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SUMMARY

The "Wet Tropics” of Australia host a unique variety of plant lineages that trace
their origins to the super-continent of Gondwanaland. While these "ancient”
evolutionary records are rightly emphasized in current management of the re-
gion, multidisciplinary research and lobbying by Rainforest Aboriginal Peoples
have also demonstrated the significance of the cultural heritage of the “"Wet Tro-
pics.” Here, we evaluate the existing archeological, paleoenvironmental, and his-
torical evidence to demonstrate the diverse ways in which these forests are glob-
ally significant, not only for their ecological heritage but also for their
preservation of traces of millennia of anthropogenic activities, including active
burning and food tree manipulation. We argue that detailed paleoecological,
ethnobotanical, and archeological studies, working within the framework of
growing national and world heritage initiatives and active application of tradi-
tional knowledge, offer the best opportunities for sustainable management of
these unique environments in the face of increasingly catastrophic climate change
and bushfires.

INTRODUCTION

The Wet Tropics Bioregion and World Heritage Area of Queensland, north-eastern Australia (Figure 1), is
argued to preserve “the oldest surviving rainforest in the world” (Wet Tropics Management Authority,
2015). Before the 20™ century, it was thought that these tropical rainforest environments were “alien”
and "invasive,” representing an incursion of Asiatic species. However, the last half a century of research
has revealed that the Wet Tropics host uniquely high concentrations of all plant groups, including angio-
sperm and gymnosperm species, with evolutionary histories tracing back to Gondwanaland (Webb and
Tracey, 1994; Sanderson, 2008), containing 19 of 26 near basal families of dicotyledonous plants and 626
species endemic to Australia (Metcalfe and Ford, 2009; Wet Tropics Management Authority, 2016).
Beyond the rainforest, more open, drier, and varied sclerophyll forests host a further variety of endemic
Australian plant species (Tracey, 1982). Although the Wet Tropics covers only 0.12% of Australia, it also
contains approximately 45% of all Australian terrestrial vertebrate species, a quarter of which have spe-
cial conservation value (Wet Tropics Management Authority, 2016). Unsurprisingly, these findings from
decades of rigorous ecological and paleoecological research have meant that the World Heritage listing
of the "Wet Tropics” emphasizes its hosting of “relicts of the great Gondwanan forest that covered
Australia ... 50-100 million years ago” (UNESCO, 2020) and its representation of ecological processes
that have fundamentally shaped the biota of Australia (UNESCO, 2020). The declaration of the Wet Tro-
pics of Queensland as an 894,420-hectare World Heritage Area in 1988 has resulted in the arrival of
5,000,000 tourists and $ 5.2 billion (AUS) annually to the region (Wet Tropics Management Authority,
2015).

Not currently mentioned as part of its international UNESCO World Heritage listing, however, is the cul-
tural significance of the "Wet Tropics,” and, traditionally, management policies have restricted Rainforest
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Figure 1. Map of the mentioned archeological and paleoenvironmental sites and their location in relation to the
Wet Tropics Bioregion of Queensland, Australia
Changes in general vegetation groups (Neldner et al., 2019) within, and in the vicinity of, the Wet Tropics Bioregion of
Queensland, Australia (Wet Tropics Management Authority, 2013) are shown: (A) before the clearance of major forested
areas in 1954 and (B) their remnant extents in 2017.

restrictions have resulted in significant and rapid changes to the vegetation cover of the region (Stanton
etal., 2014a, 2014b). This is despite the fact that the Wet Tropics is the current home of at least 20 Aborig-
inal groups, 120 clans, and 8 languages (although this number is dynamic), whose ancestors have occu-
pied the landscape for millennia (Pannell, 2005; Cosgrove et al., 2007; Ferrier, 2015) and made use of a
number of the ecologically significant plants that the region has to offer (Tuechler et al., 2016; Wet Tropics
Management Authority, 2020b). As shown elsewhere in Australia, use of European census and ethno-
graphic observation data has often obscured the potential size of pre-colonial populations that existed
before introduced disease, genocide, and relocation (Pascoe, 2018). Moreover, in other parts of Australia,
researchers and Aboriginal Traditional Owners have increasingly drawn upon archeological, ethnohistoric,
and paleoecological datasets to argue that large communities actively managed a diversity of landscapes
before the onset of Australia’s early colonial period (1788-1850) (Lourandos and David, 1998; Hill and
Gribbs, 2000; Gammage, 2012; Pascoe, 2018). This included plant cultivation, including yams (Dioscorea
hastifolia) and millet (Panicum decompositum) (Hallam, 1989; Pascoe, 2018); active burning to maintain
mosaics of forest, grassland, and sedge environments to promote populations of medium-sized mammals
(Jones, 1979; Jurskis, 2009; Gammage, 2012; Fletcher et al., 2020); water management, such as damming
to maintain wetland vegetation communities (Barber and Jackson, 2015); the development of complex
trapping structures to obtain freshwater resources (Hallam, 1989; Builth et al., 2008); and the formation
of seasonally occupied settlements (Ferrier 2015; Pascoe, 2018).

In the “Wet Tropics,” campaigning by Rainforest Aboriginal Peoples, and their supporters, has started to
shift perspectives and practices, in a similar way to recent research elsewhere in Australia (Pascoe, 2018;
Fletcher et al., 2020), as well as in the Amazon Basin (Levis et al., 2017), which has encouraged a transition

|

away from a focus on purely “natural” forests toward an understanding of the role Indigenous populations

have played in shaping and managing the biodiversity that exists today (Australian Government
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Department of Agriculture, Water and the Environment, 2021a). The most recent Australian National Her-
itage listing for the Wet Tropics of 2012 includes a statement of cultural significance:

"The Aboriginal Rainforest People of the Wet Tropics of Queensland have lived continuously
in the rainforest environment for at least 5,000 years and this is the only place in Australia
where Aboriginal people have permanently inhabited a tropical rainforest environment.”
(Australian Government Department of Agriculture, Water and the Environment, 2021b).

Ethnographic and historical ecological insights have also documented the significance of the cultivation of
patches of cycads and fruit trees and use of fire to maintain “healthy country” among the Yalanji in the
northern Wet Tropics (Hill and Gribbs, 2000; Hill and Baird, 2003; Hill et al., 2004). The Wet Tropics Man-
agement Authority now requires two of the seven Board of Director positions to be held by Aboriginal peo-
ple and is increasingly raising the profile of the cultural values of the region. Rainforest Aboriginal Peoples,
who have carefully documented their knowledge about being custodians and knowledge-holders for the
region’s forests (Hill et al., 2011), are also being increasingly administratively supported in the setting up
of ranger groups; the application of traditional management practices, including cultural burning, to forest
landscapes; the development of a consultative Traditional Owner Leadership Group; and the creation of
Indigenous Protected Areas (Wet Tropics Aboriginal Cultural and Natural Plan Project Team 2005; National
Environmental Research Program, 2014; Garnett et al., 2017; Wet Tropics Management Authority, 2020b;
National Indigenous Australians Agency, 2021). Rainforest Aboriginal People have been campaigning for
the recognition of the role of Aboriginal land managers in shaping and managing the Wet Tropics since the
World Heritage Area was declared, when Rainforest Aboriginal groups produced a review of Aboriginal
interests in the world heritage nomination, provocatively titled “Which way our cultural survival”? (Review
Steering Committee, 1998). A campaign led by Rainforest Aboriginal People continues to push for re-
listing of the “Wet Tropics” as a UNESCO site of both natural and cultural heritage (Cultural Values Project
Steering Committee, 2016). However, support remains somewhat patchy for the different Aboriginal
groups across the region, and the process of altering the region’s world heritage status is not yet finalized.

In this article, we seek to draw upon a variety of multidisciplinary datasets that are yet to be compiled in a
peer-reviewed publication, to support growing movements looking to re-cast the forests of the Wet Tro-
pics as cultural landscapes as well as purely “primitive” Gondwanan remnants. We suggest that previous
estimations of pre-colonial Aboriginal populations are gross underestimates and that subsequent Euro-
pean activities have hidden the full scale of prehistoric landscape management behind a western environ-
mental determinism, long-term colonial rationales for dispossession, and a lack of acceptance of the scale
of ensuing atrocities on Indigenous demography and land management (Pascoe, 2018). We review evi-
dence for human presence from the Late Pleistocene to European invasion (~45,000 years ago to 1860
AD) before highlighting evidence of deliberate burning to create and preserve productive “"pockets”
composed of sclerophyll forest and grassy vegetation within rainforest environments, the potential tending
and planting of important food plants, and the management of wild fauna. We suggest that these insights
include the “"Wet Tropics” within a growing global recognition that pre-industrial human management of,
and impact on, tropical forests, although once considered limited (e.g., Meggers, 1971; Bailey and Head-
land, 1991), was in fact significant, leaving major legacies for the 21°* century environments and ecological
dynamics, and making them "hotspots” of “anthropocene” processes (Roberts et al., 2017a, 2017b, 2018,
Levis et al., 2017). We argue that these datasets, recent catastrophic bushfire events (Gergis, 2019), and
climate change underpin the growing move in conservation policy within the Wet Tropics toward promot-
ing close dialog between archeological and paleocecological research, Aboriginal cultural values and
knowledge, ecological and conservation priorities, and land management. In this way, it is possible to
explore long-term landscape and biota change, the application of “On Country” management strategies,
and the re-classification of the Wet Tropics to recognize the international significance of its multi-faceted
heritage.

A changing human presence in the Wet Tropics

The Wet Tropics is home to a diversity of forest types that have seen significant temporal fluctuations in
their distribution in the past (Kershaw et al., 2007). Tracey and Webb (1975) and Tracey (1982) have devel-
oped a detailed structural classification for rainforest and related vegetation types in the Wet Tropics. Thir-
teen sub-formations of rainforest, as well as 10 types of rainforest with emergent sclerophylls, have been
identified. Three main types of tropical forest, primarily dictated by geology and precipitation, exist in
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the Wet Tropics (Figure 1) (Wet Tropics Management Authority, 2013; Neldner et al., 2019): complex meso-
phyll and notophyll vine forests occur in granite soils in wet, lowland (mainly <300 m asl) areas, along river
valleys and in basaltic soils in the Atherton Tableland region (averaging 400-1,280 m asl); wet sclerophyll
forest types dominated by eucalypts occur in slightly drier areas; and dry sclerophyll eucalypt forest and
woodland (including Acacia forests) exist in arid areas (Harrington and Sanderson, 1994; Van der Wal
et al., 2009; Haberle et al., 2010; Stanton et al., 2014a, 2014b) (Figure 1). Rainforest types are commonly
characterized ecologically as being fire-resistant and damaged by frequent burning events (Harrington
and Sanderson, 1994; Bowman and Cook, 2001), in contrast to the wet and dry sclerophyll forests and
woodlands, which are considered to be actively adapted to natural and anthropogenic fires (Bowman
and Cook, 2001; Haberle et al., 2010). Significantly, the proportions of these forest types have fluctuated
through time, with sclerophyll woodland more expansive during the Late Pleistocene and rainforest and
wet sclerophyll proliferation occurring in the Early and Late Holocene (Van der Wal et al., 2009; Haberle
et al., 2010). Since the 1980s, and the management of the Wet Tropics as a World Heritage Area, there
has been a significant encroachment of sclerophyll forest types by rainforest (Kemp et al., 2007; Stanton
et al., 2014a, 2014b).

The earliest suggested evidence for human presence in what is now known as the Wet Tropics Bioregion
(which at that time was covered by extensive open sclerophyll forest) comes in the form of spikes in biomass
burning c. 45,000 years ago in paleoenvironmental records from the Atherton Tablelands (Kershaw, 1986;
Turney et al., 2001; Hilbert et al., 2007). However, extensive surveys have failed to find archeological evi-
dence dating to this period (Cosgrove et al., 2007). There is archeological evidence c. 35,000 years ago
at Walkunder Arch, Fern Cave, Sandy Creek, and Ngarrabullgan, all within 100 km of the Wet Tropics
(Campbell, 1984; David and Chant, 1995), and Pleistocene occupation was also recorded at Murubun rock-
shelter on the western edge of the Atherton Tablelands c. 31,000 years ago (Cosgrove et al., 2007) (Fig-
ure 1). Within the Wet Tropics, the first clear evidence for human occupation, and indeed use of rainforest
or sclerophyll resources, only occurs c. 8,000 cal. years BP at the site of Urumbal Pocket (Cosgrove et al.,
2007). Human presence remains sporadic until 2,500-1,500 cal. years BP when increases in artifact discard
rates at Urumbal Pocket, and at several other sites across the Wet Tropics, become apparent. As such, the
tempo of Aboriginal occupation within the Wet Tropics is somewhat unique within Australia more broadly
(Cosgrove, 1996). Elsewhere, following arrival c. 65,000-55,000 years ago, populations moved into a diverse
array of environments by at least 47,000 years ago (McDonald et al., 2018). In the Wet Tropics, clear human
occupation is evident only in the Holocene.

This “late” signature may in partbe due to the fact that much of Australia’s archeological recordis in the form
of undated lithic scatters that are difficult to discern in the densely vegetated environments of the Wet Tro-
pics (Anderson and Robins, 1988; Cosgrove et al., 2007). The strongest available evidence for earlier habi-
tation comes from oral histories of the Traditional Owners, who describe the creation of volcanic crater lakes
on the Atherton Tablelands that are known to have formed 13,000 years ago (Dixon, 1983; Pannell, 2008),
implying human presence in the region in the Late Pleistocene. Meanwhile, on the coast near Cairns, oral
tradition among the Gunggand;ji people recalls places such as Muduaa "the place of the pencil pines” being
drowned by sea levelrise inthe Early Holocene (Dixon, 1983). From around 2,000 years ago, increasingly per-
manenthuman occupation becomes clearly visible across the Wet Tropics (Cosgrove et al., 2007), as has now
been acknowledged in its Australian National Heritage listing (Australian Government Department of Agri-
culture, Water and the Environment, 2021a; 20271b). Nevertheless, there has thus far been relatively little dis-
cussion of the scale of this occupation. Commonly cited estimates of the pre-contact Aboriginal population
numbers in the region, based on European census data and ethnographic analysis, lie around 5,500 people
(Harris, 1978; Tracey, 1982), a number that perhaps suggests limited pre-colonial impact on the environ-
ments of the Wet Tropics. This is particularly the case given assumptions that the rainforests of the Wet Tro-
pics would have been broadly unattractive to human settlement, a perspective also used to explain a rela-
tively late occupation of the region, with toxic nuts and tubers, and sparse, difficult-to-catch fauna only
becoming desirable in the Mid-Holocene when specialized adaptations to the attainment and processing
of these foods arose in response to climate change (Cosgrove, 1996; Cosgrove et al., 2007).

Nonetheless, three main lines of emerging archeological, historical, and ethnographic evidence hint that
the region may have been more densely populated than has often been assumed. First, the surface finds of
many thousands of stone axes, grinding stones, flaked stone artifacts, and other implements, as well as a
high density of documented Aboriginal camping and ceremonial grounds (Horsfall, 1996), imply much
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Figure 2. Map of Aboriginal walking tracks and major cultural landmarks in the vicinity of Koombooloomba and
Urumbal Pockets

Shown in terms of the area’s location within the Wet Tropics Bioregion and redrawn from Queensland Tully, Sheet No74,
Zone 7,2093 Tully 1 Inch Series, Surveyed by 5 Aust Fd Svy Coy AlF, Detail from Air Photos Dec. 1943, Brisbane. (A) View of
Balan Garrya (Tully Falls Gorge); (B) photograph of Aboriginal children on a maintained walking track in the Wet Tropics.
Source: Courtesy John Oxley Library, Brisbane (late 1800-early 1900s); (C) aerial image of Gumbalumba
(Koombooloomba) Pocket showing the clear impact of past Aboriginal fire management still visible within modern
rainforest vegetation. Source: Creative Commons Attribution 4.0 license. State of Queensland. (D) View of Urumbal
Pocket from Balan Jaban (Tully River).

more widespread occupation of the region in the past. Second, colonial archives written at the time of Eu-
ropean contact also imply much more widespread occupation of the Wet Tropics. For example, during the
first inland expedition to Cape York, expedition leader Edmund Kennedy described the Wet Tropics land-
scape as “a patchwork made up of open forest pockets, rainforest and tracks” (Beale, 1977) (Figure 2), and
in 1876 gold prospector James Mulligan described large clusters of huts located in open eucalypt pockets
on the fringe of the rainforest on the Atherton Tablelands, which he referred to as townships:

“There are roads off the main track to each of their townships, which consist of well-thatched
huts, big enough to hold five or six people. We counted eleven townships since we arrived”.
(Mulligan, 1876)
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Recollections by Europeans also include descriptions of thousands of Aboriginal people meeting for cere-
monial gatherings (e.g., Morrill, 2006), suggesting a much higher pre-contact Aboriginal population in the
region than prevailing estimates. An abundance of historical documents and oral history testimonies
describe the forced relocation of Rainforest Aboriginal People to stations and missions, and the genocide
of hundreds, if not thousands, of Aboriginal people from the region (e.g., Loos, 1982), likely leading to a
bias in pre-contact demographic estimations. Third, Rainforest Aboriginal Peoples (Aboriginal Australian
people originating from the rainforest regions of Far North Queensland), in part based on oral histories
passed down from Aboriginal Elders (Pannell, 2008; Nunn and Reid, 2016; Rossetto et al., 2017), have
emphasized the fact that the environments of this region are a product of generations of Aboriginal
land management. Future archeological and ethnohistorical work may therefore reveal an even greater
extent of pre-colonial human occupation across the Wet Tropics, as has been demonstrated elsewhere
in the tropical world (Heckenberger et al., 2003; Bush et al., 2015; Koch et al., 2019).

A DYNAMIC RELATIONSHIP BETWEEN HUMANS AND TROPICAL FORESTS IN AUSTRALIA

The aforementioned evidence provides a context for the tempo of occupation of the Wet Tropics as well as
the extent of settlement at the time of European contact. There is also clear evidence that these Aboriginal
societies significantly used and manipulated the environments of the Wet Tropics with lasting legacies.
Perhaps most clear in this regard is the long-term evidence for the maintenance of environmental bound-
aries in the Wet Tropics through burning (e.g., Hill and Baird, 2003; Moss et al., 2012). Ethnographicrecords
across Australia have long demonstrated that frequent, low-intensity burning, so-called fire-stick farming
(Jones, 1979), was utilized by Aboriginal communities to alter plant and animal communities, increase
biodiversity, reduce hazards, control weeds, and facilitate hunting (Jones, 1979; Jurskis, 2009; Gammage,
2012). Fletcher et al. (2020) have recently demonstrated how the forced cessation of Aboriginal burning
following British invasion in Tasmania has led to the gradual replacement of grassland by cool temperate
rainforest. Although the probability of Aboriginal burning of the fire-prone sclerophyll forests of the Wet
Tropics has been considered high, traditionally, fire activity in rainforests is thought to have been rare
due to high soil moisture, where fires started by lightning are extinguished by the following high rainfall
(Stocker and Mott 1981; Metcalfe and Ford 2008:127). Yet, charcoal identified from two rainforest species
Halfordia sp. and Pouteria sp. has been dated to 400-200 years ago in soils excavated under what was pre-
viously assumed to be “natural” modern rainforest (Cosgrove, 2005). Graham (2006:82) also recovered
charcoal from six rainforest locations dating to between c. 780 and c. 7,790 years ago. The presence of char-
coal in rainforest soils therefore suggests these fires were likely caused by human ignition, which, in turn,
indicates a long history of Aboriginal burning to manage rainforest environments, including the opening of
patches of forest for ceremonial grounds and the clearing of walking tracks and camp sites through tradi-
tional burning methods such as the placing of hot coals at the base of lawyer vines (Australian Government
Department of Agriculture, Water and the Environment, 2021a).

Indeed, available archeological and paleoecological data suggest that Aboriginal burning was likely a key
force in the Wet Tropics pre-contact. Although claims of deliberate human burning c¢. 45,000-30,000 years
ago (Turney et al., 2001) remain tentative, fire-event frequencies, estimated on the basis of macrocharcoal
(>125 microns) and microcharcoal (10-125 microns) counts, increase in paleoenvironmental archives at
Lake Euramoo and Quincan Crater from 4,000 years to peak at 2,000 years ago, following a period of dra-
matic rainforest expansion between 8,500 and 5,000 years ago (Haberle, 2005; Haberle et al., 2010). This
coincides with increased Aboriginal site visibility and evidence for specialized use of rainforest resources
in the region (Cosgrove et al., 2007). Accounts by Aboriginal Elders recount that frequent low-intensity
burning enabled Aboriginal communities to maintain open “pockets” for camps and ceremonial activities
and pathways between resource clusters and to ensure that sclerophyll and rainforest sub-canopies re-
mained clear of unwanted rainforest taxa (Figure 2):

“When we arrived at the camp, the women would clean up and burn the old leaves and sticks. They
liked it nice and tidy in camp ... Fires were built on top of old fires, each hut had at least one fire-
place, and there was a large communal fire. Each family managed an area of rainforest, it was their
responsibility to keep it clean and productive” (M. Barlow, 2004, quoted in Ferrier, 2015).

Hill and Baird (2003) have also documented the use of fire by Rainforest Aboriginal People to convert
patches of rainforest into open forest, to maintain patches of open forest and fire-enhanced resources
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within them, and to protect fire-sensitive resources in the rainforest and rainforest margins from wildfires.
The extent to which burning of the rainforest was practiced in pre-contact times is also evident in the recent
succession of sclerophyll environments, with an expansion of rainforest vegetation occurring following the
forced suppression of fire activity over the last 100 years (Stanton et al., 20143, 2014b). Although this pro-
cess may also be influenced by climatic drivers (Cernusak et al., 2019), it is exacerbated by a lack of human
management, which has resulted in the buildup of hazardous fuel loads and declines in numbers of
economically useful plants and animals reliant on more open canopies (Van der Wal et al., 2009; Stanton
et al., 2014a, 2014b).

Archeobotanical and archeological use-wear studies of stone tools have revealed the significance of
various edible plants, many of which are part of the endemic Gondwanan heritage of the region and
that would have been promoted by forest management, to Aboriginal diets and livelihoods across the
Wet Tropics (Australian Department of Agriculture, Water and the Environment, 2021a). Archeobotanical
evidence at sites such as Urumbal Pocket, Goddard Creek, Murubun rockshelter, and Jiyer Cave has shown
the use of rainforest plants c. 5,000 years ago (Cosgrove, 1996; Cosgrove et al., 2007; King and Dotte-Sar-
out, 2018). Endocarps of yellow walnut (Beilschmiedia bancroftii) are particularly prominent after 2,000
years ago. Yellow walnuts are toxic and, as noted ethnographically, require leaching and processing, often
using specialized basketry, to become edible (Pedley, 1992; Cosgrove, 1996; Tuechler et al., 2016). Starch
residue analysis from incised grindstones suggests these tools were used to grind detoxified walnuts into
paste (Cosgrove et al., 2007). A suite of other economically useful rainforest plants including black bean
(Castanospermum australe), black walnut (Endiandra palmerstonii), black pine (Sundacarpus amara), cy-
cads (Cycas media), and round yams (Dioscorea bulbifera) have also been recorded as part of the Aborig-
inal rainforest diet (Pedley, 1992; Cosgrove et al., 2007). Together, specialized use of starchy, high-protein
plants would, in contrast to traditional assumptions of resource paucity, have enabled permanent occupa-
tion of the rainforest (Cosgrove, 1996; Wet Tropics Management Authority, 2020b; Australian Government
Department of Agriculture, Water and the Environment, 20271a, 2021b) (Figure 3). This recognition has par-
allels with archeological and paleoecological research in the Amazon Basin where arguments that pre-
colonial human populations could not thrive in the Amazon rainforest due to a lack of reliable carbohydrate
access (Meggers, 1971) have now been proved to be inaccurate.

In the case of the Wet Tropics, it seems increasingly likely that these plants were also “cultivated,” at least in
an agroforestry sense. Ethnographic and historical records note the caching of processing equipment
(Mjsberg, 2015 [1918]) and storage of large, surplus piles of nuts in campsites (Tuechler et al., 2016).
Ground-edge axes were likely a key part of the production of clearings for settlement, ceremonial grounds,
and, perhaps, the promotion of economically beneficial tree species (Meston, 1904; Cosgrove, 1996, Cos-
grove et al., 2007). This “planning” can also be seen in the Aboriginal management of animals. Zooarcheo-
logical analysis of sites such as Jiyer Cave have noted the exploitation of the green tail possum (Pseudo-
cherius archeri), musky rat-kangaroo (Hypsiprymnodon moschatus), wallaby (Macropod family), and
white-tailed rat (Uromys caudimaculatus), as well as snakes, birds, lizards, and fish (Cosgrove, 1996; Cos-
grove and Raymont, 2002). Tree kangaroos (Dendrolagus spp.) were historically recorded as a highly
sought-after flesh, hunted using tamed rainforest dingoes and elaborate rainforest lawyer cane (Calamus
spp.) traps. Perhaps most intriguing are historical references to the Aboriginal capture and taming of young
cassowaries (Casuarius casuarius) before the raising and fattening of these birds for later slaughter during
large inter-tribal gatherings (O’'Leary, 2019 [1918]) (Figure 3). As well as meat, given that these birds are
known to concentrate fruit and nuts in their dung on the forest floor, an initially mutualistic relationship
with this species may have been gradually transformed into more deliberate cultivation of economic plants,
as noted in other sites of “agricultural origins” around the world (Spengler and Mueller, 2019).

HISTORICAL ECOLOGY AND ETHNOBOTANY

Crucial to modern ecological and conservation discussions is the degree to which these activities have left a
mark on vegetation structure, distributions, and overall biodiversity. Research in the Amazon Basin over the
last two decades has, for example, demonstrated the use of native and exogenous domesticated plants
(Piperno and Pearsall, 1998; Clement et al., 2015; Lombardo et al., 2020) and vast landscape modifications
(Maezumi et al., 2018a; Lombardo et al., 2020). However, perhaps most startling is the historical ecology
and ethnobotanical research that has demonstrated that pre-colonial settlement has left a significant
mark on the Amazon rainforest as it exists today (Levis et al., 2017; Maezumi et al., 2018a). For example,
data from the Amazon Tree Diversity Network (ATDN) has shown that over 200 hyper-dominant species
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Figure 3. Compilation of rainforest foods and environments known to have been used by Rainforest Aboriginal
groups

(A) Sundacarpus amara (Black pine). Source: Photograph by R. Cosgrove.

(B) Beilschmiedia bancroftii (Yellow walnut). Source: Photograph by R. Cosgrove.

(C) Casuarius casuarius (cassowary). Source: Photograph by R. van Raders.

(D) Incised slate grinding stone gifted to Mjéberg by a European settler in the Ravenshoe district. Source: Courtesy
Museum of Ethnography, Stockholm. (E). Yellow walnut processing using traditional technology. Source: Photograph by
R. Cosgrove.

(F) Remnant tropical rainforest in the North Johnstone River district. Source: Photograph by R. Cosgrove.

of the estimated 16,000 tree species of the Amazon account for half of the trees in the entire basin (Ter
Steege et al., 2013). Species semi-domesticated or domesticated by Indigenous populations are five times
more likely to be one of these 200 (Levis et al., 2017). Indeed, the location of these supposedly “wild” tree
species, as well as their genetic makeup, have been definitively linked to human settlements, with humans
evidently translocating key taxa (Clement et al., 2015; Shepard and Ramirez, 2011). Evidence points to
dispersal across the basin of Brazil nut (Bertholletia excelsa) (Thomas et al., 2015), for example. In this
way, pre-colonial populations have had a major hand in the current vegetation composition, distribution,
fire regimes, and even carbon cycling across this vast basin (Fauset et al., 2015).

This research has forced ecologists and conservationists to contend with the Amazon Basin as a region of
immense cultural, as well as natural, significance (Clement et al., 2015). Moreover, it has made the documentation
of Indigenous knowledge of past land management essential to the formulation of sustainable policies for con-
servation (Cassino et al., 2019). Research on Aboriginal knowledge of past land use in the Wet Tropics can simi-
larly provide valuable information on regionally specific traditions of tropical forest management, including fire
management practices, toxic nut processing, and biocultural values. Nevertheless, evidence for past rainforest
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Figure 4. Evidence of pre-colonial anthropogenically influenced plant distributions in Australia

(A) The areas of three recent genetic studies focusing on (a) black bean (Castanospermum australe) (Rossetto et al., 2017);
(b) Livistona mariae (Kondo et al., 2012); and (c) boabab (Adansonia gregorii) (Rangan et al., 2015). (B) Detail of black bean
known distribution based on herbarium records (diamonds), genetic samples (circles), and songline locations in northern
New South Wales northern river catchments (adapted from Rossetto et al. (2017), Figure 2).

resource use has yet to be empirically connected to the distribution and composition of modern ecosystems.
Botanical surveys have documented that economically important tree species are commonly found closely clus-
tered together (Irvine, 1985). For example, within just a 0.5-hectare area of the Wet Tropics it was found that 20
trees of the Kuranda quandong (Elaeocarpus bancroftii) grew much closer together than would be expected as a
product of natural seed dispersal (Tracey, 1982; Irvine, 1985). Indeed, concentrations of tree species used for their
nuts and fruits across the Wet Tropics heritage area (Tracey, 1982; Irvine, 1985) have been ethnographically
observed playing a key role in the structure of Aboriginal settlements, pathways, and even ceremonial practices
(Harris, 1987). Today, the presence of economically useful trees are important indicators of archeological site lo-
cations and a cluster of economically useful tree species is usually discerned close to past locales of Aboriginal
occupation (McCracken, 1989).

It thus seems likely that the distribution of food plants in the Wet Tropics are also, at least partly, a product
of deliberate human agency. Aboriginal Elders and European settlers on the Atherton Tableland recall
participating in and witnessing the traditional practice of spitting and spreading native seeds along
walking tracks to ensure the continual renewal of food plants (Smith, 2007). Human-mediated plant distri-
butions have been identified in several regions of Australia through genetic, ecological, linguistic, archeo-
logical, and ethnographic research (Figure 4). Baobab (Adansonia gregorii) and palms (Livistona mariae)
have been shown to be anthropogenically dispersed species (Kondo et al., 2012; Rangan et al., 2015),
the latter hypothesized to have appeared with humans in central Australia as early as 15,000 years ago.
Research is also underway to test hypotheses of cultural imprints on key rainforest plants, and a similar
multidisciplinary approach has now identified a recent and rapid dispersal of black bean (Castanospermum
australe) based on its narrow genetic diversity and wide distribution across dissected territory in northern
New South Wales (Figure 4) (Rossetto et al., 2017). Black bean is commonly found in economically useful
tree clusters in the Wet Tropics, and Aboriginal oral histories and exchange networks provide a clear cul-
tural framework for a distribution that is highly unlikely to be the result of natural dispersal mechanisms
(Rossetto et al., 2017). This demonstrates the potential for innovative transdisciplinary research, with
Aboriginal knowledge of landscape histories at its core, to further document the cultural heritage of the
Wet Tropics Bioregion following trends in other tropical forest zones.

Trees also have clear cultural significance to a number of Aboriginal rainforest groups, notably seen in the

form of dendroglyphs in eastern Australia, including the rainforest of the Wet Tropics (Buhrich et al., 2015;
Buhrich and Murison, 2020), where they have been recorded on Mamu, Jirrbal, Western Yalanji, and Gimuy
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Figure 5. Schematic showing changing fire dynamics following the disruption of Aboriginal burning practices
within the rainforests of the Wet Tropics
(A) Pre-1900: Pre-European Indigenous land management in the Wet Tropics Bioregion using fire to maintain open

pockets for camp-sites, clear pathways, rainforest/sclerophyll edges, and intact, biodiverse rainforest areas with
managed floors (B). Early to mid-1900s: Thickening of rainforest under-growth and invasion of rainforest species into
sclerophyll pockets and rainforest/sclerophyll frontiers after restriction of Rainforest Aboriginal People from full-time
occupation of country (C). Post 1940s: Disruptions to fire and Aboriginal land management resulting in dense under-
growth, which, with human-induced climate warming and aridity, is leading to growing numbers of unprecedented
wildfires.

Yidinji estates. Rainforest dendroglyphs include abstract and geometric designs as well as a small number
of male anthropomorphs and are often positioned on Aboriginal walking tracks (Buhrich et al., 2015; Buh-
rich and Murison, 2020). These carvings are often difficult to date and are increasingly under threat as trees
die. In addition, Rainforest Aboriginal People have had restricted access to land and decision-making pro-
cesses for a long time, limiting their ability to monitor them (Buhrich et al., 2015). Despite initially being
considered impossible in the tropics due to a lack of environmental seasonality, dendrochronological
studies have recently demonstrated that many tropical tree species do in fact form annual rings. Although
many Australian species have yet to be tested for dendrochronological potential, species such as Austra-
lian red cedar (Toona ciliata) have been successfully used to reconstruct precipitation and forest dynamics
(Heinrich et al., 2008). Such analyses can be used to develop chronologies for tree growth and dendroglyph
creation, as well as to study changes in growth patterns of different species with different ecological toler-
ances and, ultimately, changing human presence and use of the forest (Caetano-Andrade et al., 2019).

THE NECESSITY OF AN ACTIVE CULTURAL HERITAGE—A CELEBRATION OF “ON
COUNTRY” MANAGEMENT IN THE WET TROPICS

The emerging archeological, historical, and paleoecological data further highlights the necessity of
including Traditional Owners in management plans for the environments of the Wet Tropics, something
that they, and their supporters, have been campaigning for since the inception of the Wet Tropics Biore-
gion, and that is being increasingly achieved through the National Heritage listing for cultural values and
Aboriginal representation within the Wet Tropics Management Authority (Review Steering Committee,
1998; Wet Tropics Aboriginal Cultural and Natural Plan Project Team, 2005; Wet Tropics Management Au-
thority 2020e). The cessation of Indigenous burning in the Amazon Basin changed forest fire regimes, from
low-intensity, frequent burns to large-scale European clearance or abandonment, leading to a loss of fire-
adapted taxa and the build-up of flammable fuel load on the forest floor (Maezumi et al., 2018b). With pre-
vious substantial barriers to Indigenous management for nearly 50 years, similar dynamics have been
observed in the rainforests of the Wet Tropics (Stanton et al., 2014a, 2014b). As Figure 5 shows, long-
term Aboriginal landscape structuring in the form of cleared pathways, open “pockets” for settlement, rain-
forest/sclerophyll edges, useful clusters of economic trees species, and intact, biodiverse rainforest areas
with managed floors would once have acted as key barriers to the spread of fire (Figure 5A). However, these
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managed landscapes have been compromised as rainforest species encroach sclerophyll ecosystems in
the absence of well-honed human management practices (Figure 5B). Moreover, sub-canopy growth
that was once kept clear by frequent Aboriginal burns represents an increased fuel load that, when accom-
panied by ever drier conditions in the face of human-induced climate change, can ignite and destroy even
the most fire-adapted of tree species (Figure 5C). Increasingly, severe forest fires are now affecting rainfor-
est (Gergis, 2019; Edwards and Krockenberger, 2006), and food trees once promoted by Aboriginal com-
munities will soon be succeeded by other rainforest tree taxa (Stanton et al., 2014a, 2014b; Van der Wal
et al., 2009). It is not just the native flora that is at risk, however. Tree kangaroos thrive in forests with an
open understory (Heise-Pavlov et al., 2011; Heise-Pavlov, 2017); meanwhile cassowaries require some
form of open “corridors” and patches for feeding (Kutt et al., 2004; Campbell et al., 2014). Consequently,
frequent Aboriginal clearance of understories and tracks, alongside maintenance and protection of areas
of rainforest, would have benefited populations of these endemic rainforest animals (Hill and Baird, 2003).
The regrowth of dense vegetation in the absence of Aboriginal land management, alongside urbanization,
expanding agriculture, vast areas of complete forest clearance, and the incursion of invasive species, such
as feral cats (Laurance and Goosem, 2008; Stork et al., 2008), are posing a serious conservation risk to these,
and other, endemic rainforest animals.

These issues have been repeatedly emphasized by Rainforest Aboriginal Peoples, as well as their admin-
istrative and scientific supporters, and are now being increasingly acted upon. The Wet Tropics Manage-
ment Authority now promotes rainforest Aboriginal culture through the provision of a small grants program
for Rainforest Aboriginal People to conduct research and cultural heritage protection, the circulation of a
Rainforest Aboriginal Newsletter (Wet Tropics Management Authority, 2020c), dedicated Aboriginal proj-
ect staff, support for Indigenous Land and Sea Rangers, and a commitment to Aboriginal engagement in
the review of the Wet Tropics Management Plan overseen by the Traditional Owner Leadership Group (Cul-
tural Values Project Steering Committee, 2016; Wet Tropics Management Authority, 2020d, 2020e). Under
the recently announced “Wet Tropics Strategic Plan 2020-2030," Rainforest Aboriginal People can, among
other things, seek joint management of National Parks and have input into the permit process for scientific
research on their native title estates. The Strategic Plan also addresses access arrangements that aim to
support Rainforest Aboriginal People contributing to ongoing research. These approaches are already
showing clear benefits, both ecological and cultural. In the Daintree National Park, north of the city of
Cairns, Kuku Yalanji Bama Traditional Owners, with the support of Queensland Parks and Wildlife Services,
are now applying cultural burns to protect life and property, mitigate wildfires, and maintain the natural
diversity of the region, and Aboriginal traditional knowledge is being applied to develop fire management
zones to protect cultural landscapes as a matter of high priority (Queensland Parks and Wildlife Service,
Department of Environment and Science, 2019). Since 2017, the Queensland Department of Environment
and Science has funded a number of Aboriginal-led fire projects in the Wet Tropics through their Looking
After Country grant program. One is that of the Djabugay Bulmba Rangers, who have recently developed
an active annual program of managing country with fire. This involves renewed studying of landscapes, un-
derstanding which forest types occur where, and when it is the right time to apply fire as indicated by sea-
sonal signs in the vegetation (Hunter, 2020). The aim is not simply to mechanically reduce fuel loads that
have been causing significant problems during wildfire events, but to culturally reconnect with the land-
scape (Hunter, 2020). The reapplication of cultural burning has seen the Djabugay find burning-related
meanings in songs and phrases that were previously lost, while also rejuvenating the use of their language
while working on country. To the Djabugay Bulmba Rangers, cultural burning also provides a source of eco-
nomic benefits through the carbon market for the group, while they simultaneously make positive changes
to the environment. Federal initiatives relating to the establishment of Indigenous Protected areas also
hold much potential for the Wet Tropics (National Environmental Research Program, 2014).

There has also been growing support for Aboriginal Ranger Groups, such as that of the Djabugay, as well as
the Jabalbina and Girrigun, from the Queensland State, Australian Federal Governments, and the Wet Tro-
pics Management Authority. These groups enable Rainforest Aboriginal People to take an active role in
monitoring ecological dynamics “On Country” and managing vegetation zones and animal species. These
initiatives are positive steps forward and are a testament to the tireless campaigning by Rainforest Aborig-
inal People. Significantly, the Wet Tropics Strategic Plan 2020-2030 now allows for a number of landscape
uses within the World Heritage Area, including permanent living areas. The Mandingalbay Yidinji People
have developed a certified ecotourism initiative as part of their native title while also monitoring their Indig-
enous Protected Area, linked with the International Union of the Conservation of Nature, through Ranger
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Groups and biodiversity surveys (Mandingalbay Yidinji People, 2017). These successful initiatives clearly
indicate that more funding is required for these benefits and practices to be extended more widely across
the Wet Tropics. Part of this requires the enabling of Traditional Owners to look after country, which they
currently describe as “sick” or “dirty,” through burning practices mentioned above, and the re-opening of
old walking tracks and sclerophyll forest pockets. This process requires understanding of individual groups’
"estates” within the Wet Tropics, individual Traditional Owner groups’ aspirations for land management,
and how those aspirations match the myriad of policy and legislative requirements. Although regional
leadership groups and formal alliances play a role in negotiations with government bodies, communities’
desires to make decisions at the Prescribed Body Corporate (PBC) level, which reflects native title engage-
ment and Indigenous governance in land management, matters. It is also important to recognize that cul-
tural heritage is broader than purely material remains and that for Rainforest Aboriginal Peoples, complex
knowledge systems, which are often associated with active relationships between people and places, are
equally important (Bottoms, 1999; Pannell, 2005; Gratani et al., 2014).

Based on the information reviewed above, we would suggest that “long-term” perspectives from archeol-
ogy, history, and palececology can also make contributions to these management plans by adding
detailed reconstructions of vegetation change, insights into human use of plants and animals, and the map-
ping of cultural sites and walking routes, into the existing corpus of Traditional Owner knowledge. This is
something the Wet Tropics Management Authority is also increasingly supporting. In September 2019, the
Queensland Government “Looking After Country” grant supported Jirrbal Traditional Owners to return to
Urumbal Pocket on the upper Tully River (Figure 2). As part of the visit, Jirrbal Traditional Owners undertook
archeological, botanical, faunal, and cultural surveys, working with archeologists who have previously exca-
vated the site to demonstrate occupation back to ~8,000 years ago (Cosgrove et al., 2007; Ferrier, 2015)
and the subsequent development of toxic nut food processing at the site. Meanwhile, ecologists and his-
torical ecologists identified the imprint left on the local vegetation by past human activities and subsequent
management limitation. The visit facilitated a reconnection between Traditional Owners and their country
and initiated discussions relating to the application of burning and other land management tools to re-
open the pocket for settlement and activities as well as pathways between this pocket and other areas
of the landscape (Wet Tropics Management Authority, 2019). Further support of these varied examples
of Indigenous-led projects will help yield country-specific approaches to land management, custodianship,
ecological dynamics and sustainability, and the reinvigoration of knowledge systems connected to active
management of landscapes that were significantly impacted as a product of colonial invasion and Aborig-
inal relocation, as has been fore-fronted in other parts of Australia (Fletcher et al., 2020).

CONCLUSIONS: THE GLOBAL CULTURAL AND NATURAL SIGNIFICANCE OF THE WET
TROPICS

In the last two decades, there has been a dramatic and prominent re-evaluation of past human influences
on tropical rainforests around the world (Iriarte et al., 2007; Clement et al., 2015; Levis et al., 2017; Roberts
etal., 2017a; Roberts, 2019; Maezumi et al., 2018a). In the 1980s, anthropologists argued that tropical rain-
forest environments were effective “Green Deserts,"” being carbohydrate poor and lacking reliable protein
resources (Bailey et al., 1989; Bailey and Headland, 1991). Archeologists drew on these ideas, as well as
challenges related to disease and thermoregulation in these habitats, to suggest that they would have
also represented significant barriers to human occupation, at least until the development of specialized
subsistence technologies during the Holocene (Gamble, 1993; Bird et al., 2005; Boivin et al., 2013). None-
theless, these perceptions have been refuted by anthropologists and historical ecologists (e.g., Colinvaux
et al., 1991), as well as through growing archeological and paleoecological research that has highlighted
that our species, Homo sapiens, rapidly occupied tropical rainforest environments as it arrived in South
Asia, Southeast Asia, and Near Oceania (Barker et al., 2007; Summerhayes et al., 2010; Roberts et al.,
2015, 2017b; Westaway et al., 2017). Not only that, but from the Holocene, these environments witnessed
the emergence of cultivation practices (Denham et al., 2003; Lombardo et al., 2020), vast urban centers
(Evans et al., 2007; Canuto et al., 2018), and the often-catastrophic impacts of European colonialism (Lewis
and Maslin, 2015; Koch et al., 2019). Today, it has been recognized that instead of being “blanks” on an
archeological map, pre-industrial human populations living in tropical forests were so significant that
they dictated the nature of the soils (Neves et al., 2003; Arroyo-Kalin, 2010, 2012), species diversity and dis-
tribution (Ter Steege et al., 2013; Clement et al., 2015; Levis et al., 2017), and perhaps even regional (Cook
etal., 2012) and global (Koch et al., 2019) climates, making them key sites of discussions of the origins of the
"Anthropocene” whose legacies we see all around us today (Roberts et al., 2018).
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The Wet Tropics Bioregion has long been acknowledged as being of global significance to ecological and
evolutionary studies (Sanderson, 2008; Wet Tropics Management Authority, 2020a). However, in light of the
ongoing work, activism, and expression of traditional knowledge by Rainforest Aboriginal Peoples, and our
review of the existing multidisciplinary evidence, the Wet Tropics Bioregion is also of clear global signifi-
cance for its cultural values (see also Hill et al., 2011). Although the tempo of occupation may be different to
other tropical forests (Roberts and Petraglia, 2015), and archeological evidence for Pleistocene occupation
remains sparse, Traditional Owner knowledge suggests habitation by at least the terminal Pleistocene
(Dixon, 1983; Pannell, 2008), with definite material traces of occupation by 8,000 years ago (Cosgrove
etal., 2007; Ferrier, 2015). Detailed archeobotanical, archeozoological, archeological, and palececological
evidence, as well as persisting knowledge and testimonies of Rainforest Aboriginal Peoples, documents
the expansion of populations, sophisticated processing of toxic rainforest tree fruits, the burning of rain-
forest and sclerophyll environments, and hunting of forest-dwelling vertebrates during the last 2,000 years
(Hill and Baird, 2003; Cosgrove et al., 2007; Ferrier, 2015). National bodies and heritage statements are now
rightly using this evidence to recognize the clear cultural presence of Rainforest Aboriginal Peoples in the
Wet Tropics, and the importance of their custodianship over these landscapes today. To this, we would also
add, based on the material covered above, that there are hints of evidence for active translocation of
certain tree species, management of economic useful plant distributions, and at least some tentative sig-
nals of animal management. We would also encourage a reconsideration of the scale of pre-colonial
Aboriginal presence in the region, with existing estimates based on European census data likely to be
skewed by the same biases that have plagued population estimates across Australia (Gammage, 2012; Pas-
coe, 2018). Based on ethnohistorical accounts and archeological artifact distributions, it seems likely that
the number of Aboriginal people living within the Wet Tropics, making use of its plant and animal re-
sources, and shaping these ecosystems, was much more significant than has often been appreciated. A
re-evaluation of the demographicimpacts of colonial invasion, relocation, and genocide in the Wet Tropics
is likely to yield significant insights into the historical ecology of the region, such as those found elsewhere
in the tropics, for example, in the Amazon Basin (e.g., Heckenberger et al., 2003, 2008), much of the Neo-
tropics (Koch et al., 2019), and the Pacific realm (Newson, 2009).

UNESCO has recently highlighted the significance of joint listings in tropical forest landscapes. We hope
that the long-term, multidisciplinary perspectives presented in this review, based on the existing literature,
adds further resources for the ongoing knowledge contributions and campaigning by Rainforest Aboriginal
Peoples and their supporters, to re-list the Wet Tropics Bioregion as a site of international biocultural (cul-
tural and natural) heritage with UNESCO (Cultural Values Project Steering Committee, 2016). This would
add to the two Indigenous cultural landscapes formally recognized as joint sites of cultural and natural her-
itage by UNESCO in Australia: Budj Bim in Victoria and Uluru-Kata Tjuta in Central Australia. The Wet Tro-
pics has now been acknowledged nationally for both its cultural and natural values (Review Steering Com-
mittee, 1998; Wet Tropics Aboriginal Cultural and Natural Plan Project Team, 2005; Cultural Values Project
Steering Committee, 2016), and, moreover, Rainforest Aboriginal Peoples are increasingly applying tradi-
tional knowledge and land management practices, including burning, with ever-growing support from
administrative bodies such as the Queensland Department of Environment and Science. The provision
for more specific “Country Based Plans” for all Rainforest Aboriginal groups, and the development and
support of more detailed local paleoecological, archeological, and anthropological assessments of land
management changes, within a framework of traditional knowledge, will almost certainly, like other locally
driven conservation schemes around the tropics, yield profitable results (Ricketts et al., 2010; Sheil et al.,
2015). Australia is facing intensifying challenges in the form of climate change, more frequent bushfires,
and a loss of biodiversity that are only likely to increase as the 21° century wears on. In the Wet Tropics,
these challenges are not only beginning to impact the unique flora and fauna that are so crucial to its in-
ternational natural heritage listing, but also the millennia of human occupation, cultural values, and knowl-
edge caught up in its biota and land. Growing acknowledgment, and detailed investigation, of the joint
natural-cultural significance of this region, so long advocated by its Traditional Owners, promises to further
raise awareness not only about the international importance of the Wet Tropics but also as to how to best
shape and inform the protection of the ecological, economic, and cultural resources that are so crucial for
its Aboriginal inhabitants as well as for the nation, and the planet, as a whole.
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