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Abstract 
To perceive a weed is to ascribe mean-
ing to the landscape where it occurs and 
ecosystem services required from that 
landscape. These perceptions change 
over time. In Australia, native vegetation 
has been transformed from something 
to be cleared to something of intrinsic 
value, and landscapes from bare palettes 
for new agronomy species to landscapes 
needing strict continental quarantine. 
We can now conceive of environmental 
weeds. Amidst these trends, the effects of 
global warming provide novel, all perva-
sive, pressures of environmental change 
at the continental scale. 

Under global climate change, south-
eastern Australia faces a warmer, drier, 
extreme-weather-event punctuated (e.g. 
fi re and fl ood) future, whilst inhabit-
ants face a socio-ecological-economic 
future that is both water and carbon-con-
strained and landscapes with profound 
legacies. Biophysical environments and 
related processes are changing, and will 
continue to change, including abundanc-
es and distributions of biota, including 
weeds. Prospective biological responses 
of weedy species provide part of our un-
derstanding, however, socio-ecological 
landscape changes, frequently ignored, 
are vital for a more complete apprecia-
tion of appropriate long-term responses. 
In the context of multiple uncertainties, 
adaptation to climate change, including 
land-use and management, is an increas-
ing societal focus.

Adaptation to climate change is vital 
for long-term sustainability and inter-
generational landscape equity and in-
cludes the resilience of agricultural and 
post agricultural landscapes. Perceptions 
of assets and ecosystem services that 
we value and obtain from landscapes 
are changing trajectories of land-use, 
and response to climate change may 
accelerate these processes (e.g. carbon-
sequestration). Adaptation and mitiga-
tion (of CO2 emission) strategies con-
verge in landscapes as society seeks to 
increase its resilience to climate change 
impacts. This contribution examines the 

interaction of these major fl uxes in re-
lation to historic land use and our per-
ception of weeds. Responses to climate 
change will accelerate Australian socie-
ty’s on-going re-evaluation of landscapes 
and services they provide, including re-
evaluation of ‘weeds’ and consequent 
management strategies.

Introduction 
Weeds are plants perceived to be del-
eterious to either economic or aesthetic 
wellbeing of humans, or to other environ-
mental components that humans value 
(Cheal and Coman 2003). This implies that 
‘weeds’ provide a disservice to the ecosys-
tem services that society (or parts thereof) 
expects from a landscape. Humans imbue 
landscapes (and components) with mean-
ing that connects the present with the past 
toward a projected future (Schama 1998, 
Mansergh et al. 2008). Populating terra 
nullius in the post-penal colony, through 
transformation of a seemingly endless 
supply of land to ‘Europeanized’ agricul-
tural landscapes (pastoral, cropping), was 
foremost in the projected landscape mean-
ing of policy makers and early white Aus-
tralian settlers. This paradigm continued 
for over 150 years and still exerts a power-
ful infl uence (Cook and Dias 2008). Exotic 
species were transported to Australia for 
utilitarian or aesthetic purposes, often be-
coming weeds and pests as they spread 
and affected other land uses (blackberries 
(Rubus spp.) for food, willows (Salix spp.) 
for fi bre and stream protection, red foxes 
and rabbits for hunting) (Kloot 1983, Cheal 
and Coman 2003, Groves et al. 2005). 

New landscape paradigms are evolv-
ing from the past colonial land use and 
management in Australia. Indicative of 
these trends, native vegetation has been 
transformed from something to be cleared 
to something of intrinsic value. Since the 
1980s, we can now conceive of ‘environ-
mental weeds’ rather than purely ‘agri-
cultural’ weeds (Carr et al. 1992). From 
acclimatization1 of the 19th century, the 
20th century saw government-supported/
sponsored systematic introduction of over 
8200 plant species of potential agronomic, 

then later, soil conservation value with 
scant regard to their ‘weediness’ – indeed 
many may have been selected for their 
fecundity and rate of spread (Lonsdale 
1994, Cook and Dias 2008). There is now 
strict continental quarantine. Amidst these 
trends, the effects of global warming pro-
vide novel, all pervasive, pressures for 
environmental change at the continental 
scale. Broad land use and management are 
major determinants of people’s perception 
of plants being in the ‘wrong place’ (see 
box on next page). 

Under global climate change, south-
eastern Australia faces a warmer, drier, 
extreme-weather-event punctuated (e.g. 
fi re and fl ood) future whilst inhabitants 
face a socio-ecological-economic future 
that is both water and carbon constrained 
(Steffen et al. 2009, Wentworth Group 
2009). The basic biophysical environment 
(elevated atmospheric CO2, net primary 
productivity decline) and its processes 
(e.g. hydrological cycle, soil fl uxes, fi re) 
are changing and will continue to change, 
as will abundances and distributions of 
the biota – the subset of the biota called 
weeds being no exception (Nemani et al. 
2003, Cheal et al. 2003, Steel et al. 2008). 
Our perception of landscape context, 
from soils up, is critical to our response. 
In examining responses to global climate 
change, the World Bank (2009) considered 
that ecosystem-based approaches to miti-
gation and adaptation should be included 
as a third and essential pillar in national 
strategies to address climate change. State 
Governments are recognizing the inter-
connectedness of natural and human sys-
tems in their responses to climate change2 

and major land-use changes have been 
proposed for eastern Australia, premised 
upon comprehensive emissions account-
ing (Garnaut 2008).

Socio-economic and environmental 
factors over vast areas of eastern Aus-
tralia suggest that post-agricultural 

1 The Acclimatization Society of Victoria 
was established in 1861. ‘The objective of 
the new Acclimatization Society was to 
import animals with economic, game or 
recreational value in large numbers so as 
to establish them as part of the regional 
livestock or wildlife. Government sup-
port made the ASV one of the wealthi-
est acclimatization societies in the world’ 
(http://www.emelbourne.net.au/biogs/
EM00033b.htm; see also Gillbank 1986).

2 ‘To successfully adapt to climate change, 
we need to understand that different sys-
tems are connected; natural systems… 
human systems… the infrastructure. All 
these systems are vulnerable to climate 
impacts and all are connected to each oth-
er.’ (Victorian Government 2009, p. 66).
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landscapes can now be envisaged that 
must be harmonized with adaptation to 
climate change for long-term sustainabil-
ity and inter-generational landscape eq-
uity. The vulnerability and resilience of 
landscapes, indeed the socio-ecology3 of 
humans within landscapes, have been im-
portant concepts in debates around adap-
tation to climate change (e.g. Walker et al. 
2009). Assets and ecosystem services4 that 
we value and obtain from landscapes will 
change the trajectories of these processes 
(e.g. C-sequestration in biota, including 
soils), as may our perception of species 
we classify as ‘weeds’. The dichotomy 
between adaptation and mitigation (of 
CO2 and other greenhouse gas emissions) 
may blur as society seeks to enhance the 
adaptive capacity (resilience) of the land-
scape, where the inter-connected nature 
of ecosystem services becomes more ap-
parent (e.g. in Victorian catchments, Jones 
et al. 2007, Walker et al. 2009). Adaptation 
measures that enhance C-sinks would be 
advantaged. Indeed, the way ahead may 
be away from ‘single purpose’ landscapes 
(production or conservation) to ‘multi-
purpose’ landscapes where plants in the 
‘wrong place’ may change. This is not to 
suggest the desirability or inevitability of 
climate change hastening an era where 
human facilitated introduction of exotic 
species drastically reduces global biodi-
versity (the homogeocene – see Laurence 
2001). Rather, there will be increased value 
from the insights provided by science as-
sociated with weed management. A recent 
global review of biological invasions and 
climate change revealed a literature fo-
cussed on the biophysical aspects of pests 
with little mention of changing landscape 
contexts (see Walther et al. 2009). This pa-
per examines weeds and their interface 
with major socio-ecological fl uxes (land 
use, sense of place and climate change) in 
south-east Australia.

Whilst travelling in north-east Victo-
ria, a European visitor commented on 
the beauty of the landscape enhanced 
by the prolifi c purple-fl owered Echium 
plantagineum, a Mediterranean-derived 
exotic. The species has various names 

including Paterson’s curse (graziers) or 
salvation Jane (beekeepers), with the 
nomenclature dependent on the ob-
server. The ‘weediness’ of the species 
depends in part on perceived ‘services’ 
required from the landscape, including 
‘sense of place’.5 In the same part of the 
world, the ‘pest’ status of the dingo is 
related to the economic value of pas-
toralism (particularly sheep). (See the 
discussion in Cheal and Coman 2003.)

Climate science and climate change
The phenomenon of global climate change, 
due to anthropogenic release of greenhouse 
gases (e.g. CO2, methane), and potential 
impacts have been well documented by 
the International Panel on Climate Change 
(2007). The science and scenarios are being 
constantly refi ned, including shortening 
the timeframe of arrival of dangerous cli-
mate change and emission tracking along 
the worst-case scenario (Steffen 2009, 
Smith et al. 2009). Although there remains 
uncertainty around the exact scenarios, 
there is consensus around the inevitabil-
ity of global warming (IPCC 2007) and the 
urgent need for mitigation and, more re-
cently, adaptation. From global models, re-
gional changes for south-eastern Australia 
have been derived and are periodically up-
dated (Victorian Government 2008a, www.
climatechange.vic.gov.au). The trajectories 
of various climatic parameters indicate that 
this region will become warmer and drier 
over the course of the 21st century (Figure 
1, Table 1). These changes will happen at 
an unprecedented rate of change and the 
drier warm future contrasts to the paleo-
record where past drier conditions were 
associated with cold, and wetter conditions 
with warmer climates (Woodward and Ro-
chefort 1991). The broad ambient tempera-
ture and rainfall (Table 1) and consequent 
changes such as soil moisture, will elicit 
major environmental change. The lower or 
slower the global mitigation of greenhouse 
gases, the more imperative adaptation be-
comes. Amongst many uncertainties, natu-
ral terrestrial and marine feedback mecha-
nisms such as methane from thawing tun-
dra, are being studied for speed change and 
magnitude of impact. In a recent review 
of climate change science, Steffen (2009) 
concluded that high emissions scenarios 
should be viewed with serious possibil-
ity. 

Climate change and the effects on 
terrestrial ecosystems and biota
By the end of the 21st century, climate 
change is expected to elicit alteration 
of Net Primary Productivity (NPP) and 
mass extinction of species (Thomas et al. 
2002) with changes in the distribution, 
abundance and genetics of fl ora, fauna 
and pest species under recent past climate 
warming, already observed globally and 
in south-east Australia (e.g. Nemani et al. 
2003, Root et al. 2003, Hughes 2003, Umi-
na et al. 2005, review of pests Walther et 
al. 2009). Biota are already responding to 
climate change and experiments indicate 
signifi cant phenological changes under 
induced in situ 2°C warming (e.g. www.
australianitex.org). Further, plant species 
within communities may respond differ-
ently. Elevated CO2 has been observed to 
favour grasses (C4) relative to forbs (C3) 
and in a CO2 enriched atmosphere the 
fl oristic composition of groundcover and 
grasslands may change through differen-
tial competitive advantage (e.g. Tang et al. 
2006). Changes in vegetation (including 
weeds), fi re and soil nutrients have been 
observed to have cascading effects up the 
food chain to grazers and predators (Fish-
er et al. 2006, Radho-Toly 2001). 

Modelled potential trajectories of 
changes to the distribution of native biota 
and weeds under different climate warm-
ing scenarios show variability between 
species in south-east Australia, e.g. blad-
der dock (Acetosa vesicaria) migrating 
south into Victoria where future climate 
becomes less suitable for ragwort (Senecio 
jacobaea) (Steel et al. 2008). Range contrac-
tions and expansions have been indicated 
with general southward migration and 
risk of elimination of current high altitude 
bio-climates (Bennett et al. 1992, Brereton 
et al. 1995 – vertebrates, Newell et al. 2001 
– vascular fl ora, Steel et al. 2008 – weeds). 
The distribution and abundance of species 
of Victoria’s Central Highlands forests are 
expected to markedly change at their next 
regeneration event (fi re or logging) around 
mid-century (Nitschke and Hickey 2008). 
Basic environmental drivers will change 
across Australia with an acceleration of 
the drought-fi re-fl ood cycle probable. 

Modelled climatic scenarios for south-
east Australia indicate that high-risk fi re 
days will increase, wildfi re and fi re re-
gimes will change (ecological regeneration 
events), the area of snow fi elds will shrink 
and reduced run-off will affect the majori-
ty of Victorian rivers (Hennessy et al. 2003, 
Hennessy et al. 2005, Jones and Durrack 
2005). Thus increasing knowledge of the 
potential biotic and abiotic impacts and 
responses are now emerging. The biotic 
responses will include adaptation by basic 
evolutionary mechanisms devolving from 
reproduction, plasticity of genomes and 
re-colonization. In the terrestrial environ-
ment, speed of change, land use, habitat 

5 Note: Author believes it to be a vey nox-
ious weed in both agricultural and native 
vegetation causing erosion, replacement 
of nitrogen fi xing plants, etc. However, a 
court case involving beekeepers was re-
quired prior to the release of a biological 
control by CSIRO in the late 1980s. http://
www.ento.csiro.au/biocontrol/patcurse.
html.

3 “Socioecology is the scientifi c study of 
how social structure and organization are 
infl uenced by organisms’ environment. 
Socioecology is related to sociology, the 
study of society, and ecology, the study 
of the interaction between organisms and 
their environment” http://en.wikipedia.
org/wiki/Socioecology. 

4 Here we used ecosystem services sensu 
Millennium Ecosystem Assessment: Eco-
systems and human well-being: Synthe-
sis. Available at http://www.millenniu-
massessment.org/en/index.aspx.
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fragmentation and discontinuities will 
be a large determinant of the capacity for 
the biota to adjust (Mansergh and Cheal 
2007). A recent global review of biological 
invasions and climate change revealed a 
concentration of effort on biophysical as-
pects with no inferences to changing per-
ceptions of landscape (Walther et al. 2009). 
Science and modelled information on the 
prospective response of biota illuminates 
part of the problem but also important is 

Table 1. Modelled temperature and rainfall changes under future climates 
in Victoria (Victorian Government 2008a). See text for Steffen (2009), 
analysis of the recent science suggests that the possibility of climate under 
higher emissions scenarios should taken most seriously. 
Temperature Rainfall
2030: +0.8°C (0.6 to 1.2°) medium emissions 2030: −4% (−9 to +1%) medium emissions

2070: +2.7°C (1.8 to 3.8°C) higher 
emissions:

2070: −11% (−25 to +3%) higher 
emissions:

• warming likely to be greatest in spring 
and summer

• greatest decreases in winter and spring 

• greater increases in areas north of the 
Divide

• growing intensity of droughts since 
1970s (warmer ambient temperatures)

• maximum temperatures likely 
to increase faster than minimum 
temperatures

• projections based on 1961 to 1990 
mean 

• increasing number of days over +35°C • evaporation also expected to increase 
(~8% by 2070)

• decreasing likelihood of frost (in the 
medium to longer term).

• increasing rainfall intensity but de-
crease in the number of rainy days

• less certainty than temperature

Figure 1. Temperature and rainfall changes under future climates (source: Victorian Government 2008a).
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the changing societal perception of land-
scape in its response to climate change. 
Indeed, the latter affects the context and 
some of the focus to which scientifi c en-
deavour is applied. 

History of land use and driving 
paradigm has changed
Settlement of colonial Australia was based 
on populating terra nullius through pasto-
ralism, agriculture and mining to supply 

goods to empire and capital to the conti-
nent (e.g. Wadham et al. 1957, Mansergh 
et al. 2006a, Cook and Dias 2007). How-
ever, the Mabo High Court case in 1992 
and massive changes in socio-economics 
over the last 30 years have changed Aus-
tralians’ basic perceptions and their views 
of landscape (Russell 2006, Barr 2008). De-
spite the relative economic decline of the 
agricultural sector in Australia, as in most 
developed OECD countries, it still main-
tains a vastly disproportionate share of 
the land-use allocation – Hamblin (2009) 
calls this the current land-use paradox.6 

The fl at, old, dry, nutrient defi cient con-
tinent uses 3% of the world’s farmland 
to produce food for 0.02% of the world’s 
population and 80% of the produce and 
profi t comes from 2% of the land area allo-
cated to agriculture (Lindsay 1985, NLWA 
2001, Hamblin 2009). In the case of rural 
Australia, the paradigm that produced 
the historical allocation of land predomi-
nantly for pastoralism and agriculture 
(and resultant land clearing and soil loss) 
now appears to have produced a dramatic 
‘overshoot’ having profound environmen-
tal consequences (VCMC 2007, Hamblin 
2009, McAlpine et al. 2007). Natural capital 

6 Indeed, Hamblin’s persuasive analysis 
leads her to conclude Australia has a fi rst-
world lifestyle based on a third-world 
economy reliant on export of minerals and 
agricultural product.
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was transformed to economic capital with 
widespread environmental degradation in 
Victoria and elsewhere in temperate Aus-
tralia where many terrestrial and fresh-
water environments are now degraded, 
especially in catchments currently or pre-
viously dominated by agriculture (SoE 
1996, Mansergh et al. 2006, VCMC 2007, 
Cook and Dias 2007, Figure 2). In Austral-
ia, the highest concentration of bioregions 
under high environmental stress occurs in 
the south-east, centred on Victoria (NL-
WRA 2001). Weeds and invasive species 
were identifi ed as one of three systematic 
threatening processes of biodiversity de-
cline in Australia (NRP&PC 2005). 

The underlying paradigm/perceptions 
that drove Australian environments to be 
‘Europeanized’ derived from complemen-
tary views – the aesthetic (sense of making 
place) and the utilitarian (useful – saleable 
food and fi bre products) (Wadham et al. 
1957, Smith 2000, Mansergh et al. 2006). 
This promoted the introduction of exotic 
species with over 27 000 plant species in-
troduced to the continent (Lonsdale 1994, 
McLaren 2008). Acclimatization peaked 
in popularity late in the 19th century but 
continued on at an offi cial level through 
the Commonwealth Plant Introduction 
service which brought in 8200 plant spe-
cies (30% of total) – driven by the prima-
ry paradigm of Australian colonization 
(Cook and Dias 2007). ‘Arable’ land was 
cleared of trees over massive areas, releas-
ing CO2 into the atmosphere with slower 
release of soil carbon over the subsequent 
decades with the loss of deep rooted per-
ennials changing hydrology and causing 
salinization and rainfall decline in some 
regions7 (Attiwill and Leeper 1987, Pitman 
and Narisma 2004, McAlpine et al. 2007, 
VCMC 2008). Recent historical insights 
into attitudes to weeds (Cook and Dias 
2007); responses to climate and drought 
(McKernan 2005); and water in landscape 
(Cathcart 2009) are indicative of the per-
ceptual changes in Australians’ ‘sense of 
place’. 

This colonial view of landscape and 
new insights of science extended to chang-
ing the soils to become more productive 
for exotics (and ‘weeds’). Native pastures 
were originally valued for establishing the 
wool staple until supplanted by the ‘sub 

and super’8 technique of the 1940s and the 
initial research into native pasturage was 
abandoned for generations as attention fo-
cussed on exotics (Smith 2000, Cook and 
Dias 2007, Table 2). The addition of phos-
phate (and other trace elements) and intro-
duction of medics and clovers massively 
improved productivity and changed soil 
nutrient availability, cycling and pH levels. 

These processes also depleted the spatial 
extent of the natural vegetation and pro-
vided new areas for purposely-introduced 
exotics, including weeds (Wadham et al. 
1957, Smith 2000, Cook and Dias 2007). 
Indeed, weeds themselves may change the 
nutrient levels in native vegetation to the 
detriment of native species (e.g. Ehrenfeld 
2003, Fisher et al. 2006). Where affected, 
soils became relatively more favourable to 
exotic plants not adapted to a phosphorus-
limited environment, and where used (or 
over used) they changed the biochemical 
soil environment with increasing acidifi -
cation attributed to the use and over use of 

Figure 2 (above and on next page). Victoria – social landscapes, catchment 
condition, planning zones, demography changes 2020, biolinks and 
fragmented vegetation (Mansergh et al. 2008).
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8 The discovery that Australian soils could 
be made agriculturally more productive 
by the addition of phosphorus and of ni-
trogen-fi xing plants (e.g. subterranean clo-
ver Trifolium subterraneum – the so-called 
sub and super technique). 

7 Over clearing in Australia has been im-
plicated in the rainfall decline in southern 
Western Australia with implications for 
Perth water supply (Pitman and Narisma 
2004) and over the Murray–Darling Basin 
(McAlpine 2007). Conversely, evapo-tran-
spiration of the deep-rooted trees draw-
ing water from deep in the water table is 
believed to promote a rain bearing local 
atmosphere relative to cleared areas (Pit-
man and Narisma 2004).
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P fertilizers (VCMC 2002, Dorrough et al. 
2006, Livesley et al. 2008, Dalal et al. 2008). 
The dramatic increase in the use of nitrog-
enous fertilizers in Victoria since 1990 is 
a recent version of soil additives for in-
creased agricultural production.9 

Over 90% of Victorian private land has 
remained zoned rural–agriculture despite 
its relative decline in relative economic 
signifi cance, since 1990 being 2–4% of the 
gross state product (ABS 2008, Figure 2). 
Refl ecting the latter, socio-economic tra-
jectories have been changing since the 
height of the ‘wool boom’ (1950–70s) and 
now over 50% of private property has a 
trajectory towards amenity or transitional 
(post-traditional agricultural) landscapes 
with ownership and management chang-
ing (Barr and Karunaratne 2002, Barr 2008, 
Figure 2).10 These changes are recognized 
challenges for land management agencies 
but hold opportunities for improved biodi-
versity and landscape resilience to climate 
change, e.g. through establishment of bi-
olinks (Mansergh and Cheal 2008, Steffen 
et al. 2009, Victorian Government 2009a). 

Whilst economically alighting from the 
sheep’s back, society began to seek new 
ecosystem services (previously presumed, 
or ignored) or improvement of those that 
had been degraded from landscapes. 
These services included biodiversity con-
servation, amenity, water quality and bet-
ter soil conservation (Table 2). Indicators 
of this trend are: 
• Victoria’s area of national parks and 

reserves rose from 1% (1970) to c. 17% 
(2009), 

• clearing native vegetation controls 
were established in the late 1980s, 

• Victorian land management innova-
tions, such as LandCare and Land for 
Wildlife were established, and 

• recognition of environmental weeds as 
producing major ecosystem disservices 
(Carr et al. 1992). 

More recently, as a result of climate 
change, C-sequestration is evolving as a 
new societal ecosystem service as is the 
importance of water conservation and 
production (catchment protection). Land 
use, including soils and vegetation, has 
an important yet under-recognized part 
in both mitigation and adaptation under 
climate change (Garnaut 2009, Victorian 
Government 2009). Further, there are 

9 Herbicides (for weeds) and insecticides 
were other additives to the soils post 1970s 
(see Herath 1998 in Mansergh et al. 2006, 
Figure 14).

10 Small and medium size farms were 
caught in a trade squeeze (cost rise and 
prices decline), and over 80% of dryland 
farms in the Goulburn Broken Catchment 
were sub-economic by the mid 1990s (GB-
CLPB 1997, Barr 2002).
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opportunities within existing socio-
economic land-use change and adaptation 
for improvement in biodiversity conserva-
tion (Mansergh and Cheal 2008, Steffen et 
al. 2009).

Soils as key ecosystem function
Soils vary in response to climate and bio-
geography but may store ≥50% of land-
scape carbon and are a vital part of the 
terrestrial–atmosphere gaseous exchange 
although often neglected in landscape 
restoration (Graetz et al. 1987, Lal 2004, 
Lindenmeyer 2009 for absence in restora-
tion). The composition and confi guration 
of the vegetation are inter-related to the 
services provided by the soils. Soils are a 
complex interconnected bio-chemical self-
organizing ecosystem that varies across 
the landscape due to site factors such 
as (geology, climate, topography, veg-
etation). Weeds in native vegetation may 

affect soils both positively and negatively 
(Ehrenfeld 2003, Fisher et al. 2006, Freu-
denberg 2009). Soils provide fundamental 
natural ecosystem services: C-transforma-
tion, nutrient cycling, soil structure main-
tenance, biological population regulation 
and, of course, the substrate for terrestrial 
‘weeds’ (Ehrenfeld 2003 (for weeds), Kib-
blewhite et al. 2009, Lehmann and Joseph 
2009, Figure 3). Soil-based feedback mech-
anisms can accelerate or stabilize exotic 
invasions and are a predominant feature 
of such (Ehrenfeld 2003). Introduced ex-
otics can extensively affect the storage 
and release of C/N of soil nutrient dy-
namics, which Ehrenfeld (2003) suggests 
may be more important than other, more 
frequently monitored impacts (e.g. plant 
diversity).

Fixed carbon is the major currency of 
the soil system and the C-transformation 
is implicated in climate regulation (IPCC 

2007, Kibblewhite et al. 2009). The biologi-
cal component of soils can be expected to 
adapt given responsiveness to changes in 
temperature, moisture and substrate. The 
quantum of services produced (including 
different GHG (green house gas) emis-
sions), and opportunities for vegetation, 
including many weeds, depends on use 
and management of the soil (Livesley et al. 
2008, Dalal et al. 2008, Turner et al. 2008).11 

Table 2. Perception of ‘weeds’ in eastern Australian landscapes over time (periods overlap temporally and spatially, 
generally southern states were earlier than northern states).
Period Perception of weeds Attitude to exotics Key drivers/social ideas

Penal – pioneer • native vegetation (except 
native grasses as fodder, 
useful timbers)

Provide sense of ‘home’? • survival, avoid starvation, clearing, 
experiments with landscapes, food sources

Expansion of 
agriculture and 
settlement

• native vegetation • inherently better • establishment of staples, wool, wheat – 
export capital

• establishment of exotics • Europeanize the landscape • settlement through agriculture

• active acclimatization • acclimatize useful and aesthetic

• tolerance of random 
introductions (imported 
fodder)

• recognition of periodic drought

Consolidation 
and 
intensifi cation

• exotics important for 
increasing production

• remain inherently better, 
but fi lter established. 
Offi cial agronomy exotics 
seen as valuable systematic 
introductions

• agricultural intensifi cation.

• soil conservation as national issue.

• systematic targeting of species• emerging recognition of 
costs agricultural weeds • biological control, rise in herbicides

Recognition of 
new land uses

• environmental weeds 
as disservices in natural 
environment

• become inherent risky • end of wool boom

• higher quarantine bar for both 
production and environment

• increased capitalization – agribusiness

• amenity landscapes 

• rise in area of national parks (Victoria 
1%–17%).

• native vegetation retention (progressively 
SA, Vic, NSW, Qld)

• recognition of environmental degradation

• Victorian land management programs 
LandCare, land for wildlife evolve nationally

Under climate 
change

• effect on ‘new’ 
ecosystem services, 
land management and 
desired landscapes

• stricter quarantine • land-use change a Kyoto protocol category 
for sources and sinks of CO2

• ‘sense of place’ • mitigate and adapt to climate change

• some may have new uses • agriculture where best suited

• more holistic view of ecosystem services, 
including c-emissions and sequestration

• new ecosystem services restore resilient 
landscapes for climate change

11 Turner et al. (2008) references that 
although there are uncertainties around the 
estimates: agricultural soils are the main 
human-related source of N2O globally, 
and in Australia N2O contributes ~17.5% 
of agricultural emissions and ~4.5% of the 
nation’s emissions. See Garnaut (2009) for 
discussion of methane (major agricultural 
emission) and ungulates and soil.
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If C-sequestration in soils is seen as so-
cially desirable, then Kibblewhite et al. 
(2009) observed for European landscapes 
that some current ‘weeds’ may have an 
important role in restoring some of the 
above ecological function of soils (see also 
Ehrenfeld 2003). In an extensive review 
of exotic plants and soil nutrient cycling, 
Ehrenfeld (2003) noted that the mecha-
nisms by which plants alter nutrient dy-
namics have been rarely examined. How-
ever, he noted one study where the chang-
es in the soil micro and mesobiota follow-
ing invasion were widespread (Grayson et 
al. in Ehrenfeld 2003). 

Agriculture, to provide food and fi bre, 
involves clearance, tillage, fertilizer, pes-
ticides, and modifi es the natural energy 
pathways and quantum of soil services. C-
sequestration is depleted following clear-
ance of native vegetation and continues 
to be depleted over subsequent decades 
if subsequently cropped (Attiwill and 
Leeper 1987, Figure 3). These changes also 
modifi ed the gaseous exchange. Uptake of 
methane (CH4 a potent GHG) by soils in 
native forests is signifi cantly greater com-
pared to introduced pastures suggesting 
that land-use change has a signifi cant im-
pact on the total greenhouse gas exchange 
of these different ecosystems (Livesley et 
al. 2008, Dalal et al. 2008). Restoration of 
the GHG sequestration potential of soils 
may be an important part of a multi-fac-
eted response to climate change (Garnaut 

2008, Victorian Government 2009) and the 
quantifi cation of GHG emissions has led 
to an increased scientifi c focus on sources, 
fl uxes and land use. 

Quantifi cation (spatial and 
processes) of ecosystem services
The World Bank (2009) considers 
that ecosystem-based approaches to 
mitigation and adaptation should be in-
cluded as an essential pillar in national 
strategies to address climate change yet 
environmental considerations have been 
diffi cult to include in the statistics of the 
national accounts in part because of fea-
sible and appropriate quantifi cation of 
changes (ABS 2002). Climate change has 
initiated increased efforts in the quantifi -
cation of global carbon sinks and sources; 
e.g. GHG emission and carbon cycling 
in forests and agricultural land (Keenan 
2002, Miehle et al. 2006, Dean et al. 2003, 
Dalal et al. 2008). Broadly these scientifi c 
studies quantify ‘new’ ecosystem serv-
ices provided by landscapes, land use 
and management in a context of climate 
change. Climate change has elicited calls 
for comprehensive emissions accounting 
including land use (Garnaut 2008) which 
converges with a broader ‘environmen-
tal’ accounting, perhaps at the level of the 
national accounts (Stoneham et al. 2009). 
The Wentworth Group (2008) has called 
for ecosystem indicators to be included 
in the Australian national accounting 

framework and recent developments in 
quantifi cation of ecosystem services, geo-
graphic information systems (GIS), catch-
ment modelling and economics have led 
to useable catchment models that make 
inclusion of data (rather than indicators) 
more feasible (e.g. EnSym – www.dse.vic.
gov, Stoneham et al. 2009). Quantifying the 
ecosystem disservices of weeds and po-
tential weeds in different bioregions/soil 
types into such systems remains a future 
challenge of research and management. 

Potential new landscapes 
Adapting Australian landscapes to cli-
mate change must be viewed over dec-
ades. If adaptation is combined with pro-
gressively expanding the national mitiga-
tion capacity over this century, multiple 
social, environmental and economic ben-
efi ts can be envisaged (Garnaut 2008). As 
a response to climate change for mitiga-
tion and adaptation (and restoration of 
natural capital more broadly), large-scale 
restoration of native vegetation in land-
scapes has been proposed from various 
creditable perspectives: science, conser-
vation and social and economic policy 
(Wentworth Group 2009).12 The capacity 
of this will vary bio-geographically (e.g. 
soils) and socio-ecologically, however, 
it is part of a broad national debate. The 
Garnaut Climate Change Review (Gar-
naut 2008, 2009) examined the econom-
ics (and responses) to climate change and 
saw alternative futures for large-scale soil 
C-sequestration and native vegetation re-
generation, particularly from the perspec-
tive of emission mitigation. Garnaut (2009) 
indicated the importance of woodlands, 
and quoted Polglase et al. (2008) who, tak-
ing account of soils and climate, suggested 
20 M ha of land were suitable for carbon 
plantings.13 Garnaut considered this fi g-
ure would not be achieved. However, it is 
signifi cant that under Australia’s second 
report to the Kyoto Protocol, Victoria and 
Western Australia turned the land-use 
change category from a carbon source in 
1990 to a carbon sink in 2005, not so NSW 
or Queensland (Australian Government 
2007). Thus our recent past suggests that 
land-use change to carbon sinks can be 
reasonably rapid (see also Mansergh et al. 
2008). A longer-term view suggests that 
proposed changes for the 21st century are 

Figure 3. Idealized soil ecosystem services, function and trophic levels. 
These parameters are affected by land use and management (broadly from 
Kibblewhite et al. 2009 see text). 
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12 Numerous businesses are emerging in 
the market place that organize growing 
native species based on C-sequestration.

13 Garnaut (2009) also noted the impor-
tance of a holistic emissions view– some 
of the methane-producing sheep and cat-
tle could be replaced by low emission kan-
garoos. 
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neither as large nor as radical as those that 
occurred over the last two centuries, many 
of which were accomplished by technolo-
gies based on human and animal labour. 

In response to the interactions of habi-
tat fragmentation and effects of climate 
change, Opdam and Wascher (2004) 
called for ‘bold connectivity zones’ as an 
adaptation model of land-use change in 
Europe (also Jones-Walters 2007). In a 
global review of corridor ecology Hilty 
et al. (2005) found it hard to imagine any 
realistic alternative to large-scale linkages 
that would be conducive to species’ per-
sistence, whilst Stern’s (2007) economic 
analysis alluded to land use for increasing 
connectivity of biodiversity in his adapta-
tion to climate change. Bennett et al. (1992) 
developed the concept of ‘biolinks’ for 
south-east Australia, where substantial ar-
eas of the landscape are to provide ‘space’ 
for native vegetation to regenerate and fa-
cilitate the self-adaptation of species to cli-
mate change. These were particularly vital 
across fragmented landscapes (for science, 
see Bennett et al. 1992, Brereton et al. 1995, 
Mansergh et al. 2006, 2008; for policy, Vic-
torian Government 2008b, Figure 2). Al-
though ageing remnant eucalypts across 
many pastoral landscapes imply mass 
denudation (e.g. Vesk and McNally 2006), 
in many landscapes, such regeneration 
remains feasible (grazed, ‘unimproved’ 
woodlands) although the window of op-
portunity would be halved over the next 
30 years (Dorrough and Moxham 2005). 

Propagules of native species may per-
sist in soil for many years, if not decades, 
and this storage is a component of overall 
natural landscape memory and resilience. 
Lindsay (2009) found that soil seed banks 
in remnant woodlands (native and weed) 
may support up to 200 understorey spe-
cies (80 monocots, 110 dicots) with num-
bers declining with past grazing/crop-
ping intensity. Germination trials of these 
seed banks revealed that native species 
grew and fl owered slower than exotics. 
Such research provides insights into the 
resilience – resistance landscape memory 
which will be critical for effi cient large 
scale restoration of carbon and biodiver-
sity in the landscape. 

The concepts of resilience and related 
ideas of thresholds and transformations 
are evolving in the global debates around 
adaptation of landscapes to climate change 
(Victorian Government 2008a,b). Walker 
et al. (2009) analysed the socio-ecological 
resilience of the Goulburn Broken Catch-
ment and suggested large-scale regenera-
tion was certainly within the mix of the 
resilience options to preserve the viability 
of the most productive (agricultural) land 
signifi cant at the scale of the Victorian 
economy. Signifi cantly, within this catch-
ment, over 80% of the dryland farms were 
seen as uneconomic in the mid 1990s (GB-
CLPB 1997). In the adjacent North-Central 

Catchment modelling, combined adapta-
tion and mitigation concluded that regen-
eration of riparian areas optimized C-se-
questration, biodiversity and water qual-
ity outcomes (Jones et al. 2007). Riparian 
vegetation will be a critical component of 
landscape restoration in a water stressed 
future providing local and sub-continental 
refugia and ecological infrastructure for 
new land uses such as biolinks (Mansergh 
et al 2008, Victorian Government 2009a).

Recuperative restoration of landscape 
differs from past, single land-use in that 
it is based upon a more holistic valuing of 
ecosystem services. Hallegate (2009) con-
ceptualized strategic responses to adapt to 
the uncertainties of climate change and the 
new landscapes (see above) have positive 
elements of no-regret, reversibility and 
incorporate safety margins. Such mas-
sive land-use changes (due to different 
valuation of ecosystem services provided 
from the landscape) will neither remove 
the exotic nature of introduced plants nor 
their inherent biological capacity but it 
will change the relativity of our percep-
tion of different species as weeds. How 
much does a species inhibit or promote 
the growth of the new ecosystem services 
desired from landscapes (soils and vegeta-
tion)? 

New paradigms of land use and 
climate change
How humans treat the planet (and each 
other) is part of a moral–ethical issues of 
climate change as asserted by Al Gore 
in ‘An Inconvenient Truth’ and the UN 
Secretary-General14 (von Bülow 2009). The 
ethical imperatives can be focussed on 
vulnerabilities of human societies to risks 
(food security, low-lying coastal popula-
tions) but also on how societies perceive 
and use natural resources. The growing 
recognition by Australians of ‘own goals’ 
in the depletion of natural capital (e.g. 
NRP&PC 2005) and perhaps exacerbating 
effects of land-use changes on regional 
climates (e.g. Pitman and Narisma 2004) 
have both rational and ethical dimen-
sions. Compared to the colonial view, a 
new ‘sense of place’ has evolved within 
the growing respect for, and protection 
of, Australian landscapes and native and 
endemic species. This has supported the 
growth of national parks, changes in how 
we manage public land and also standards 
of expected stewardship of land (Land-
Care) and probably part of the recognition 
of environmental weeds (e.g. Carr et al. 

1992, Mansergh et al. 2006, Table 2). These 
social trends refl ect an ethical position that 
could also be expected to support some 
form of large-scale landscape restoration 
as suggested by a range of observers from 
a variety of perspectives (Garnaut 2008, 
Mansergh et al. 2008, Wentworth 2009, 
Victorian Government 2009a). 

Natural regeneration
There are many ways for re-establishment 
of native vegetation: planting; direct seed-
ing; natural regeneration; or, combina-
tions of these. Natural regeneration of eu-
calyptus, where feasible, appears to be the 
most cost effective. It is signifi cant in re-
establishment of micro-climates and nat-
ural soil processes, increases the robust-
ness to perturbations and, as eucalypt is a 
dominant plant, it may inhibit some weed 
invasions. Natural regeneration appears a  
sensitive methodology for climate change 
adaptation over large areas (Graetz et al. 
1987, Ehrenfeld 2003, Greening Australia 
2003, Mansergh and Cheal 2007). Eucalyp-
tus species provide the major overstorey 
for the non-arid forest and woodlands of 
eastern Australia influencing microcli-
mate (solar radiation, water penetration, 
wind speed) for lower strata and ground 
water hydrology. Many eucalypts have 
relatively broad climatic and latitudinal 
distributions. The agricultural and pasto-
ral legacy has left landscapes with varying 
possibilities of resilience and resistance to 
natural regeneration. Dorrough and Mox-
ham (2005) indicate that many pastoral 
landscapes of north-east Victoria, some 
having as few as only 2.4% of remnant 
trees left, retain the capacity for about 40% 
of the land area to regenerate eucalypts, 
although this window of opportunity for 
resilience declines to only 18% of the land 
area over the next 30 years and is related 
to past land use including soil fertilizer 
use (Dorrough et al. 2006). Restoration of 
the eucalypt overstorey can be perceived 
as a stabilizing parameter in the sense 
of landscape resilience (see Holling and 
Meffe 1995).

Over Victoria’s history, native veg-
etation has occasionally re-established 
on abandoned farmland. Figure 4 shows 
the changing confi guration of regenerat-
ing eucalypt canopy over an existing pad-
dock in north-east Victoria after removal 
of grazing. Many of these eucalypts have 
a broad climatic and geographic range 
and thus some plasticity and variation 
in their genetic memory (e.g. Mansergh 
et al. 2008). As a rule of thumb, good re-
generation of eucalypts can be achieved 
from seed spread from the parent stock 
to a distance of about twice their height. 
Seedlings and saplings are naturally se-
lected from the parental genotypes un-
der the current climate, which puts the 
surviving phenotype on a trajectory 
of change relative to the parent stock 

14 ‘We must get serious about adaptation 
and we must do so now… Adaptation is 
both a practical need and a moral impera-
tive.’ UN Secretary-General Ban Ki-moon, 
27 July 2009 http://en.cop15.dk/news/
view+news?newsid=1782.
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(species with long generation times are at 
a disadvantage). Over 20 years, the second 
generation continues the trend by re-
sponding to local changing conditions as 
would remnant soil biota, e.g. fungi (Kasel 
et al. 2008). Full cover of eucalypts (and 
faster C-sequestration) could be achieved 
by strategic direct seeding (Figure 4).15 
Other land management that may be 
compatible with hastening growth of eu-
calyptus may be biochar production from 
thinnings (for biochar, see Lehmann and 
Joseph 2009, Kiener 2009, Read 2009, Sohi 
et al. 2009). 

Compared to the prior use (e.g. graz-
ing), the emergent understorey provides 
multiple niches and seral stages for both 
native vegetation and weeds (Lindsay 
2008). Emerging from the present, vegeta-
tion communities would not be replicates 
of the past but through natural selection 
adapting to new environmental condi-
tions. Unimproved grazing lands would 
appear to retain most natural resilience 
(Dorrough and Moxham 2005) whilst con-
version of these landscapes to cropping 
would increase resistance to natural re-
generation and further deplete soil carbon, 
seed banks and biodiversity. The new land 
use would increase the resilience of the 
landscape (biological inertia) and would 
require new management regimes and 
cognizance that new niches (for potential 
weeds?) will be created over time (Figure 
4). This may be contrasted to a ‘weed’ that 
inhibits production of a specifi c agricul-
tural or pastoral commodity over a rela-
tively shorter time frame.

Sleepers and seral stages
Over 27 000 exotic plant species have been 
introduced to Australia, including more 
than 8200 species for agronomy and soil 
conservation work (McLaren 2008, Cook 
and Dias 2006). Many weed species, cur-
rently classifi ed as major threats to the 
wider environment or to agriculture, spent 
many years, decades even, as ‘sleepers’, 
i.e. showing little potential for widespread 
establishment under current conditions. 
Their widespread establishment may have 
only begun many decades after their in-
troduction or after the fi rst time they were 

recorded as adventive (Randall 2001, 
Groves et al. 2005). For example, bridal 
creeper (Asparagus asparagoides) persisted 
in very small populations in western Vic-
toria for decades before a population ex-
pansion in the 1980s made it a problematic 
weed (Groves et al. 2005). Thus adaptation 
to climate change and potential land-use 
changes suggests management strategies 
that have an explicit, increasing vigilance 
to potential and emerging weeds.

Perception of some species currently 
regarded as weeds may change as society 
expects a different mix of ecosystem serv-
ices from land management. Temporary 
invasion of plants that restore soil capac-
ity as a prelude to longer-term regenera-
tion of eucalypt woodlands may be seen 
as tolerable, if not desirable. However, a 
deeper understanding of the totality of ef-
fects of exotic invasions, including for in-
stance soil C/N cycle, is required (Ehren-
feld 2003, Fisher et al. 2006, Kibblewhite 
et al. 2009). The use of weeds as ‘nursery 
crops’ is already well-established in the 

Mallee, where rye-corn, Secale, is a fre-
quent cover crop planted onto bare sand 
dunes to enable seedlings of perennial and 
native species to establish in their cover.16 
When goods are produced on an annual 
basis, the disservices (and cost of control) 
of weeds can be quite clear, however, re-
generation of landscapes to produce long-
term decadal ecosystem services suggests 
a different context. 

Environmental responses (soil func-
tion and vegetation) fi ve years after the 
Canberra fi res of 2003 revealed differential 
resilience between native vegetation (rem-
nant, direct seeded and tube stock derived) 

Figure 4. Idealized natural regeneration of eucalypt overstorey (grazing 
landscape in north-east Victoria) relaxation of ungulate soil compaction and 
additives (fertilizer and biocides) would allow natural re-colonization over 
time (see text). Natural selection determines seedling survival to ‘current’ 
environmental conditions which successively move along a climate change 
trajectory. Note changes in niche availability for plants over time (see 
photographs in Mansergh et al. 2006). 
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15 Viable seed can be set from any eucalypt 
fl ower provided it is pollinated. Age of 
fi rst fl owering will vary between species, 
but any ‘reasonable’ quantities will not be 
produced until at least 10 years. Quantities 
will be dependent on size of the crown, 
which is of course age-related, and space 
available. Rule of thumb for forest species 
is about 20 years until they have enough 
seed for self-regeneration after fi re, may 
be less time in drier areas. (P Fagg DSE 
personal communication 2009, Florence 
1996).

16 This technique is available on sandy 
substrate. However, exotic annual effects 
on soil nitrogen in fi ner textured soils in 
wetter areas are likely to lead to feedback 
mechanisms that perpetuate weeds rather 
than native species (L. Bennett personal 
communication Melbourne University).
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and exotic pine plantation (Freudenberg 
2009). The three native vegetation regimes 
recovered even under drought conditions; 
trees coppiced and other plants regener-
ated, soil function was restored – signifi -
cantly soil stability was initially assisted 
by annual weeds which were subsequent-
ly replaced by native species. Conversely, 
in the pine plantation where the entire 
overstorey was killed, poorer soil health 
recovery was observed. These insights 
provide another context for ‘weeds’ in car-
bon sequestration and landscape change 
discussed above. 

Climate change will alter environmen-
tal perturbations (fire regimes, floods, 
increased intensity of extreme weather 
events) that will affect the abundance, 
distribution and rate of spread of ‘weed’ 
species (e.g. Radho-Toly et al. 2001, fi re 
and spread of eastern eucalypts in WA). 
Weeds associated with fi re (e.g. increased 
risk) would become relatively more im-
portant for management action. A water-
stressed future (with increased fl ooding 
and extreme weather events) will increase 
the importance of riparian vegetation, and 
its restoration (as key part of water infra-
structure) suggests a focus on weeds and 
vectors of distribution in these environ-
ments.

Under climate change, these perturba-
tions may tip ecological thresholds lead-
ing to gradual or rapid long-term vegeta-
tion and/or changes to NPP (Graetz et 
al. 1987, Nemani et al. 2003). The interac-
tions of climate, vegetation and soils may 
transform landscapes to another form of 
ecological community (e.g. woodland to 
shrub land) with the transition process fol-
lowing a regeneration event (fi re or har-
vesting, Nitschke and Hickey 2007)17 or 
a slower invasive evolution (e.g. change 
of understorey – heathy to grassy or vice 
versa). Such events would be new phe-
nomena and may offer large scale oppor-
tunities for unwanted plants to establish.

Refl ections for weed management
Presuming some general validity of the 
above evidence and arguments (i.e. new 
large scale land-use context) achieve a de-
gree of social resonance the following in-
ferences may be useful in refl ecting on cli-
mate change, land use and weed manage-
ment and research. Under climate change, 
the perceived weediness of an individual 
species may change (including ‘sleeping’ 

species) and the landscape context and 
valuation of ‘ecosystem services’ will cer-
tainly change over large areas.
• Land management will have new range 

of ecosystem services required by soci-
ety. Some products may remain in situ 
and are produced over decades relative 
to traditional commodities produced 
annually and exported. 

• A capability to spatially quantify eco-
system disservices of weed species 
(recognizing variation between biore-
gions/soil types) will need to be devel-
oped in relation to new land-uses and 
public good.

• Some landscapes will support new 
landholders, management regimes and 
perhaps increased diversity of land-use 
objectives (e.g. in social amenity land-
scapes). 

• Restoration of riparian vegetation will 
be a key feature of adaptation of land-
scape to climate change. However, cou-
pled to increased intensity of fl ooding 
events this potential invasive vector 
may become more important to man-
age. 

• Plant species that are advantaged and/
or promote changed disturbance re-
gimes, particularly those implicated 
with an increased fi re risk, may be per-
ceived as more weedy.

• The increased socio-economic impor-
tance of ‘environmental weeds’ (i.e. 
inhibiting natural vegetation, regen-
eration and related processes) with 
consequent funding (and quarantine) 
implications.

• Plants that change soil qualities and 
long-term capacity for the production 
of increasing valued ecosystem serv-
ices, e.g. species that out-compete key 
native species and interfere with proc-
esses (e.g. N-fi xing Acacia spp.). This 
implies knowledge of (quantifi cation) 
marginal changes in soil-based ecosys-
tem services and associated benefi ts as-
sociated with changes in land use.

• The critical role of soil (functions, seed 
bank, etc.) needs to be more fully incor-
porated into weed management. 

• Increased understanding of the feed-
back mechanisms between weeds and 
soils (compared with those between 
native perennials and soils) and how 
these are influenced by changes in 
water availability will be required; i.e. 
how much extra benefi t do we get from 
what level of change in an ecosystem 
service due to what changes in land-
use management?

• The importance of sophisticated bio-
logical control over large areas will 
probably increase. 

• There will need to be constant vigilance 
for early warning of sleeper species ex-
panding ranges under climate change.

There will always be plants in the ‘wrong 
place’ from some human perspective. 

Climate change will bring higher atmos-
pheric CO2, warmer, drier and more fl ood 
and fi re prone (disturbance and regen-
eration events) future. In dealing with 
the uncertainties of climate change we 
can, should and will: progressively refi ne 
modelling the response of weeds and na-
tive species; be vigilant in quarantine and 
observing a large base-load of potential 
already on the continent; and develop new 
insights from methods of control. These 
essentially deal with objective aspects of 
the ecology of the biota itself. However, 
to perceive a weed requires attributing 
a present and projected meaning to the 
landscape where it occurs. These mean-
ings are evolving and our response to 
climate change will accelerate this proc-
ess. Landscapes are the interface of earth 
and atmosphere and are critical in the 
climate change debate and our strategic 
responses. Hopefully this paper will pro-
mote discussion around climate change, 
our responses, specifi cally land use, and 
our evolving perceptions of landscape and 
ecosystem services, and the socio-ecology 
of weeds. 

Acknowledgments
I would like to thank many colleagues and 
two anonymous referees who provided 
constructive criticism and encouragement: 
Peter Woodgate (CRC Spatial Informa-
tion), Stefen Arndt, Lauren Bennett (Uni-
versity of Melbourne), David Cheal, Peter 
Fagg, Jaymie Norris, Gary Stoneham (De-
partment of Sustainability and Environ-
ment) and David McLaren (Department 
of Primary Industries) who all improved 
initial drafts and arguments. Thanks are 
also due to Fiona McKenzie and Elissa 
Waters (Department of Planning and 
Community Development) for assist-
ance with fi gures; and to James Darrough 
and Peter Rochester (Australian Bureau 
of Statistics) for reports and data on eco-
nomics of agriculture and Geraldine Cor-
ridan edited the manuscript. The views 
expressed are the author and do not neces-
sarily refl ect those of associated organiza-
tions. 

References
Attiwill, P.M. and Leeper, G.W. (1987). 

‘Forest soils and nutrient cycles’. (Mel-
bourne University Press, Carlton).

Australian Bureau of Statistics (ABS) 
(2002). ‘Measuring Australia’s pro-
gress’. ABS ca 1370.0. (ABS, Canberra).

Australian Bureau of Statistics (2008). 
5220.0: Australian national accounts: 
State Accounts, 2007–08, Australian 
Bureau of Statistics. Table 1 Gross State 
Product and Table 11 Agricultural In-
come: all states: Current prices. (Com-
monwealth of Australia, Canberra).

Australian Government (2007). National 
inventory report 2005 (Revised). The 
Australian Government Submission 

17 Nitschke and Hickey modelled domi-
nant species in the forests of the Victorian 
Central highlands. Warming and drying 
may not kill existing mountain ash (E. 
regnans), however, after the next regen-
eration event (fi re or harvesting) around 
mid century their seedlings would be out-
competed by other eucalypts.



Plant Protection Quarterly Vol.25(4)  2010   183

to the UN Framework Convention on 
Climate Change, 2007. (Department of 
Climate Change, Canberra).

Barr, N. (2008). Social landscapes in 
Victoria. In ‘Landscape analysis and 
visualisation. Lecturer notes in geoin-
formation and cartography series, eds 
C. Pettit, W. Cartwright, I. Bishop, K. 
Lowell, D. Pullar and O. Duncan, Ch 23. 
(Springer, Berlin).

Barr, N. and Karunaratne, K. (2002). Victo-
ria’s small farms, CLPR Research Rep. 
10. Department of Natural Resources 
and Environment.

Bennett, S., Brereton, R. and Mansergh. 
I. (1992). Enhanced greenhouse effects 
and the wildlife of south-eastern Aus-
tralia. Arthur Rylah Research Institute 
Technical Report 127.

Brereton, R., Bennett, S. and Mansergh, I. 
(1995). Enhanced greenhouse climate 
change and its potential effect on se-
lected fauna of south-eastern Australia: 
a trend analysis. Biological Conservation 
72, 339-54.

Carr, G.W., Yugovic, J.V. and Robinson, 
K.E. (1992). Environmental weed inva-
sion in Victoria: conservation and man-
agement implications. (Department of 
Conservation and Environment, Mel-
bourne).

Cathcart, M. (2009). ‘Water dreamers’. 
(Text Publishing, Melbourne).

Cheal, D. and Coman, B. (2003). Pest plants 
and animals. In Ecology: an Australian 
perspective, 2nd edition, eds A. Attiwill 
and B. Wilson, Ch 28. (Oxford Univer-
sity Press, Melbourne).

Cheal, D., Newell, G. and Griffioen, P. 
(2003). Climate change and weeds: can 
we predict future problems. In Climate 
impacts on Australia’s natural resources 
current and future challenges, pp. 39-42. 
(Queensland Government Natural Re-
sources and Mines, Brisbane). Also pub-
lished in Ecological Management and Res-
toration 5 (3), 234 and at http://www.
longpaddock.qld.gov.au/AboutUs/
Publications/ByType/Reports/Cli-
mateChange/CurrentAndFutureChal-
lenges2003/ConferenceWorkbook.pdf. 

Cook, G.D. and Dias, L. (2008). It was no 
accident: deliberate plant introductions 
by Australian government agencies 
during the 20th century. Australian Jour-
nal of Botany 54, 601-25

CSIRO (2009). Paterson’s curse Echium 
plantagineum. CSIRO BioControl. Avail-
able at http://www.ento.csiro.au/bio-
control/patcurse.html.

CSIRO Land and Water Science Report 
05/09 (CSIRO, Melbourne). 

Dalal, R.C., Allen, D.E., Livesley, S.J. and 
Richards, G. (2008). Magnitude and bio-
physical regulators of methane emis-
sion and consumption in the Australia 
agricultural, forest and submerged 
landscapes: a review. Plant and Soil 309, 
43-76.

Dean, C., Roxburgh, S. and Mackey, B. 
(2003). Growth modelling of Eucalyp-
tus regnans for carbon accounting at the 
landscape scale. In ‘Modelling forest 
systems’, eds A. Amaro, D. Reed and P. 
Soares, pp. 29-41. (CAB International).

Dorrough, J. and Moxham, C. (2005). Eu-
calypt establishment in agricultural 
landscapes and the implications for 
landscape scale restoration. Biological 
Conservation 123, 56-66.

Dorrough, J., Moxham, C., Turner, V. and 
Sutter, G. (2006). Soil phosphorus and 
tree cover modify the effects of live-
stock grazing on plant species richness 
in Australia’s grassy woodlands. Bio-
logical Conservation 130, 394-405.

Ehrenfeld, J.G. (2003). Effects of exotic 
plant invasions on soil nutrient cycling 
processes. Ecosystems 6, 503-23.

Fisher, J.L., Veneklaas, E.J., Lambers, H. 
and Loneragan, W.A. (2006). Enhanced 
soil and leaf nutrient status of a West-
ern Australian Banksia woodland com-
munity invaded by Ehrharta calycina 
and Pelargonium captatum. Plant and Soil 
284, 253-64.

Freudenberg, D. (2009). Landscapes under 
fi re: the resilience of restored commu-
nities near Canberra to large-scale dis-
turbance by fi re. Thinking Bush 9, 10-13. 
http://lwa.gov.au/products/pn30144.

Florence, R.G. (1996). ‘Ecology and silvi-
culture of eucalypt forests’. (CSIRO, 
Melbourne).

Garnaut, R. (2008). ‘The Garnaut climate 
change review’. (Cambridge University 
Press, Melbourne). Also at www.gar-
nautreview.org.au.

Garnaut, R. (2009). Climate change and 
the Australia agricultural and land use 
industries, Melbourne School of Land 
and the Environment – Dean’s Lecture 
Series. (University of Melbourne, Mel-
bourne).

Gill, E.D. (1965). Palaeontology of Victo-
ria. In ‘Victorian yearbook’, vol. 79, ed. 
V.H. Arnold, p. 24. (Victorian Govern-
ment, Melbourne).

Gillbank, L. (1986). The origins of the Ac-
climatisation Society of Victoria: practi-
cal science in the wake of the gold rush. 
Historical Records of Australian Science. 
6(3), 359-73.

Goulburn Broken Catchment and Land 
Protection Board (GBCLPB) (1997). Fi-
nal strategy. (GBCLPB, Melbourne).

Graetz, R.D., Walker, B.H. and Walker, 
P.A. (1987). The consequences of cli-
mate change for seventy percent of 
Australia. In ‘Greenhouse: planning 
for climate change’, ed. G.I. Pearman. 
(CSIRO Melbourne).

Greening Australia (2003). ‘Revegetation 
techniques: a guide for establishing na-
tive vegetation in Victoria’. (Greening 
Australia, Melbourne).

Groves, R.H., Boden, R. and Lonsdale, 
W.M. (2005). Jumping the garden fence: 

invasive garden plants in Australia and 
their environmental and agricultural 
impacts. (WWF and CSIRO, Ultimo, 
NSW).

Hallegatte, S., (2009). Strategies to adapt 
to an uncertain climate future. Global 
Environmental Change 19, 240-7.

Hamblin, A. (2009). Policy directions for 
agricultural land use in Australia and 
other post-industrial countries. Land use 
policy 26, 1195-204.

Hennessy, K., Lucas, C., Bathols, J., Ni-
cholls, N., Suppiah, R. and Ricketts, J. 
(2005). ‘Climate change impacts on the 
fi re weather in SE Australia’. (CSIRO 
and Bureau of Meteorology, Mel-
bourne).

Hennessy, K., Whetton, P., Smith, I., 
Bathols, J., Hutchinson, M. and Shar-
ples, J. (2003). ‘The impact of climate 
change on snow conditions in main-
land Australia’. (CSIRO Atmospheric 
Research, Aspendale, Victoria).

Herath, G. (1998). Agrochemical use and 
the environment in Australia: a re-
source economics perspective. Inter-
national Journal of Social Economics 25, 
283-310.

Hilty, J.A., Lidicker, W.Z. and Meren-
lender, A.M. (2006). Corridor ecology: 
the science and practice of linking land-
scapes for biodiversity conservation, 
323 p. (Island Press, Washington). 

Hughes, L. (2003). Climate change and 
Australia: trends, projections and im-
pacts. Austral Ecology 28, 423-43.

Holling, C.S. and Meffe, G.K. (1995) Com-
mand and control and the pathology of 
natural resource management. Conser-
vation Biology 10, 328-37.

IPCC (2007). IPCC Fourth Assessment 
Report, Working Group II Report: Im-
pacts, adaptation and vulnerability. 
Geneva, Intergovernmental Panel on 
Climate Change (IPCC).

Jones, R.N., Dettman, P., Park, G., Rogers, 
M. and White, T. (2007). The relation-
ship between adaptation and mitiga-
tion in managing climate change risks: 
a regional response for north central 
Victoria, Australia. Mitigation and Ad-
aptation Strategies for Global Change 12, 
685-712.

Jones, R. and Durack, P. (2005). Estimating 
the impacts of climate change on Victo-
ria’s runoff using hydrological sensitiv-
ity model. CSIRO and DSE, Melbourne.

Jones-Walters, L. (2007). Pan-European 
ecological networks. Journal for Natural 
Conservation 15, 264-7.

Kasel, S., Bennett, L.T. and Tibbits, J. 
(2008). Landuse infl uences soil fungal 
community composition across central 
Victoria, south-eastern Australia. Soil 
Biology and Biochemistry 40, 1724-32.

Keenan, R.J. (2002). Historical vegetation 
dynamics and the carbon cycle: current 
requirements and future challenges for 
quantifying carbon fl uxes in Australian 



184   Plant Protection Quarterly Vol.25(4)  2010

terrestrial ecosystems. Australian Jour-
nal of Botany 50, 533-44.

Kibblewhite, M.G., Ritz, K. and Swift, M.J. 
(2009). Soil health in agricultural sys-
tems. Philosophical Transactions of the 
Royal Society B 363 (1492), 685-701.

Kiener, K. (2009). The bright prospect of 
biochar. Nature reports: climate change 
3, 72-4. www.nature.com/reports/cli-
mate change. 

Kile, G., Greig, P. and Edgar, J. (1980). 
‘Tree decline in rural Victoria’. (Insti-
tute of Foresters, Melbourne).

Kloot, P.M. (1983). Early records of alien 
plants naturalised in South Australia. 
Journal of the Adelaide Botanic Gardens 
6, 93-131.

Lal, R. (2004). Soil carbon sequestration 
impacts on global climate change and 
food security. Science 304, 1623-7.

Laurence, W. (2001). Future shock: fore-
casting a grim fate for the earth. Trends 
in Ecology and Evolution 16 (10), 531-3. 
http://tree.trends.com 0169-5347/01.

Lehmann, J. and Joseph, S. (eds) (2009). 
‘Biochar: environmental management.’ 
(Earthscan, London).

Lindsay, A.M. (1985). Are Australian soils 
different? Proceedings of the Ecological 
Society of Australia 14, 83-97.

Lindsay, E. (2008). The soil seed bank of 
woodland remnants: a resource for res-
toration in weed infested woodlands. 
Thinking Bush 8, 12-13. 

Livesley, S.J., Kiese, R., Graham, J., Wes-
ton, C.J., Butter-Bahl, K. and Arndt, S.K. 
(2008). Trace gas fl ux and the infl uence 
of short-term soil water and tempera-
ture dynamics in the Australian sheep 
grazed pastures of differing productiv-
ity. Plant and Soil 309, 89-103.

Lonsdale, W.M. (1994). Inviting trouble: 
introduced pasture species in northern 
Australia. Australian Journal of Ecology 
19, 345-54.

Mansergh, I., Anderson, H. and Amos, N. 
(2006). Victoria’s living natural capital 
– decline and replenishment: 1880–2050 
(Parts 1 and 2). Victorian Naturalist 123, 
4-28, 288-323.

Mansergh, I. and Cheal, D. (2007). Pro-
tected area planning and management 
for eastern Australian temperate for-
ests and woodland ecosystems under 
climate change – a landscape approach. 
Protected areas: buffering against cli-
mate change, proceedings of a WWF 
and IUCN World Commission on Pro-
tected Areas symposium, 18–19 June 
2007, Canberra, eds M. Taylor and P. 
Figgis, Ch 8. (WWF Australia, Sydney). 

Mansergh, I., Cheal, D. and Fitzsimons, 
J.A. (2008). Future landscapes in south-
eastern Australia: the role of protected 
areas and biolinks in adaptation to cli-
mate change. Biodiversity 9 (3 and 4), 
59-70.

McKernan, M. (2005). ‘Drought: the red ma-
rauder’. (Allen and Unwin, Australia).

McAlpine, C.A., Syktus, J., Deo, R.C., Law-
rence, P.J., McGowan, H.A., Watterson, 
I.G. and Phinn, S.R. (2007). Modelling 
the impact of historical land cover 
change on Australia’s regional climate. 
Geophysical Research Letters 34, L22711, 
doi:10.1029/2007GL031524. pp 6.

McLaren, D.A. (2008). Historical aspects of 
commercial weed introduction – peren-
nial grass case study. Plant Protection 
Quarterly 23, 6–9.

Miehle, P., Livesley, S.J., Changsheng, L., 
Feikema, P.M., Adams, M.A. and Ar-
rndt, S. (2006). Quantifying uncertainty 
from large scale model predictions of 
forest carbon dynamics. Global Change 
Biology 12, 1421-34.

National Land and Water Audit (2001a). 
Australian agriculture assessment – 
2001 vol. 2. (National Land and Water 
Resources Audit: Canberra).

National Land and Water Audit (2001b). 
Landscape health in Australia. (Na-
tional Land and Water Resources Au-
dit: Canberra).

Natural Resource Policies and Programs 
Committee, Biodiversity Decline 
Working Group (NRP&PC) (2005). A 
national approach to biodiversity de-
cline. (Biodiversity Decline working 
Group (NRP&PC, Canberra). http://
www.environment.gov.au/biodiver-
sity/publications/pubs/biodiversity-
decline.pdf.

Nemani, R., Keeling, C., Hashimoto, H., 
Jolly, W., Piper, S., Tucker, C., Myneni, 
R. and Running, S. (2003). Climate-
driven increases in global terrestrial net 
primary production from 1982 to 1999. 
Science 300, 1560-3.

Newell, G., Griffi oen, P. and Cheal, D. 
(2001). The potential effect of ‘green-
house’ climate warming scenarios upon 
selected Victorian plant and vegetation 
communities. (Arthur Rylah Institute 
for Environmental Research, Mel-
bourne).

Nitschke, C.R. and Hickey, G.M. (2007). 
Assessing the vulnerability of Victoria’s 
Central Highlands forests to climate 
change. Technical Report prepared for 
DSE in conjunction with Melbourne 
University. 

Opdam, P. and Wascher, P. (2004). Climate 
change meets habitat fragmentation: 
linking landscape and biogeographical 
scale levels in research and conserva-
tion. Biological Conservation 117, 285-97.

Pitman, A.J. and Narisma, G.T. (2004). Im-
pact of land cover change on the climate 
of southwest Western Australia. Jour-
nal of Geophysical Research 109, D18109, 
doi:10.1029/2003JD004347. 

Radho-Toly, S., Majer, J.D. and Yates, 
C. (2001). Impact of fi re on leaf nutri-
ents, arthropod fauna and herbivory of
 native and exotic eucalyptus in Kings 
Park, Perth, Western Australia. Austral 
Ecology 26, 500-6.

Randall, R. (2001). Garden thugs, a na-
tional list of invasive and potentially 
invasive garden plants. Plant Protection 
Quarterly 16, 138-71 

Read, P. (2009). Policy to address the threat 
of dangerous climate change: a leading 
role for biochar. In ‘Biochar: environ-
mental management’, eds J. Lehmann 
and S. Joseph, pp. 393-404. (Earthscan, 
London). 

Root, T.L., Price, J.T., Hall, K.R., Schneider, 
S.H., Rosenzweig, C. and Pounds, J.A. 
(2003). Fingerprints of global warming 
on wild animals and plants. Nature 421, 
57-9.

Russell, P. (2006). Recognising Aboriginal 
title: the Mabo case and indigenous re-
sistance to English-settler colonialism. 
(UNSW press, Sydney) (See also ‘The 
Mabo case: its signifi cance for Australia 
and the world.’ also http://www.anu.
edu.au/discoveranu/content/pod-
casts/mabo_case/.

Schama, S. (1998). ‘Landscape and mem-
ory.’ (Vintage Publications, New York, 
USA).

Smith, D.F. (2000). ‘Natural gain: in the 
grazing lands of southern Australia’. 
(University of New South Wales, Syd-
ney).

Smith, J.L., Schneider, S.H., Oppenheimer, 
M., Yohe, G.W., Hare, W., Manstrand-
rea, M.D., Patwardhan, A., Burton, I., 
Corfee-Morlot, J., Magadza, C.H.D., 
Fussel, H., Pittock, A.B., Rahman, A., 
Suarez, A. and van Ypersele, J. (2009). 
Assessing dangerous climate change 
through an update of International 
Panel on Climate Change (IPCC) 
‘Reasons for concern’. PNAS 106 (11), 
4133–7. http://www.pnas.org/con-
tent/106/11/4133.abstract.

Sohi, S., Lopez-Capel, E., Krull, E. and Bol, 
R. (2009). Biochar, climate change and 
soil: a review to guide future research. 
CSIRO Land and Water Science Report 
05/09.

State of the Environment Advisory Coun-
cil (1996). State of the environment: 
Australia. (CSIRO, Melbourne). 

Steel, J., Kahouts, M. and Newell, G. (2008). 
Climate change and potential distribu-
tion of weeds. Wither the weeds under 
climate change. (Department of Pri-
mary Industries, Melbourne). http://
www.climatechange.vic.gov.au/
CA256F310024B628/0/A53EA6822D
FD3B3DCA2573FA00256DC6/$File/
Whither+the+weeds+under+climate+
change.pdf.

Steffen, W. (2009). Climate change 2009. 
Faster change and more serious risks. 
(Australian Government, Depart-
ment of Climate Change, Canberra). 
Available at http://www.anu.edu.
au/climatechange/wp-content/up-
loads/2009/07/climate-change-faster-
change-and-more-serious-risks-final.
pdf.



Plant Protection Quarterly Vol.25(4)  2010   185

Steffen, W., Burbidge, A., Hughes, L., 
Kitching, K., Lindenmayer, D., Mus-
grave, W., Stafford Smith, M. and 
Werner, P. (2009). ‘Australia’s biodi-
versity and climate change’. (CSIRO, 
Melbourne). 

Stern, N. (2007). ‘The Stern review: the eco-
nomics of climate change’. (Cambridge 
University Press, United Kingdom).

Stoneham, G., Eigenraam, M. and Bain, 
D. (2009). Creating environmental ac-
counts for diffuse-source environmen-
tal problems, Paper prepared for the 
London Group on Environmental Ac-
counting Workshop, 1 May 2009, Can-
berra, Australia. 

Tang, J., Chen, J. and Chen, X. (2006). Re-
sponse of 12 weedy species to elevated 
CO2 in low-phosphorus-availability 
soil. Ecological Research 21, 664-70.

Thomas, C., Cameron, A., Green, R., 
Bakkenes, M., Beaumont, L., Colling-
ham, Y., Erasmus, B., de Siqueira, M., 
Gralnger, A., Hannah, L., Hughes, L., 
Huntley, B., van Jaasvel, A., Midgley, 
G., Miles, L., Ortega-Huerta, M., Pe-
terson, A., Phillips, O. and Williams, 
S. (2004). Extinction risk from climate 
change. Nature 427, 145-8.

Turner, D.A., Chen, D., Galbally, I.E., Le-
uning, R., Edis, R.B., Li, Y., Kelly, K. and 
Phillips, F., (2008). Spatial variability of 
nitrous oxide emissions from an Aus-
tralian irrigated dairy pasture. Plant and 
Soil 309, 77-88.

Umina, P.A., Weeks, A.R., Kearney, M., 
McKechnie, S.W. and Hoffmann, A.A. 
(2005). A rapid shift in a classic clinal 
pattern in Drosophila refl ecting climate 
change. Science 308, 691-3.

Vesk, P.A. and McNally, R. (2006). The 
clock is ticking. Revegetation and habi-
tat for birds and arboreal mammals in 
rural landscapes of southern Australia. 
Agriculture, Economics and Environment 
112, 356-66.

Victorian Catchment Management Coun-
cil (VCMC) (2007). Catchment condi-
tion report: 2007 (author, Melbourne).

Victorian Government (2008a). Climate 
Change in Victoria: 2008 Summary (au-
thor, Melbourne).

Victorian Government (2008b). Land and 
biodiversity in times of climate change: 
Green Paper (author, Melbourne). 
Available at: http://www.dse.vic.gov.
au/DSE/nrence.nsf/LinkView/22702
13701D9AE6DCA2574350015F8F9554F
C9C681B6CAB6CA2572C600036DB1#
gp.

Victorian Government (2009a). White 
Paper: Land and biodiversity in times 
of climate change. (Department of 
Sustainability and Environment, Mel-
bourne).

Victorian Government (2009b). Victorian 
Climate Change Green Paper (Victorian 
Government, Department of Premier 
and Cabinet, Melbourne).

von Bülow, M., (2009). UN chief calls 
on countries to take practical steps to 
adapt to climate change, UN Climate 
Change Conference 7 Dec–17 Dec 2009. 
Available at: http://en.cop15.dk/
news/view+news?newsid=1782.

Wadham, S., Wilson, R.K., and Wood, J. 
(1957). ‘Land utilisation in Australia’, 
3rd edition. (Melbourne University 
Press, Carlton).

Walker, B., Abel, N., Anderies, J.M. and 
Ryan, P. (2009). Resilience, adaptability 
and transformability in the Goulburn–
Broken catchment, Australia. Ecology 
and Society 14 (1). Available at http://
www.ecologyandsociety.org/vol14/
iss1/art12/.

Walther, G. et al. [28 co-authors] (2009). 
Alien species in a warmer world: risks 
and opportunities. Trends in Ecology and 
Evolution 24 (12) 686-93.

Wentworth Group (2008). Accounting for 
nature: a model for building the nation-
al environmental accounts of Australia. 
(Wentworth Group, Canberra).

Wentworth Group (2009). Optimising car-
bon in the Australian landscape. (au-
thor, Sydney).

Woodward, F.I. and Rochefort, L. (1991). 
Sensitivity analysis of vegetation di-
versity to environmental change. Global 
Ecology and Biogeography, Letters 1, 7-23.

World Bank (2009). Convenient solutions 
to an inconvenient truth: ecosystem 
based approaches to climate change. 
http://siteresources.worldbank.org/
ENVIRONMENT/Resources/ESW_
EcosystemBasedApp.pdf

Yates, C.J., Norton, D.A. and Hobbs, R.J. 
(2000). Grazing effects on plant cover, 
soil and microclimate in fragmented 
woodlands in south-western Australia: 
implications for restoration. Austral 
Ecology 25, 36-47.


