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Abstract Indigenous people play an integral role in shaping
natural environments, and the disruption to Indigenous land
management practices has profound effects on the biosphere.
Here, we use pollen, charcoal and dendrochronological
analyses to demonstrate that the Australian landscape at the
time of British invasion in the 18th century was a heavily
constructed one—the product of millennia of active
maintenance by Aboriginal Australians. Focusing on the
Surrey Hills, Tasmania, our results reveal how the removal of
Indigenous burning regimes following British invasion
instigated a process of ecological succession and the
encroachment of cool temperate rainforest (i.e. later-stage
vegetation communities) into grasslands of conservation
significance. This research provides empirical evidence to
challenge the long-standing portrayal of Indigenous
Australians as low-impact  ‘hunter-gatherers’ and
highlights the relevance and critical value of Indigenous
fire management in this era of heightened bushfire risk and
biodiversity loss.

Keywords Cultural heritage - Dendrochronology -
Fire - Indigenous Australia - Palacoenvironments -
Western Tasmania

INTRODUCTION

European and British invasions of the New World and the
Antipodes between the 15th and 19th centuries wrought
devastation on Indigenous cultures, communities, and their
land management practices (Paterson 2013; Koch et al.
2019). Massive landscape changes resulted, with effects
that reverberated around the globe (Dull et al. 2010;
Liebmann et al. 2016; Loughlin et al. 2019) and which
continue to impact the environment today (Romanin et al.
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2016; Archer et al. 2017; Moura et al. 2019). One such
problem is the post-invasion rapid loss of anthropogenic
ecosystems, such as grasslands that were maintained for
millennia by people and which are now endangered in
many places on Earth (Norman and Taylor 2005; Coop and
Givnish 2007; Butler et al. 2014; Siihs et al. 2020). The
contraction of grassland ecosystems globally represents a
critical loss of floral and faunal biodiversity (Partel et al.
2005; Murphy et al. 2016), habitat diversity and connec-
tivity (Coppedge et al. 2002), foraging grounds for native
herbivores and livestock, and cultural landscapes signifi-
cant to indigenous communities (Blackstock and McAI-
lister 2004; Gammage 2008; Onfray 2012). Additionally,
the loss of grasslands can alter hydrological cycles (Nadal-
Romero et al. 2013), carbon cycling, soil nutrient budgets
(Jackson et al. 2002; McKinley and Blair 2008) and fire
regimes through increased fuel loading and the closing of
fire breaks (Bond and Parr 2010).

In Australia, many landscapes that were described as
open and grassy under indigenous management are now
forested, yet debate rages over the full role of Aboriginal
people in the creation and maintenance of their landscape,
with views ranging from benign opportunism to wilful
mastery (Horton 1982; Bowman 1998; Langton 1998;
Gammage 2011; Pascoe 2014). This problem is difficult to
assess, given that the timing of the initial arrival of people
to Australia is uncertain, owing to technical advancements
and site discoveries continually pushing back human arri-
val dates (Clarkson et al. 2017). More than just academic,
this dispute has real implications for informing appropriate
and sustainable landscape management regimes.

While uncertainty surrounding the initial impact signal
of human arrival in Australia persists, there is potential
instead to investigate the impact of the rapid and severe
decimation of Aboriginal communities and the loss of their
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management regimes at the hands of the British invaders in
the 18th and 19th centuries. Australia faces several sig-
nificant environmental challenges that stem from both
global climatic change and the legacy of substituting
Indigenous with colonial landscape management following
British invasion after 1788. In contrast to the verita-
ble Eden described by the first British invaders to Australia
(Gammage 2011), the continent has proved to be incom-
patible with European management paradigms (Kirkpatrick
1999; Bradshaw 2012; Glanznig and Kennedy 2019).
Increasing rates of soil salinization from over-irrigation
(Lambers 2003), soil erosion from landscape denudation
(Bui et al. 2010), catastrophic wildfire facilitated by
unhindered fuel accumulation (Enright and Thomas 2008)
and rapid rates of species loss (Woinarski et al. 2015) all
point to a catastrophic management failure of the Aus-
tralian landscape since the British invasion.

Early written depictions of Australian landscapes are
full of superlatives, depicting a bountiful landscape remi-
niscent of England and well suited to European agricul-
ture—a landscape in which we find an apparent
paradoxical flourishing of sedentary Aboriginal communi-
ties in the heart of what is now considered Australia’s
harshest deserts (Pascoe 2014). Indeed, the first impres-
sions of the botanical draughtsman onboard Captain James
Cook’s “First Fleet” in 1788 were the following:

The country looked very pleasant and fertile, and the
trees, quite free from underwood, appeared like
plantations in a gentleman’s park (cited in Gammage
2011).

Depictions like the one above are numerous in the
ethnographic record of Australia and are echoed in
landscape art from the early post-invasion period (the
ethno-pictorial record) (Gammage 2011). Moreover, clear
written accounts of permanent Aboriginal settlements,
large-scale Aboriginal agriculture and aquaculture, and
sophisticated Aboriginal religious practices abound in the
writings of British settlers, all pointing to highly successful
Aboriginal management of the Australian continent stolen
by the British (Pascoe 2014). Despite the clear evidence of
Aboriginal environmental manipulation, resource exploita-
tion and sedentism, the unconscious and often wilful
amnesia of mainstream Australian culture has forever cast
Australian Aboriginal people in the mould of the noble
savage (Rowland 2004)—the most base of humans that
represented a “missing link” between apes and the most
advanced humans, 19th Century Europeans (Waitt 1999),
people that were incapable of landscape modification,
let alone the concept of land ownership. The emerging
counter-narrative of Australian Aboriginal societies, cast
into the public arena by efforts of people like Bill
Gammage and Bruce Pascoe (Gammage 2011; Pascoe
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2014), challenges the central tenet underpinning the
concept of ferra nullius (vacant land) on which the tenuous
and uneasy claims of sovereignty of white Australia over
Aboriginal lands rests (Fitzmaurice 2007). Moreover, this
counter-narrative reveals the Australian landscape to be a
construct of human agency and provides critical insights
into the factors underlying Australia’s modern environ-
mental dilemmas.

While the written and painted record of Australia’s early
colonial history has presented a recent challenge and
rebuke of the noble savage/hunter-gatherer moniker, the
scientific community has been comparatively silent on this
topic. With some exceptions, the analysis of the archaeo-
logical and palaeo-environmental records of Australia have
generally failed to shed significant light on the role of
Aboriginal people in the origin and maintenance of the
Australian landscape (Builth et al. 2008; Fletcher and
Thomas 2010; Butler et al. 2014). The poor preservation of
non-lithic (stone) remains in archaeological deposits in
Australia’s harsh environment and an overwhelming bias
toward the archaeology of cave-dwelling economies over
much of the continent, particularly in the southeast (e.g.
Bird and Frankel 1991; Cosgrove 1999), has limited the
ability of archaeology to contribute to this discourse
meaningfully. Likewise, the paucity of continuous palaeo-
environmental records that span the assumed period of
arrival of people to this continent, coupled with the
increasing uncertainty over when people actually arrived in
Australia and the large uncertainties in dating cultural
material beyond the limits of conventional methods (such
as radiocarbon > 40 000 years old) (e.g. Kershaw et al.
2007a, b; Mooney et al. 2011), precludes an understanding
of how Aboriginal people modified the Australian land-
scape and how that modification is manifested under the
very different climatic regime that has prevailed over the
most recent millennia (Fletcher and Thomas 2010). To
better understand Aboriginal land use and landscape
modification, therefore, we focus instead on analysing the
recent past—specifically, the vegetation response of the
18th and 19th century reduction of Aboriginal land uses.
We argue that the extent to which Australian ecosystems
had been constrained and/or constructed by Indigenous
Australians at the time of British invasion will be reflected
in the nature and degree to which the vegetation landscape
has ‘rebounded’ following the cessation of Indigenous land
management practices.

Here, we document the rapid expansion of forest into
grasslands that represents the loss of an Aboriginal con-
structed landscape following the British invasion and
conquest of Tasmania, demonstrating a deep human
imprint on an Australian landscape and underscoring the
clearly relevant role of Aboriginal land management in the
contemporary Australian landscape. This knowledge is
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critical for understanding the context of several of Aus-
tralia’s most pressing environmental concerns, most nota-
bly the recent and ongoing bushfire emergency and the role
in which long-term fuel accumulation in the absence of
Aboriginal fire management plays in this very serious
problem (Wilman 2015). Fire was an important landscape
management tool employed by Aboriginal people in Aus-
tralia. Among a range of cultural uses, fire is used by
Aboriginal people to protect and enhance resources
essential to survival. One such method is to suppress
woody species that are intolerant of frequent burning in
favour of faster-growing and fire-tolerant grass species,
which provide seed for harvest and food for fauna (Jones
1969; Pascoe 2014), as well as reducing landscape fuel
loads that mitigates against large uncontrolled wildfire in
flammable biomes (Murphy et al. 2009).

In this paper, we use the Surrey Hills in temperate
northwest Tasmania, Australia, as a case study. The Surrey
Hills was described and mapped in detail by Henry Hellyer
in 1828 (Fig. 1) as a mix of grassland and Eucalypt-sa-
vanna (Eucalyptus sp. trees over a grassy understorey),
with abundant evidence for recent Aboriginal burning and
with pyrophobic rainforest representing a minor component
of the vegetation restricted to the banks of rivers (Thomas
2011). Today, areas not overtaken by silviculture are pre-
dominantly rainforest, with a few isolated patches of
grassland managed for conservation with fire. We employ
indicators of past vegetation change (pollen) and fire
activity (charcoal) stored in organic-rich soils and an
indicator of tree establishment date (tree-rings) to track the
response of forest to the shift from Aboriginal to British
tenure and management. We hypothesise that if the

a b 0 50 100 150 200
. [ = — )]
vz : Dairymaid Plains
AL N Bass Strait o ry
e © Racecource Plains
: , Basalt unit
W 2 LT SO TasmaNia e N
i Tasman | el A
FASMANA Sea | Tt
C

Savage River
National Park

—

Fig. 1 a Global view showing location of Tasmania, Australia. b Map of Tasmania showing the location of The Surrey Hills region. ¢ Hellyer’s
(1828) map of The Surrey Hills, showing extent and location of grassland plains (Thomas, 2011). d Extent of basalt lava flow that has produced
the fertile soils of The Surrey Hills region. Location of field sites used in this study [Dairymaid Plain (DMP) and Racecourse Plain (RCP)] are
also indicated (Background satellite imagery source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS,
AeroGRID, IGN, and the GIS User Community. Basalt geology unit source: obtained from the 1:250 000 Scale Digital Geology of Tasmania
dataset provided by the Mineral Resources Tasmania; displayed under the CC Attribution 3.0 Australia licence)
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grasslands observed in the early post-British invasion phase
in the Surrey Hills (circa 1828) were an Aboriginal con-
struct produced by systematic and sophisticated landscape
burning by local Aboriginal communities, that the shift to
British management in which fire was not a key component
would have resulted in a replacement of grassland and
Eucalypt-savanna by pyrophobic rainforest (sensu Bow-
man et al. 2013). In this case, pollen and charcoal records
will depict a shift from fire-maintained grassland or
Eucalypt-savanna to fire-free rainforest vegetation. Further,
we hypothesise that the establishment date of the vast
majority of rainforest trees in this landscape will post-date
the first arrival of British settlers to the region (the early
1830s). We specifically ask the following questions:

(1) What vegetation type occupied modern rainforest
patches prior to the British invasion?;

(2) What is the establishment age pattern of trees within
modern rainforest?;

(3) Does the historical vegetation and tree demography
data support the notion that the Surrey Hills was an
Aboriginal constructed landscape?

MATERIALS AND METHODS
Study site

Northwest Tasmania is host to some of the most extensive
later-stage rainforest communities remaining in southeast
Australia today. The Surrey Hills (Fig. 1) is a gently
undulating terrain formed on an extensive ancient lava flow
(Basalt Unit in Fig. 1d), which produces comparatively
fertile soils when compared to the broader region. On these
soils, rainforest is the expected vegetation type in the
absence of fire (Jackson 1968).

Upon observing the Surrey Hills in 1828, Henry Hellyer,
the principle surveyor for the newly formed Van Diemen’s
Land Company (VDL) who was in search of lands to run
sheep, remarked as follows:

an excellent country, consisting of gently rising, dry,
grassy hills, divided from each other by brooks, the
sides of which are adorned with blackwood and other
elegant trees and shrubs...The plains, or rather hills, I
call the Surrey Hills...They resemble English enclo-
sures in many respects, being bounded by brooks
between each, with belts of beautiful shrubs in every
vale...The whole country here is grassy...The timber
found on these hills is, in general, of fine growth, very
tall and straight; some of it would measure more than
100 feet to the lowest branch. The trees are in many
places 100 yards apart... They are principally
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peppermint and stringy bark, —. It will not in general
average ten trees on an acre. There are many plains of
several square miles without a single tree. (cited in
Thomas 2011).

And further of the Surrey Hills:

The chase has a cultivated and diversified appear-
ance... from its having been lately burnt in several
extensive tracts, looking fresh and green in those
places, and in others so completely covered with
fields of blooming heath that it resembled vast fields
of clover divided by shrubs... It is possible that the
natives by burning only one set of plains are enabled
to keep the kangaroos more concentrated for their
use, and I can in no way account for their burning
only in this place, unless it is to serve them as a
hunting place (cited in Thomas 2011).

The landscape Hellyer consistently describes is a mix of
temperate grasslands, temperate Eucalypt-savanna, with
rainforest and shrub communities confined to the banks of
creeks and rivers (Gammage 2008; Onfray 2012), a land-
scape that was deliberately managed and maintained by
Aboriginal people with fire, while the familiarity of the
kangaroo to humans and the clear and abundant evidence
of Aboriginal occupation in the area (Thomas 2011)
implies that these animals were more akin to livestock than
“wild” animals. Hellyer produced a detailed map of the
“Surrey Hills” grasslands (Fig. Ic), indicating substantial
areas of grassland in 1828 where rainforest now grows
(Bowman et al. 2013). The region mapped by Hellyer
corresponds almost precisely (given the accuracy of the
day) to a large basaltic lava flow that extends to the north
of the Surrey Hills to the coast (Fig. 1c, d). This coastward
extension of the basalt flow corresponds to what Hellyer
named the “Hampshire Hills”, an equally impressive
grassy/savanna landscape (Thomas 2011; Onfray 2012).
Hellyer’s observations prompted the VDL to send sheep to
the Surrey Hills in what would eventually be a failed
venture (Onfray 2012). The Surrey Hills are relatively
high-elevation grasslands seasonally covered in snow and
the area proved too cold for a viable operation that suited
high-profit ambitions of the VDL (Evans 2010). Never-
theless, the observations of Hellyer set in motion a chain of
events that led to the rapid and violent extirpation of
Aboriginal people from the Surrey Hills region during the
1830s (Evans 2010).

The period between 1830 and 1960 was marked by the
failed VDL venture and subsequent occupation of the
Surrey Hills by wild mobs of cattle, stockmen and snarers
living in dilapidated huts along with ad hoc burning and
hunting, while the period after 1960 ushered in the silvi-
cultural estate that persists until the present day and which
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saw the total exclusion of landscape burning in the Surrey
Hills (Evans 2010; Onfray 2012). Today, the region is
leased by Forico Pty Ltd and is run as an active silviculture
estate. Part of the leasing agreement from the Tasmanian
government requires Forico to manage the remnant patches
of grassland in the estate with prescribed burning regimes
ranging from > 25 to 3 year fire return intervals in an
effort, among other things, to maintain populations of the
endangered Ptunarra Brown Butterfly (Oreixenica ptu-
narra) that depends on these grasslands for reproduction
and survival (Bell 1998).

Previous investigation into post-British invasion vege-
tation dynamics on the Surrey Hills focussed on repeat
image analysis of aerial photographs compared to hand-
drawn maps from post-British invasion surveyors (Bow-
man et al. 2013). While this work argued for a loss of
grassland area in some parts of the Surrey Hills following
the cessation of Aboriginal fire management, potential
errors between hand-drawn maps and georeferenced aerial
imagery limit the accuracy of the conclusions (Bowman
et al. 2013). The Surrey Hills lies within the hyperhumid
climate zone of Tasmania, where rainforest dominated by
Nothofagus cunninghamii (Myrtle Beech) and Phyllo-
cladus aspleniifolius (Celery-top Pine) is the later-stage
vegetation community on any substrate in the absence of
fire disturbance. Uniquely for this region, the basalt geol-
ogy produces a relatively flat, well-drained and fertile
substrate on which the succession from non-forest to forest
vegetation is more rapid than on the topographically
complex landscapes comprising less-fertile geology that
dominate other parts of the hyperhumid rainforest zone
(Bowman and Jackson 1981; Bowman et al. 1986; Bow-
man and Wood 2009). The dominant ecological model for
the region places primacy on the role of the fire return
interval (FRI) in determining what type of vegetation
occupies a location, with low FRIs (i.e. frequent fires)
favouring grassland and high FRIs (i.e. infrequent fires)
allowing the development of rainforest (Gilbert 1959;
Jackson 1968; Bowman and Jackson 1981; Wood and
Bowman 2012). Thus, maintenance of a grassland or
savanna vegetation state in this high-rainfall landscape
requires a high fire frequency to prevent colonisation by
rainforest.

To test the response of the Surrey Hills vegetation to the
shift from Aboriginal to British tenure and management,
we focussed on two remnant grasslands (Fig. 1): Dairymaid
Plain (3-5 year fire return interval (FRI); 41° 25'40” S,
145° 42'49” E) and Racecourse Plain (7-9 FRI; 41° 29'16"
S, 145° 43’10” E). Both locations feature grassland (Poa
labillardierei) dominance surrounded by rainforest vege-
tation. In the case of Dairymaid Plain, the rainforest is
dominated by Nothofagus cunninghamii (Myrtle Beech),
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while at Racecourse Plain, the rainforest dominant is
Phyllocladus aspleniifolius (Celery-top Pine).

Pollen and charcoal analysis

A sediment core was extracted from within organic
sediments on the banks of Twyford Creek under a
canopy of pure Nothofagus cunninghamii (Myrtle Beech)
rainforest at Dairymaid Plain (Fig. 2). The sediment core
was subsampled at 1-cm intervals for subsequent analy-
sis of pollen, spores and charcoal. For pollen and spore
analysis, 0.5 cc of sediment selected at 3 cm intervals
was treated with a series of acid and base treatments
following standard protocols to isolate the pollen, spores
and microscopic charcoal (Faegri and Iversen 1989). The
resulting residue was mounted on a microscope slide and
pollen, spores and charcoal were tallied until a total of
200 pollen grains from terrestrial (land) plants was
reached (hereon called the terrestrial pollen sum—TP).
The pollen counts were converted to percentages using
the TP, while percentage values for aquatic plants and
spores were calculated from a sum that included these
palynomorphs. Macroscopic charcoal (> 125 pum) was
isolated from 1.25 cc samples at 1 cm intervals using
10% H,0, to digest all non-charcoal organic material
and sieving (Whitlock and Larsen 2001). All charcoal
fragments were then tallied, and concentration values
were calculated by dividing the charcoal count by the
volume of sediment. Relative age control was established
by counting the first occurrence of invasive European
plant species, such as Pinus sp. (Pine), Rumex acetosella
(Red Sorrel), and Plantago lanceolata (Ribwort). These
plants must post-date initial invasion by the British in
1772 and most likely post-date the arrival of livestock to
the area in the early 1830s (Onfray 2012).

Tree establishment

The establishment ages of trees at both Dairymaid Plain
and Racecourse Plain was determined by using an incre-
ment borer to extract a tree core from both Nothofagus
cunninghamii (Myrtle Beech) (at Dairymaid Plain) and
Phyllocladus aspleniifolius (Celery-top Pine) (at Race-
course Plain), both are long-lived (> 500 years) species.
Sampled trees (N. cunninhammi, n = 30; P. aspleniifolius,
n = 40) were located along a transect at both sites (115 m
at Dairymaid Plain; 88.9 m at Racecourse Plain) spanning
the core of the forest to the forest-grassland boundary
(Fig. 2). The closest tree to the transect line was sampled
continuously along the transect from core to forest edge.
Cores were taken at 1.2 m height above ground and two
cores were obtained from each tree at right angles, to
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Fig. 2 The relationship between tree ages (binned to ten year intervals) and distance along the transect, plotted against schematics showing the
location of dated trees leading to the transition from rainforest to grassland. Racecourse Plain (RCP) and Dairymaid Plain (DMP). Vertical grey
dashed line indicates the timing of Hellyer’s mapping of the region. Location of sediment core retrieved from the Dairymaid Plain site is also
shown

ensure capture of the central ring. The cores were mounted, RESULTS

dried and polished prior to counting, with each tree ring

estimated to correlate to an individual calendar year  Pollen and charcoal

(Simkin and Baker 2008). The ages represent the time at

which the trees reached sampling height (1.2 m) and not  Percentage change in key pollen taxa is presented along-
the exact year of establishment. side charcoal (representing fire history) in Fig. 3.
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Fig. 3 Selected pollen and charcoal results. Vertical grey dashed line
indicates timing of British invasion—marked by the introduction of
exotic taxa to the region. Horizontal dashed line on myrtle beech
represents the threshold above which a local presence of the tree can
be inferred (Fletcher and Thomas 2007)

Introduced plant species occur for the first time at 13 cm,
providing a minimum estimate of the post-British invasion
period (BIP) and estimated here to indicate the introduction
of livestock into the local region in the early 1830s (Onfray
2012). Fire at the site decreases sharply in magnitude and
variability in line with the commencement of the BIP
(40.1 & 31.1  particles cm >  pre-BIP—24-14 cm;
6.3 & 5.2 particles cm > post-BIP—14-0 cm). The pre-
BIP phase of the sequence is dominated by Eucalypt, grass
and tea tree pollen, while the BIP is characterised by an
initial increase in tea tree, followed by the rainforest shrub
Tasmannia lanceolata (Mountain Pepper), and finally by
the rainforest tree Nothofagus cunninghamii (Myrtle

@ Springer

Beech) (which dominated the pollen flora in the uppermost
samples (ca. 70% of the terrestrial sum)).

Dendrochronology

Dendrochronological results are presented in Figs. 2 and 4.
Figure 4a shows the year of establishment for Nothofagus
cunninghamii (Myrtle Beech) and Phyllocladus aspleni-
ifolius (Celery-top Pine) trees surveyed at Dairymaid and
Racecourse Plain, respectively. At Dairymaid Plain, two
trees are recorded as establishing less than two decades
after Hellyer’s 1828 survey of the region, while continual,
successful establishment of Nothofagus cunninghamii trees
began after 1920. Phyllocladus aspleniifolius began to
colonise Racecourse Plain from the late 1800s, with an
apparent peak in recruitment occurring just prior to 1900.
Collated results (Fig. 4b) reveal that rainforest re-estab-
lishment occurred at both sites in the decades immediately
following the post-BIP decline in number of Aboriginal
people in Tasmania.

DISCUSSION
The environmental impact of British invasion

Our results highlight the de-stabilising effect that British
invasion and the subsequent removal of Indigenous fire
regimes had on the Tasmanian vegetation landscape.
Rainforest now dominates the non-silvicultural sections of
the Surrey Hills, in place of the Eucalypt-savanna depicted
in our pollen results and the grassy savanna landscape
described and mapped by Hellyer in 1828 (Fig. 1). Before
the British invasion, frequent, low-intensity burns by the
Indigenous custodians had decoupled the vegetation land-
scape from climate, discouraging rainforest establishment
in favour of a mix of grasslands and Eucalypt-savanna
across this high-rainfall and fertile basalt plain (Ellis 1985;
Gammage 2008; Onfray 2012). The arrival of British set-
tlers to the Surrey Hills and the systematic and forced
removal of Aboriginal people from not only the Surrey
Hills, but the entire island, removed traditional fire controls
on vegetation, allowing forest to expand.

The period between the 1830s—1960s saw an ad hoc
occupation and management of the Surrey Hills by settlers,
convicts, trappers, graziers and finally silviculturists, with a
range of different uses of fire (Onfray 2012), with total fire
exclusion in effect by the 1960s (Needham 1960; Onfray
2012). No tree encountered in our study pre-dates the
British invasion (Figs.2, 4), despite both Nothofagus
cunninghamii (Myrtle Beech) and Phyllocladus aspleni-
ifolius (Celery-top Pine) living in excess of 500 years
(Ogden 1978), reflecting a clear vegetation response to the
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Fig. 4 Dendrochronology results. (top) shows the frequency distribution of tree ages (binned to 10-year intervals) separated by species/site
(RCP: Racecource Plain; DMP: Dairymaid Plain). The time Hellyer’s survey conducted is also indicated (1828 CE). (bottom) Shows the collated
results in conjunction with an estimated Indigenous population curve [estimated numbers of people are derived from Jones (1971)]

change in fire regime. Further, continuous rainforest
recruitment has occurred since 1880 (Fig.4) within the
previously open savanna landscape (Fig. 3), suggesting that
this recruitment represents forest expansion rather than
stand replacement. This combined dendrochronological
and palynological evidence signals a major shift in the fire
regime of the Surrey Hills that has allowed rainforest to
continuously expand at the expense of grassy vegetation.
The removal of systematic Indigenous burning at our
core site on the banks of Twyford Creek resulted in a shift
from Eucalypt-savanna to a Nothofagus cunninghamii-
dominated rainforest, punctuated by increases in Lep-
tospermum (tea tree) sp. and Tasmannia lanceolata
(Mountain Pepper) (Fig. 3). This sequence is consistent
with the grassland-Leptospermum-rainforest succession
pathway described by Ellis (1985) for the Paradise Plains
in northeast Tasmania (another cool climate temperate
grassland) (Ellis 1985), and with observations of Lep-
tospermum lanigerum (Woolly Tea tree) acting as a rain-
forest pioneer on the Surrey Hills (Bowman et al. 2013;
Wood et al. 2017). Leptospermum lanigerum currently
grows along forest margins and facilitates further woody
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growth (such as Tasmannia lanceolata and Nothofagus
cunninghamii) by out-competing (i.e. shading) grasses—
instigating a feedback loop that encourages further forest
expansion (Wood et al. 2017). This sequence in the pollen
record from Twoford Creek likely reflects an increase of
Leptospermum lanigerum along the banks of the creek
under a savanna canopy in response to the change in fire
regime, subsequently facilitating the establishment and
expansion of rainforest.

The loss of a constructed landscape

The results of this study reveal two key aspects of the
environmental history of the Surrey Hills:

1. Prior to the British invasion, a FEucalypt-savanna
occupied the Dairymaid Plain site under a higher
burning regime than present;

2. Rainforest expansion occurred following the British
invasion and the removal of Aboriginal people from
the region at both study sites.

@ Springer



146

Ambio 2021, 50:138-149

These findings are significant, as they unequivocally
prove that the shift from Aboriginal to British management
of the Surrey Hills saw a rapid shift from a grassy
ecosystem to rainforest in complete accordance with the
proposed fire-dependent ecological model for this region
(Jackson 1968). Our results clearly demonstrate that the
Surrey Hills landscape that inspired Hellyer to encourage
his employers at the VDL to annex the region for their
livestock interests, and in the process forcibly removing the
Aboriginal owners and accelerating a process of extirpation
that was occurring throughout Australia at the time, was a
human-made landscape. This constructed landscape was
the product of purposeful and skilful landscape manipula-
tion with fire aimed at decoupling the landscape from its
climatic potential (rainforest) to provide a predictable and
productive landscape for human occupation: a “farm
without fences” (Gammage 2011) (Fig.S5). Indeed, the
sophisticated manipulation of high-altitude cold climate
grasslands by Aboriginal communities has a very long
history in Tasmania, with the incredibly rich cave archae-
ological deposits of Tasmania’s west recording a targeted
economy focussed on the seasonal exploitation of mam-
mals via management of grasslands formed on limestone
during the last ice age (Pike-Tay et al. 2008). The Surrey
Hills provides potential evidence for the continuation of
this ancient seasonal exploitation of cool climate grass-
lands into the late Holocene, with burning of the Surrey
Hills grassland acting to both encourage new grass growth
to feed fauna and suppress the establishment of woody
vegetation. This vocation clearly requires continual and
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systematic effort to combat the encroachment of rainforest
in this wet climate landscape comprising the fertile
(basaltic) soils suited to rapid rainforest growth.

While only representative of a tiny portion of Australia,
this case study from Tasmania provides critical insight into
the influence of Aboriginal people on the Australian
environment. The park-like savanna landscape depicted in
word and paint over and over in the Australian ethno-
graphic and ethnopictorial record stands in stark contrast to
the same landscapes we view today (Gammage 2011). The
unequivocal case of landscape construction by Aboriginal
people we have presented for the Surrey Hills in Tasmania
is undoubtedly representative of other parts of Australia.
Other examples of the impacts of a cessation of traditional
Aboriginal fire management on the Australian landscape
include the following: (1) a tenfold increase in woody plant
coverage following British invasion of the Bellarine
Peninsula in southwest Victoria, mainland southeast Aus-
tralia (Lunt 1998); (2) a shrub invasion of spinifex grass-
lands around the great monument of Uluru in the interior of
Australia that has had clear knock-on effects for flora and
fauna biodiversity (Masters 1993); and (3) a shift to mas-
sive and catastrophic late dry season wildfires in the
absence of Aboriginal management in the tropical savannas
of northern Australia (Russell-Smith et al. 2013).

These examples above, coupled with the clear evidence
for Aboriginal landscape construction presented here in
Tasmania, stand in stark contrast to the hunter-gatherer
narrative that dominates the mainstream depiction of pre-
British invasion Aboriginal societies. The Tasmanian case

IMPACT OF BRITISH INVASION
ON TASMANIAN CULTURAL LANDSCAPES
SITE 1: DAIRYMAID PLAIN

PRE-1772 CE- INDIGENOUS FIRE
MANAGEMENT - OPEN WOODLAND-
EUCALYPT SAVANNA

GRASSLAND

1830's-1950's CE - MIXED/AD HOC FIRE
MANAGEMENT - TIMBER HARVESTING,
CATTLE GRAZING AND MAMMAL

TRAPPING

GRASSLAND
CONTRACTION

>1950 CE - CONTEMPORARY FIRE
MANAGEMENT - EXCLUSION
AND SMALL-SCALE GRASSLAND
CONSERVATION BURNING

RAINFOREST SHRUB
EXPANSION

ENCROACHMENT

GRASSLAND
CONTRACTION

Fig. 5 Schematic of the changes at Dairymaid Plain inferred from the pollen, charcoal, and dendrochronological data presented in this paper.
The blue section represents Twyfold Creek and the location of the core taken for this study. Number of people estimates are derived from Jones

1971)
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provides empirical support for the strong ethnographic and
ethnopictorial record presented by Bill Gammage and
Bruce Pascoe that rebukes the hunter-gatherer moniker and
asserts Aboriginal agency over the landscape in a deliber-
ate, controlled and sophisticated manner (Gammage 2011;
Pascoe 2014). Aboriginal people flourished across most
environments in Australia, many of which present signifi-
cant barriers to European-style management paradigms.
Regions called deserts today hosted permanent or semi-
permanent villages at the time of invasion (Pascoe 2014)
and regions that are now dominated by thick rainforest,
such as parts of the Surrey Hills, were once key parts of the
Aboriginal economy. Far from occupying the lowest rung
or “missing link” of the antiquated enlightenment era
Social Darwinist ladder (Gough 2000), Aboriginal people
were potentially at their zenith in the Australian landscape,
with sophisticated land, water and sea management, com-
plex environmentally embodied religious practices and
sedentary, semi-sedentary and non-sedentary dwellings
that catered to the ebbs and flows of environmental vari-
ability in this very different landscape when compared to
Britain, Europe or any other landmass.

An appreciation of the history of not only Australian
landscapes, but all landscapes invaded and conquered by
British and European people, is critical for sustainable
landscape management. The wresting of control of fire
back by Aboriginal land owners in the tropical savannas of
Australia is a clear example of the power of Aboriginal
management in combatting environmental problems (Rus-
sell-Smith et al. 2013). Moreover, a re-engagement of
Aboriginal people with their land through burning has not
only reduced the incidence of catastrophic wildfire in that
landscape, but this act has had measurable positive impacts
on the physical and psychological health of Aboriginal
people (Fitzsimons et al. 2012; Green and Minchin 2014).
Denial of Aboriginal agency in the face of the increasing
amount of irrefutable evidence presented here and else-
where is born from a cultural imperialist attitude toward
what constitutes and what does not constitute human
agency and land management. Viewed through a British or
European lens, recognition of the true nature and origin of
constructed landscapes, then, has the power to tackle many
of the environmental challenges facing post-colonial
landscapes and the challenges facing the very people who
created the landscapes.

CONCLUSION

Our research presents integrated palaeco-environmental,
dendrochronological and ethnographic evidence of a
landscape in transition. When British land prospectors
arrived in Surrey Hills in the early 19th century, they
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encountered a landscape constructed over millennia by an
Aboriginal culture that employed highly sophisticated land
management techniques that sustained livelihoods and
biodiversity. The disruption to Indigenous land owner-
ship—and the resulting cessation of low-intensity, high-
frequency fire management—has enabled the spread of
woody pioneer species and, in turn, later-stage rainforest
communities into native grasslands and Eucalypt-savanna
previously maintained by strategic burning in this cool,
temperate and fertile region of western Tasmania. These
changes represent the loss of cultural heritage and the
profound environmental impact incurred by the forced
removal of Indigenous land management practices in
Tasmania. Our results contribute to a growing body of
evidence documenting dramatic shifts in natural environ-
ments across Australia following British invasion and thus
the extent to which Indigenous Australians shaped their
environment. Continued research across the spectrum of
Australian environments is required to further our under-
standing of how ecosystems are evolving under British
tenure, and the social and ecological benefits to be gained
from re-introducing Indigenous landscape management
principles.
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