, 2012; Bowman et al., 2013;
Fletcher et al., 2021a), adding weight to our assertion that the
data we have presented here reflect a deliberate leveraging of
climate to increase landscape productivity with fire during a
period of low rainfall between ca. 2000 and 800 cal yr BP
(Figure 6).

Our data from the Vale of Belvoir mirror the findings of a
study from Rebecca Lagoon on the northwest coast of Tasmania,
which demonstrated an increased effort by Palawa to care for
their landscape in response to changes in rainfall between 2000
and 1000 cal yrs BP (Romano and Fletcher, 2018). Both the
Vale of Belvoir data and the Rebecca Lagoon data demonstrate
that Palawa were aware of and leveraged climatic change to
modify their environment with fire (Figure 6). Rather than driving
changes counter to what might be expected naturally, Palawa
sought to exploit climatic change and their local environment
to increase resource availability with fire by burning when
moisture levels decreased in high-rainfall areas (Romano and
Fletcher, 2018). Similar relationships between people and their
environment have been observed elsewhere (e.g., Hoelzmann
et al., 2001; Roos and Sullivan, 2010; Sullivan and Forste, 2014;
Maezumi et al., 2018; Åkesson et al., 2020; Roos et al., 2022).
It is clear that relegating the detection of human agency in
records of past environmental change to when observed trends
diverge from what is predicted naturally risks masking the
deep and profound influence that people have had over the
earth system.

5.3 Changing the paradigm in Australia

In Australia, with some exceptions (e.g., Builth et al., 2008;
Fletcher and Thomas, 2010b; Butler et al., 2014; Romano and
Fletcher, 2018; Fletcher et al., 2021a), analyses of archaeological
and palaeoenvironmental records generally fail to highlight the
role of Aboriginal people in creating, caring for, and maintaining
the Australian landscape over millennia (e.g., Mooney et al.,
2011; Williams et al., 2015). Such studies routinely apply broad-
scale (regional or continental-scale) environmental changes that
operate at a spatiotemporal scale, which masks the local-scale
and heterogeneous way in which people engage with their
environments through time (Head, 2008, 2010). As such, people
are subordinated to regional drivers, such as climate, and tenuous
arguments are then made about the lack of human influence over
the Australian continent (e.g., Bickford and Gell, 2005; Holdaway
and Fanning, 2010; Holdaway et al., 2010; Mooney et al., 2011;
Williams et al., 2015). This sets up a false binary where most studies
into past human-environment dynamics through time position
human agency as either perpetually in opposition to natural
trends or as subordinate to natural trends (Head, 2010). Rarely is
intelligence and proactiveness invoked to account for coherences
between environmental and archaeological data.

Assuming human agency as singularly countering natural
trends masks, or erases, people from the histories of their
territories and allows the continuance of myths, such as “wild”
and “wilderness” to describe cultural landscapes (Cronon, 1996;
Langton, 1996; Nash, 2014; Watson et al., 2018b; Domínguez and
Luoma, 2020; Fletcher et al., 2021b). This is particularly pertinent
in places that have been shaped and maintained by people for
long periods of time and where British and European invasions
carried and perpetuated dehumanizing views of Indigenous and
local peoples (Porter, 2014; Maezumi et al., 2018; Fletcher et al.,
2021a; Larson et al., 2021; Roos et al., 2021). None are as pervasive
as those espoused by Elkin (1933, p. 154, 1934) that Australian
Aboriginal people were “parasites on nature” who “did not assist

nature to produce his sustenance”. A racist and factually incorrect
trope that echoes through to the present day in academia (Horton,
1982; Williams et al., 2015; Watson et al., 2018a,b) and in efforts
to “rewild” the Australian “wilderness” (Sweeney et al., 2019). This
trope is even more unfathomable when juxtaposed against the
direct lived experience of Aboriginal people and the observations
of people like Major Thomas Mitchell (Section 2.1), who engaged
with the land and its people, that speak to the profound influence
that Aboriginal people had over their land through the use of fire
(Thomas, 1992).

“Wilderness/wild” is too often used to prop up false notions of
naturalness in lands owned and occupied by Indigenous people for
millennia (Martinez, 2003; Nash, 2014; Fletcher et al., 2021b). The
removal of people from their lands, and their cultural obligations
to their land, can have serious negative consequences for both
the ecological integrity of their land and for the health of people
(Stewart et al., 2002; Townsend et al., 2009; Porter, 2014; Fatima
et al., 2023). Studies have shown that empowering Indigenous
communities to care for their land has significant ecological,
cultural and social benefits (Chino and DeBruyn, 2006; Townsend
et al., 2009; Eriksen and Hankins, 2014; Mistry et al., 2016; Fatima
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et al., 2023; Dawson et al., 2024). Myths such as “wilderness” and
“wild” incorrectly applied to cultural landscapes present barriers
that stymie the development of appropriate care and management
strategies for the environment that could benefit both people and
their land (Rose, 1996; Shultis and Heffner, 2016; Fletcher et al.,
2021b). While it has been demonstrated that Indigenous people
who have autonomy in governing their land results in better human
health and biodiversity outcomes (Schmidt and Peterson, 2009;
Townsend et al., 2009; Baragwanath and Bayi, 2020; Baragwanath
et al., 2023; Dawson et al., 2024; Simkins et al., 2024), power
structures in settler-indigenous societies rarely permit that level of
trust and agency (Snelgrove et al., 2014). In the absence of that trust
and agency, a careful and nuanced understanding of past human-
environment dynamics can provide an empirical basis to support
Indigenous aspirations to return health to their land and people
(Bird, 2004; West et al., 2006; Bird and Nimmo, 2018; Hoffman
et al., 2021).
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