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Abstract
Climate projections indicate an average rise in temperature in the range of 3-7ºC for central
Australia by 2100 and a decline in thermal comfort. There is uncertainty in the future spatial
and temporal occurrences of extreme events such as floods and droughts, though heat
stress is predicted to become more frequent in central Australia. To a large extent, sustainable
development in this region aims to create self-sufficient and vibrant remote desert-based
communities. In this paper, we examine the prospects for sustaining native bush food
production in central Australia under a changing climate. Harvesting of native plants for bush
food has strong relevance in a central Australian context, where many bush foods have cultural
significance to Aboriginal peoples. The native bush food industry is also important in central
Australia as it provides employment for local people and sustains the knowledge and practice
associated with culturally significant plants. However, the projections of climate change in the
region suggest an increasing risk – to plant production, workers’ safety, and getting product
to markets. A pathway of the potential steps needed for adaptation (i.e. adaptive pathway) is
conceptualised in this paper as to how native bush food production can become a climateready and enduring industry in central Australia.
Introduction
More than 41,000 small to medium sized enterprises operate across Australia’s arid or desert
region, of which 500 are Aboriginal-owned and around 100 are community controlled art
centres (Race, 2015). The bush food industry is also one such emerging business activity
which also involves Aboriginal people. Arid Australia is also home to numerous Aboriginal
communities involved in the customary harvest of bush food resources and who have extensive
knowledge regarding the harvesting and use of bush foods. The Australian bush food market
system thus includes harvesting by Aboriginal communities within a customary law system
that negotiates specific rights and responsibilities, and also harvesting by non-Aboriginal bush
food enterprises working within the framework of Western laws and aim to maximise financial
returns (see Merne Altyerre-ipenhe Reference Group, Douglas & Walsh, 2011).
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The Australian bush food industry is small compared to other agricultural pursuits, but it makes
a valuable contribution, both financially and culturally, to people living in arid parts of Australia
(see Figure 1 for arid and semiarid regions in Australia). There are no reliable estimates for the
total value of the bush food industry in this part of the continent; however it would represent
a considerable part of the $18.5M industry that employs 500-1,000 people. Moreover, this
value is increased five-fold following processing, which most raw bush food products undergo
(Clarke, 2012) before they reach their largely metropolitan markets. The bush food products
derived primarily from remote arid regions include bush tomato (estimated annual farm gate
value of $540K), Kakadu plum ($240K), desert lime ($225K), quandong ($180K) and wattle
seed ($150K) (Clarke, 2012).
The impact of climate change is no less an issue for the Australian native bush food industry
than for other sectors of agricultural enterprise. However, as the industry is based on native
plants that have evolved to suit the wide range of environments found throughout Australia,
the native bush food industry presents some atypical situations and opportunities in regard
to climate change adaptation. The aim of this paper is to conceptualise potential adaptation
strategies for native bush food production under the changing climate of the arid region
of central Australia. We refer to adaptation of the bush food industry with and without the
involvement of Aboriginal communities here.
Figure 1: Australian arid zone

Source: L.S. Lee ©, CRC for Remote Economic Participation, 2015
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Climate projections and bush food production in the Australian arid region
In the arid region of central Australia, climate model outputs show high confidence in the
projection of meteorological parameters such as temperature and extreme heat events.
(CSIRO & Bureau of Meteorology, 2015a). However, the magnitude and direction in which
rainfall may vary for central Australia is uncertain (CSIRO & Bureau of Meteorology, 2015a).
In particular, potential changes to future summer rainfall remain unclear, though projections
indicate a decline in winter rainfall in the southern parts of central Australia. Whereas in far
north-western Australia, there has been a trend of increasing rainfall in the past century, in
the south of the continent there has been a slight average decrease (CSIRO & Bureau of
Meteorology, 2014) and the projection is this will continue, which necessitates contingencies
for water management planning (Qureshi et al., 2013). There is high confidence in increases in
the intensity of extreme rainfall events and medium confidence in the increase in the duration
of droughts for the arid parts (CSIRO & Bureau of Meteorology, 2015a).
Probably of greater impact on climatic conditions will be increasing temperatures. This has
been significant over the last hundred years and is projected to continue, with the greatest
increases being recorded in central Australia, central and western Queensland, and southwest of Western Australia (CSIRO & Bureau of Meteorology, 2014; Race, 2015). The climate
projections provided by CSIRO and the Bureau of Meteorology (BoM) (2015a) for the remote
regions of Australia indicate increasing average temperatures, more hot days, more warm spells
and fewer frosts. The duration of warm spells and frequency of hot days will also increase. This
also means locations such as Alice Springs, even for an intermediate emission scenario, daily
temperatures above 35ºC could occur for more than a third of the year by 2100.
Locations within remote Australia will continue to be susceptible to frequent extreme precipitation
(high confidence), extended droughts (medium confidence), increased average and maximum
temperatures (high confidence) and increased evapotranspiration (high confidence) (CSIRO &
Bureau of Meteorology, 2015a). The uncertain rainfall determines fuel availability for bushfires
and hence fire projections are also uncertain. The locations in this region are at risk to the
uncertainty associated with periods of water surplus and water deficits. Thus, successful
adaptive strategies for the bush food industry also requires successful managing of such
uncertainties. The greatest concern in recent times, as results of more detailed analysis emerge,
is the increased variability in climate events and the greater unpredictability in forecasting
(Anwar et al., 2013; Thornton et al., 2014). Numerous principles and strategies are being used
to manage uncertainty and inform adaptation decisions.
Managing climatic uncertainties: principles and strategies
The climate change adaptation literature discusses a number of ways to manage uncertainty.
Responses to climatic changes can be broadly considered to be incremental (adjustments
made to meet current objectives under a changed environment where the change is gradual
and happens at a certain degree of certainty) and transformational (fundamental changes to
the objectives made to meet new or unanticipated abrupt changes) (Stafford Smith et al.,
2011). Hallegatte (2009) discusses five principles to managing risk, which includes:
i. ‘no‐regret’ strategies that deliver benefits even in the absence of the impacts of
climate change (e.g. options with co-benefits such as local employment for vulnerable
communities, see Mathew Trueck & Henderson-Sellers, 2012);
ii. reversible and flexible options (e.g. options that can cater to new climatic information);
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iii. o
 ptions with safety margins (e.g. high cost new constructions such as dams to be
upgradable considering climatic projections);
iv. s oft adaptation options (e.g. community awareness programs; building social capital);
and
v. reducing decision time horizons (e.g. options with shorter lifetimes).
These five principles support the adaptive management approach, where monitoring is
followed by actions and decisions reviewed in light of new information. Actions that aim to
reduce the risks posed by climatic changes whilst also having other additional social (e.g.
improved health and well-being), economic (e.g. increased employment opportunities) and
environmental (e.g. greenhouse gas reduction) benefits can be chosen using combinations of
the above five principles.
Adaptation plans must address contexts of change (e.g. change of societal values and
requirements, technological advancements) and uncertainty (e.g. uncertainties in climate
projections, uncertainty in local impacts) (see Bosomworth et al., 2015). Recent adaptation
research broadly uses the adaptation pathways approach (and its alterations) to decisionmaking under uncertainty. The adaptation pathways approach presents a sequence of actions
after a tipping point (usually defined based on different stakeholder/community values, world
views, cultural perspectives) beyond which any of the current actions stop meeting the
required objectives (see Moss & Martin, 2012; Haasnoot et al., 2012; Haasnoot et al., 2013;
Wise et al., 2014). The adaptation pathways approach considers a diverse range of futures and
examines the robustness (insensitivity to changing conditions) and flexibility (easily adaptable)
of options across these futures (Bosomworth, 2015). Adaptation pathways assist in avoiding
‘lock ins’ (see Wilson, 2014) and support the adaptive management approach which includes
an iterative decision-making process of acting, monitoring and revisiting decisions (Willows
& Connell, 2003). Some analysts (Wise et al., 2014) adopt a broader approach highlighting
societal change aspects of adaptation, which also implies the need for longer term strategies
and transformational change. The adaptive pathways approach thus creates a pathway of
flexible adaptation options evaluated against short and medium term objectives to ensure the
long term adaptation objectives are achieved.
Climate change adaptation in native bush food industries in the arid zone
The bush food industry is at risk from annual cycles of weather changes, increasing atmospheric
temperature and occurrences of low probability high impact events (see Figure 2), and will
need various strategies to adapt to the potential risks. In this section, we first explore general
adaptation strategies for crop production and wild harvest in arid Australia. Secondly, we use
the adaptive pathways framework and the five principles of managing risk to conceptualise
contextually relevant and potential adaptation strategies for the native bush food industry in
the arid zone (also see Table 1).
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Figure 2: The impact of climate change on a small scale bush plant business operated by
Aboriginal communities.
Damage to physical
resources & financial loss
Even with a low capital cost,
if a business is not adaptable,
extreme weather events could
reduce product yield, market
supplies, local employment &
profitability

a. Increasing temperature
& extreme heat events

b. Extreme events: floods,
fires & storms

Climate
stressors
c. Seasonal changes to the
weather (droughts)

Human health
Heat stress effects on human
health reduces productivity
Cooling due to vegetation
cover may be lost, increasing
the prevalence of heat stress

Social & cultural
Disrupted networks during
extreme events will affect the
local market
Many of the bush food plants
are of significance to the local
community and culturally
important to Aboriginal
communities
Impact on plants
Heat can result in plant
stress, though the damage
may not be as evident as
in extreme events such as
floods. Water constraints are
likley to be high under drought
conditions

Note: Red shapes indicate highly certain climate stressors and the grey indicates less certain climate stressors. The blue boxes
represent potential risks posed on the bush food business.

Seasonal planting
adjustments
Plant production
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informed by short
& long-term BoM
weather forecasts

Financial
losses could be
managed through
seasonal planting
and diversifying
incomes
Consideration
of hardship
circumstances
by lending
institutions

Bush
food/
native
plants

Financial
losses

Strategies
for seasonal
changes

Adopt diversified
business models
and different
products

Adaptive business
management
strategy to be
adopted
Use heat tolerant
plants
Creation of artificial
environments (e.g.
greenhouses or
shade, shelter
plantings)
Change
seasonal timing
of production
schedules

Adaptive
measures for
warmer climates

Consideration
of hardship
circumstances by
lending institutions

Research and use
heat resilient native
plants
Tipping points need
to be researched
to understand the
levels of heat plants
can withstand
Research should
focus on the
effects of short to
long term climate
projections

Adaptation to
extreme heat

Mechanisms to
share the financial
burdens (e.g.
government
assistance;
insurance)

Alternate sources
of irrigation
Storage of surplus
water
Avoid flood prone/
drought prone
areas
Flood mitigation

Uncertain trends
(frequency and
intensity of
precipitation)

Damage due to flash
flooding is usually of high
cost, but the frequency
of such damages is low.
Cost effective planning
will be required for
uncertain low probability
(e.g. 1 in 20 year events),
high impact events.
This may also mean
that depending on the
scale of business, it may
not be worth investing
in preparation for such
events.

Reversible and flexible
investments
Flood mitigation
structures
Diversified business
models that provide fallback cash flow sources
if parts of the enterprise
are impacted

Abrupt events
(extreme events such
as flash flooding)

Table 1: A conceptual list of short to medium term adaptation strategies for native plants/bush food production

Business
management
training that
accommodates
contingency
planning methods

Community
engagement
to address
loss of interest
in preserving
native bush food
traditions

Non-climaterelated external
changes (e.g.
changing values)
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Human
impacts

Working patterns
will have to suit
extreme weather
in different
seasons

Strategies
for seasonal
changes

Work times need
to be scheduled to
cooler periods
Provide in-field
shelters and mobile
shade structures

Adaptive
measures for
warmer climates
Work times need
to be scheduled to
avoid extreme heat
Protective clothing
(research needs
to be conducted
on workplace
suitability)
Provide in-field
shelters and mobile
shade structures

Adaptation to
extreme heat

Counselling
services trained
to recognise
and respond to
hardship caused by
climate impacts

Uncertain trends
(frequency and
intensity of
precipitation)
Services prepared for
local employment that
may be affected
Planning to avert risk of
personal injury during
extreme events

Abrupt events
(extreme events such
as flash flooding)

Table 1: A conceptual list of short to medium term adaptation strategies for native plants/bush food production continued

Preparedness for
migration of labour
to coastal centres
impacting business
viability

Non-climaterelated external
changes (e.g.
changing values)
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Crop production
While at first it appears climate change can only be problematic for Australian agriculture
in the arid zone, it is however, quite possible some positive outcomes could result. For
instance, the prediction rainfall should not decrease, and indeed may slightly increase in some
parts of arid Australia, indicates crop production opportunities may not necessarily decline
due to a diminishing water supply. Thus, it seems, with appropriate adaptation strategies
the maintenance of dryland agriculture, and even its possible expansion, could be a reality.
Moreover, potential new opportunities are envisaged as part of the response to climate change.
The resilience of agricultural systems in the face of changing climate, at a global scale will call
upon regional and local strategies of coordinated approaches involving the sustainable use of
soil and water resources, agro-forestry, farming systems diversification, modified cultivation
practices, the use of stress-tolerant crops and genetic improvement (Mijatovic et al., 2013).
These authors argue effective adaptation strategies will be integrated with combined resiliencestrengthening practices at different scales: (i) the landscape level, (ii) farming systems, and
(iii) species/varieties. Central to this proposition, is the utilisation of agricultural biodiversity
and the long experience of traditional agricultural communities in adapting their social and
production systems to accommodate environmental challenges (Vigouroux et al., 2015).
Through the natural response processes of adaptive genetic diversity, many crop species
will be self-selective in the face of environmental change (Dudley, 1996), thus influencing the
genetic resources to which researchers and plant breeders will have access in order to help
agricultural communities adapt. These response mechanisms include phenotypic plasticity,
genetic selection, gene flow and extinction (Mercer & Perales, 2010).
Plants have evolved a wide range of physiological and physical mechanisms to deal with drought
and heat stress (Lipiec et al., 2013) including root growth responses, reduced transpiration
and photosynthesis, greater water use efficiency, and production of defensive compounds
and proteins. For astute plant breeders and researchers, opportunities will be presented as a
result of environmental change. Some authors point to the opportunity for taking advantage of
productivity gains from breeding crops responsive to elevated atmospheric CO2 levels (Ziska
et al., 2012). Phenotypic assessment of beneficial crop characteristics can be harnessed and
the use of biotechnology for genetic improvement to adapt to changing climate, and even the
identification of geographic relocation options, are all being investigated (Chapman et al., 2012)
to tackle emerging challenges, including more frequent and longer droughts, waterlogging,
salinity and changing pest and pathogen pressures. However, geographic relocation of bush
plants may not be a viable option for wild harvest as this practice is often linked to dreaming,
country and people (Merne Altyerre-ipenhe Reference Group et al., 2011).
Ultimately, production of conventional crops is limited by water requirements and their levels
of heat tolerance. Provision of irrigation, planting of appropriate crop types and selection of
suitable varieties help to achieve production in marginal areas, where these approaches fit the
prevailing conditions. Nonetheless, crop production opportunities in the arid zone are largely
constrained by environment. An opportunity exists, however, in cropping enterprises based on
the very plants that have adapted and evolved in this environment. In their current state, such
native plants exhibit particular resilience in coping with harsh conditions. The bush tomato or
desert raisin (Solanum centrale) is a case in point where a lucrative, albeit small, farming industry
is developing (Lee, 2012) in central Australia (Figure 3). Another example is Kakadu plum or
gubinge (Terminalia ferdinandiana) which shows potential for developing into a major crop
for northern Australia (Cunningham, Garnett, Gorman, Courtenay & Boehme, 2009) growing
closer to the coast, marked by a prolonged dry season. Others that already show some level
of market demand include Australian native lemongrass (Cymbopogon ambiguus), Old Man
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saltbush (Atriplex nummularia), desert lime (Citrus glauca), wattle seed (predominantly Acacia
victoriae, but also other arid acacias (Figure 4) A. aneura, A. colei, A. coriacea, A. murrayana,
and A. pycnantha), quandong (Santalum acuminatum) and sandalwood (Santalum spicatum).
All are highly adapted to arid environments and are expected to tolerate changing climatic
conditions easily.
Naturally, genetic improvement for climate change adaptation is far more prevalent in
conventional crop species (Chapman et al., 2012; Ziska et al, 2012). However, the very nature
of the variable environment in which Australian species of the arid zone have evolved furnishes
them with adaptive capacity to withstand occasional severe conditions. That characteristic
presents two advantages – firstly, the resilience to accommodate the anticipated future
thermal changes, and secondly, the genetic resources to facilitate selection and plant breeding
for better adapted varieties. Such research has already occurred for saltbush (Atriplex spp.)
(Joseph et al., 2013), native pasture grasses (Reed et al., 2008), and native legumes (Bennett
et al., 2011).
In another approach, biotechnology is being harnessed in the form of ‘xenogenomics’ to
discover genes in Australian native species that confer tolerance to drought and adverse soil
conditions that may result from an increasingly hostile climate (John & Spangenberg, 2005).
Such work offers the dual potential of advancing the understanding of abiotic stress tolerance
physiology and identifying candidate genes for introgression into crops to confer climate
change adaptation. In field situations, adaptive characteristics of native plants under adverse
growing conditions are being investigated, initially with species for pasture management (Nie
et al., 2008; Reed et al., 2008), aimed at facilitating genetic improvement. This is paving the
way for greater understanding of the contribution that endemic plant species can make to
climate change adaptation for crops in the arid regions.
Further, while the adoption of new arid-adapted crops presents a novel approach to
creating productive farming enterprises resilient to climate change in Australia’s arid region,
complementary strategies involving novel production concepts are also being explored. Such
techniques as ‘minimum till’ cultivation (Tang & Zhang, 1996; Bauer et al., 2010) or an even
more radical approach of ‘enrichment planting’ (Lee & Courtenay, 2016) are examples of
innovative thinking applied to arid zone crop production systems that, among other benefits,
impart enhanced resilience against climate change in harsh environments.
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Figure 3: Solanum centrale distribution

Source: L.S. Lee ©, CRC for Remote Economic
Participation, 2015

Figure 4: Arid Acacia species distribution

Source: L.S. Lee ©, CRC for Remote Economic
Participation, 2015
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Wild harvest
A significant counterpart to bush food production in cropping systems of various kinds, is
the complementary activity of wild harvesting. On average, approximately half of the annual
production of bush tomato and wattle seed comes from wild harvesting, and a much higher
proportion in good years (Clarke, 2012), and arguably (depending on whether enrichment
plantings are considered crops or wild) almost the entirety of Kakadu plum is wild harvested
(Lee & Courtenay, 2016). Moreover, wild harvesting practice plays an extremely important
social and cultural role in Aboriginal and Torres Strait Island communities (Alyawarr speakers
from Ampilatwatja, Walsh & Douglas, 2009; Merne Altyerre-ipenhe Reference Group et al.,
2011; Lee, 2012; Walsh et al., 2013). This vital part of the bush food supply chain is almost
exclusively undertaken by Aboriginal and Torres Strait Islander people, and as Race (2015)
points out, climate change will present even more arduous conditions for such activities in
future years. It is anticipated wild harvest will continue to play a significant role in the bush foods
industry, and climate change will necessitate amendments to current practices. Fortunately,
advancing technology such as improved communication services, reliable air conditioned
vehicles, electricity and refrigeration in remote locations will help to alleviate the conditions for
workers and assist in maintaining post-harvest bush food product quality.
Managing risks associated with climatic changes
In this sub-section, we conceptualise a pathway of flexible adaptation options that may be
evaluated against short and medium term objectives to ensure the long term adaptation
objective of developing a sustainable native bush food industry in arid Australia is achieved.
Cost effective incremental options may be preferred over high cost transformational adaptation
that specifically focus on the native bush food industry. This is mainly because climate change
risks are not limited to the bush food or agriculture industry in central Australia. Adaptation is
thus required by the community and various industries supporting these communities.
Many of the adaptive measures in other sectors as well as within the bush food industry
will deliver benefits across sectors. For instance, a number of heat stress related adaptive
measures (e.g. uptake of solar technology; energy efficient building designs) have already
been piloted in central Australia. Reliable low cost supply of power can facilitate artificial
moderation of climate for bush food production reducing stress to the plants and human health
and more efficient post-harvest processing. Improved digital communication also provides the
opportunity for better networking among remote producers and scientists creating a sharing
and learning platform for best practice strategies.
Many of the strategic investments for the long term such as those for managing extreme
events are likely to be high cost, and actions will depend on the scale and financial returns
from such businesses. In such situations, the bush food industry itself may not be strong
enough to trigger transformational changes, but adaptation transformations in other sectors
may derive new pathways for the bush food industry. The adaptive capacity of the remote bush
food industry is dynamic and also subject to interventions made by other dominant sectors
(local and national). Thus in the short to medium term, the bush food industry may benefit by
following an adaptive management approach, with decision points determining the nature and
path of adaptation. Decision points could be determined by non-Aboriginal business owners
(financial value), traditional owners (cultural value) and the community (urban markets and local
value of the product). The thresholds (determining decision points) for preserving the cultural
value of bush foods are likely to be entirely different from the threshold values that consider
the financial or non-Aboriginal local value, unless a loss of interest in preserving native bush
food traditions becomes prevalent among Aboriginal communities. Reduced planning times
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could be used as a strategy to manage uncertainties associated with climatic and non-climatic
changes and its impacts and benefit from transformative adaptations as more technological
advancements happen elsewhere.
An adaptive plan that accommodates seasonal changes, gradually warming atmospheres,
extreme heat, uncertain precipitation and floods/droughts is conceptualised for the bush food
industry in Table 1. In the table, adaptation strategies are provided that target short/medium
term objectives to ensure: i) adaptation of the native bush plants, ii) financial returns from the
industry and iii) adaptation by the human capital required for the industry. In general, flexible
options (e.g. use of cost effective shades; diversify incomes), ‘soft’ adaptation options (e.g.
utilising adaptive strengths such as the strong social and traditional knowledge capital among
Aboriginal communities to enhance networking and communication regarding best practice
bush food production) and low regret options (e.g. avoiding flood prone areas) may be favoured
in such short planning periods and will also provide opportunities to accommodate change
over time (e.g. transformational change) triggered by the requirement of other industries,
locations or technological advancements.
Conclusion
The native bush food industry makes an important cultural and economic contribution to central
Australia, and adds to the culinary diversity of menus nationally and internationally. While the
industry is expanding, it is still in a consolidation phase in central Australia. The risk of climate
change, particularly given the projected rise in average temperatures across Australia’s arid
central region, has only recently been considered for this industry. The anticipated increase
in heat stress will affect both the native plants and the people employed in the industry, with
the combined impacts threatening the viability of businesses that adopt a ‘business as usual’
approach.
Effective climate change adaptation may afford some opportunities for the native bush food
industry, such as changing production practices to become more efficient, focussing on
species that are suited to hotter conditions, and being more conscious of ensuring employees
have comfortable and safe working conditions. Adaptation actions for the central Australian
bush food industry will thus be more incremental in nature, but will be subject to transformative
adaptation efforts happening in other sectors and at large/urban scales. The threat of climate
change may trigger strategic thinking and innovation of a ‘learning community’ that creates
a robust and sustainable industry that becomes well adapted to the increasingly variable
conditions of the future.
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