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1. Introduction and summary
1.1

Introduction

he potential impacts of climate change on
biodiversity in Queensland are poorly understood.
This report is a preliminary attempt to assess likely
impacts on terrestrial biodiversity at state and bioregional
levels and to provide policy recommendations. It has a
special focus on dominant plant and on species listed
under Queensland legislation as endangered or vunerable.

T

There is no widely accepted methodology for assessing
vulnerability to climate change on a large scale.
A popular approach has been to model the future climatic
space of species or biomes (for example Hughes et
al. 1996; Williams et al. 2003), but these modelling
exercises operate from many assumptions that have
been questioned (Hughes et al.1996; Davis et al. 1998;
Chambers et al. 2005; Hampe and Petit 2005; Heikkinen
et al. 2006; Ibanez et al. 2006; Lewis 2006; Araujo and
Luoto 2007; Sutherst et al. 2007b; Pearman et al. 2008a;

Elith and Leathwick 2009; Jackson et al. 2009; Lavergne
et al. 2010; Austin and Van Niel 2011), a point considered
in section 5. The large number of species in Queensland
with climatically incoherent distributions implies that
other methods should be used, at least for these. This
report draws on all available sources of information,
including data on past responses to natural climate
change, to inform a qualitative assessment of the various
threats, with a particular focus on dominant plants and
on currently threatened species.
Predictions made in climate change assessments
depend strongly on the underlying assumptions, so it
is important that these are made explicit and justified
by referring to relevant literature and expert opinion.
Section 5 reviews the relationship between climate and
species distributions as the foundation for developing a
set of ecological assumptions to guide the bioregional
assessments undertaken in section 5.1).
This report considers climate projections for 2070
assuming a high emissions scenario.

Rocky locations such as Girraween National Park provide such large temperature and moisture gradients that many rock-dwelling
species should survive climate change in coming decades by minor adjustments of behaviour. Species distribution models are apt to
overstate the risk to these species because their distributions are often small. But some relict species found among rocks are highly
vulnerable to climate change. Photo: DERM
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Some species appear to face a low risk from climate
change by 2070, but if greenhouse gas emissions keep
rising, the harm to biodiversity will greatly exceed that
which is proposed here, with all habitats and most
species likely to face some threats. Even if emissions
are controlled before 2070, climate change will extend
beyond that date, with worse outcomes than those
explored in this report. It is also possible that this report
significantly underestimates the risks by operating from
assumptions that will be proved incorrect. For example,
there is uncertainty about whether or not El Niños will
increase (Vecchi and Witternberg 2010; see section 6.1),
and this report may have erred by assuming they will not. It
may be too optimistic about animals adjusting to reduced
nutrients in plants (see section 3.6.2 and Hovenden
and Williams [2010]). Outcomes will also be worse if the
climate changes more quickly than current projections
suggest. But it is also possible that some risks have been
overstated, at least under a 2070 scenario.
With a focus on terrestrial biodiversity, the report is
a wide-ranging but far from comprehensive desk-top
review. The plants that dominate regional ecosystems
(Sattler and Williams 1999) receive special attention.
Mangroves and saltmarshes are included for this reason,
but shorebirds and marine species, including turtles,
are excluded. Freshwater organisms are mentioned
where information came to hand, but are not a major
focus. Vertebrates receive far more attention than
invertebrates, but very little can be said about some
groups of vertebrates in some bioregions because there
is little on which to base predictions, and the same is
true about most invertebrates. Species listed under the
Nature Conservation Act 1992 receive special attention,
and those described as ‘endangered’, ‘vulnerable’
or ‘near threatened’ are listed as such under Nature
Conservation (Wildlife) Regulation 2006, unless
otherwise stated. Some climatic issues have not been
addressed (for example reduced frost incidence) and
some receive only limited attention (for example more
extreme floods). Knowledge of biodiversity is much
greater for some bioregions than others, resulting in
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only cursory treatment of some bioregions (for example
the Desert Uplands). The assessments are consequently
very limited, with many significant issues no doubt
overlooked. The goal of the report has been more to set a
framework for future work than to address all the issues.
The following chapter (section 2) summarises climate
projections used in this report. As the impacts of
anthropogenic climate change on biodiversity can only
be understood against the backdrop of past natural
climate change, this section also considers past climates
that may be analogues for the future. There can be little
doubt that temperatures are rising, but future rainfall
projections are less certain. One major limitation of
this report is that the prospect of rainfall increasing has
received little emphasis.
Section 3 examines how the different aspects of climate
change – higher temperatures, rainfall changes, fire, sea
level rise – and also rising CO2, can be expected to affect
species in the future. It does so by considering evidence
of past impacts of changing temperature, rainfall, and fire
on species, and experiments applying higher CO2 levels
to growing plants.
Section 4 reviews expected climate impacts on four
habitats. Eucalypt forests and rainforests were assessed
because they support so much biodiversity in Queensland,
and mangroves and saltmarshes were included because
there is a large body of published information about their
likely responses to climate change.
Section 5, as noted earlier, develops a set of ecological
assumptions to guide the bioregional assessments.
Climate change risks for each of Queensland’s
13 bioregions (see Map 1) are assessed in the subsequent
section, beginning with a list of the climatic and
ecological assumptions that guided the assessments.
Management recommendations specific to each
bioregion are offered. This section also includes an
introductory section on the methodology.
The final section considers management options and
approaches that apply more widely.

1. Introduction and summary

Map 1. The 13 bioregions of Queensland
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1.2

Summary

limate change is expected to increase
temperatures, reduce rainfall, increase drought
frequency and severity, increase cyclone intensity
(but not frequency), and increase sea levels (section 2).
There are significant levels of uncertainty about future
rainfall (3.3) and El Niño frequency (3.2). Fire risk is
predicted to increase in eastern Queensland, and in
inland regions invaded by buffel grass (Pennisetum
ciliare), but in other regions it may increase or decrease.

C

Queensland biodiversity will be affected in many
ways. This report generates predictions based upon all
possible sources of information, including responses
to past climate, distribution patterns, genetic evidence,
modelling, experiments, and expert opinion. The
predicted impacts on plants that dominate regional
ecosystems (Sattler and Williams 1999) receive special
attention. The report uses 2070 as an endpoint for
predictions, while recognising that climate change will
continue beyond that date with worsening impacts on
biodiversity. Given all the uncertainties, this report may
significantly underestimate some impacts, although it
may also overestimate some impacts.
Extreme climatic events are expected to prove more
harmful than incremental changes. The most damaging
events are likely to be extreme droughts that coincide
with extended heatwaves (3.2, 3.9). Many plant and
animal deaths during such events can be expected,
leading to shifts in species composition. Fires of
unprecedented size and intensity may also prove very
harmful, leading to permanent changes in species
composition (3.5).

Plants in experiments usually grow better rather than
worse when temperatures are raised and water is
not limiting (3.1), from which it can be proposed that
competition usually prevents plants from growing close
to their upper temperature limits. This implies that
rising temperatures, on their own, will not harm most
plants (3.1). But high temperatures, because water in
most ecosystems is limiting, will increase water stress
by increasing evapotranspiration, and it will change
competitive relationships, and often increase fire risk
(3.1). Major shifts in plant composition could occur
from these changes, especially in severely water limited
environments and in regions where plants with ‘tropical’
and ‘temperate’ distributions overlap. The latter include
Southeast Queensland and mountains on the Central
Queensland Coast and Wet Tropics (3.1).
High temperatures can be very detrimental to animals
(3.1). Those most vulnerable to rising temperatures
may come from two contrasting habitats: arid regions
where animals live close to their limits, and large
stable rainforest refugia where animals have a limited
physiological or behavioural capacity to cool themselves
(3.1). But recent flying fox deaths do not match either
situation and suggest that unpredictable heat deaths
will occur (3.1). A major heatwave mortality event in
1932 implies that many deaths of arid zone birds and
mammals are likely, and this should be a special concern
in south-west Queensland (3.1, 6.6).
Many vegetation communities are at risk from sea level rise
– for example paperbark (Melaleuca species) woodlands
and wetlands (3.7). Coastal vegetation communities
have some capacity to migrate inland with sea level rise,
but in most of eastern Queensland spread inland will be
prevented by steep land or by human developments (3.7).

Droughts combined with rising temperatures may be the main drivers of species decline. Overgrazing exacerbates their impacts by
removing shade near the ground, as shown here near Winton in 2005. Photo: Tim Low
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Rising CO2 levels should provide plants with some
compensation for declining water availability under
climate change (3.6). But some plants will benefit
more than others, leading to many shifts in vegetation
composition and structure that are difficult to predict
(3.6). The nutritional quality of foliage is expected to
decline, with detrimental impacts on browsing mammals
and insects, and possible impacts on their predators as
well (3.6).
Shifts in relative species abundance will be a major
outcome of climate change (3.8, 3.1, 3.6). Many rare
rainforest plants could be displaced by native plants and
weeds that benefit from climate change (3.8, 4.2). Other
shifts could include increases in noisy miners (Manorina
melanocephala), which limit eucalypt adaptation to
climate change by reducing pollen movement (3.8, 6.12),
and increases in weeds (3.8), most notably flammable
pasture grasses that increase fire intensities and
frequencies to the detriment of many species (3.5).
Human responses to climate change will have major
impacts on biodiversity (3.9). If farmers respond to
increasing heat and drought stress by farming more goats
instead of cattle, the consequences could be detrimental
for many plants, including rare species (3.9, 6.7).
Eucalypts may show considerable resilience to climate
change, having distributions that often do not reflect
climatic limits (4.1, 6.1), and pollination systems and
growth forms that facilitate survival under changing
conditions (4.1). But deaths of dominant ironbarks (for
example E. crebra, E. melanophloia) and boxes and their
replacement over large areas by subordinate bloodwoods
(Corymbia species) seem likely (4.1), because dominant
eucalypts often have ‘high risk’ growth strategies.
Contractions of range at western margins are likely,
especially for species with large ranges.
Rainforest trees often survive droughts better than
eucalypts, suggesting considerable resilience to climate
change (4.2). But some rainforests are likely to suffer
increased fire damage and weed invasion, and many
changes in species dominance can be expected (4.2).
Mangroves should benefit from climate change in some
locations and decline on others, depending upon the
opportunities for upslope migration. Saltmarshes are
likely to decline.
The report includes assessments of the likely impacts of
climate change on habitats and species within each of
Queensland’s 13 bioregions (6). The assessments operate
from 14 assumptions (6.1). These include that El Niño
frequency will not increase (3.2), that environmental
stress will increase mainly on an inland to coast gradient
(5.1), that distributions do not necessarily reflect climatic
tolerances (5), and that spread of species into new
regions will not be a dominant response (5.3).
Large numbers of plants and animals with small
distributions are probably more resilient to climate

change than their small distributions might suggest
(5.3). Most rare and threatened species, and those with
small and fragmented distributions, seem unlikely to
migrate along corridors, and protection of refugia will
better ensure their survival (5.3). Because refugia provide
climatic envelopes lacking from surrounding areas, they
will always retain high conservation value, even though
species losses are likely (5.3).
Corridors will facilitate movement of common species,
provide habitat for rare species, and contribute to
habitat continuity (5.3). But corridors may sometimes
disadvantage rare species (5.3). Migrations of species will
mainly be limited to those with increasing populations
(5.3). The prospects for migration by rare species seem
doubtful (5.3).
Management recommendations are provided.
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2. Climate change past and future
limate projections are considered under the
following headings: temperature, rainfall,
drought, cyclones, fire, sea level rise. Projections
are derived from Climate Change in Australia by CSIRO
and Bureau of Meteorology (2007) unless otherwise
indicated. With greenhouse gas emissions tracking
above the highest estimates of the Intergovernmental
Panel on Climate Change (IPCC 2007), high emissions
scenarios provide the most realistic basis for projections
(Gilmore 2008). Projections used in this report are thus
based on high emissions (A1F1) scenarios, except when
Gilmore (2008), who embraced a range of scenarios,
is quoted. The climate projections for the bioregional
assessments are taken from the regional climate change
summaries produced by the Queensland Government as
part of ClimateQ (www.climatechange.qld.gov.au/pdf/
climateqreport/climateqreport-regionalsummaries.pdf).

Future projected changes are presented in Table 1
in the next section, but it should be noted that the
projections were generated for regions delineated
differently from Queensland’s bioregions. Map 2 shows
the 13 Queensland bioregions, for which climate change
impacts are projected in section 6, overlain with the
13 regions used by ClimateQ. ClimateQ projections were
matched to the bioregions with the most overlap, but
because the regions do not correspond precisely the
projections should be considered indicative only.

The brown falcon (Falco berigora) was one of many bird species
that succumbed to the 1932 heatwave, which was a portend of a
hotter future. Photo: Jon Norling

Map 2. Queensland’s bioregions overlaid with the regions for
which ClimateQ has generated predictions

C

The impacts of anthropogenic climate change on
biodiversity can only be understood against the backdrop
of past natural climate change, so past climatic periods
of relevance to the future are also considered here.
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2.1

Temperature

he average temperature in Australia has increased
by 0.9 °C since 1910, with most of the warming
occurring since 1950. The warming trend has
been stronger in some regions than others, with Map 3
showing that in Queensland the largest increases have
occurred within the more westerly bioregions, and
especially in the far west between Dajarra and Bedourie,
within part of the Mitchell Grass Downs, Channel Country
and Northwest Highlands. These increases exceed those
recorded elsewhere in Australia, except for the region
around Alice Springs.

T

The trend from 1950–2006 (Map 4) indicates that mean
temperatures have been increasing at a rapid rate (0.2–
0.3 °C per decade) across all of Queensland except in the
southeast corner and the far north, where rises have been
more modest. Since 1950, temperatures have been rising
faster in Queensland than in most parts of Australia, with
the highest increases on the continent occurring in the
southwest of the state.

Map 3. Trends in mean temperature 1910–2006. CSIRO and
Bureau of Meteorology

Table 1. Indicative projected changes to temperature,
evapotranspiration and rainfall for each bioregion by 2070
Mean
temperature
increase (°C)

Evapotranspiration
increase (%)

Rainfall
decrease (%)

Northwest
Highlands

3.4

9

5

Gulf Plains

3.2

10

2

Cape York
Peninsula

2.7

10

1

3.4–3.6

8–9

5–9

3.6

8

9

Mulga Lands

3.5–3.6

8

10

Wet Tropics

2.8

10

3

Central
Queensland
Coast

3

11

10

2.8–3

10–11

7

3

11

3 –7

Brigalow Belt

3.2

10–11

9–10

Southeast
Queensland

2.9

10–11

8

New England
Tableland

3.2

11

9

Bioregion

Mitchell Grass
Downs
Channel
Country

Einasleigh
Uplands
Desert
Uplands

From the Office of Climate Change (OCC) website. The regions
from which this climate data was extracted often do not match
Queensland bioregions, hence the ranges of figures where no
one OCC region matched a bioregion.

8

Climate Change and Queensland Biodiversity

Map 4. Trends in mean temperature 1950–2006. CSIRO and
Bureau of Meteorology

By 2030, annual average temperatures in Queensland’s
coastal areas are expected to rise by about 0.9 °C (range
of 0.7–1.2 °C) above the mean of recent decades, with
inland areas increasing by about 1.1 °C (range of 0.7–1.6 °C)
(Gilmore 2008). By 2070, temperatures are likely to increase
in the bioregions by 2.8 to 3.6 °C under a high emissions
‘best prediction’ scenario, with the smallest rises expected
in the north and the largest in the southwest.
At local scales, topography will influence local
temperature increases. Ashcroft et al. (2009) monitored
monitored soil temperatures at 40 sites on the Illawarra
Escarpment near Wollongong and related these to air
temperatures at Bureau of Meteorology stations. They
found that higher soil temperatures were reached at
lower elevations, at inland locations, away from streams,

2. Climate change past and future
and at sites exposed to the northwest. Less warming
had occurred nearer the coast, closer to streams, at
higher elevations, and at sites exposed to cold south
to southeast winds or sheltered from warm, dry west to
northwest or north to north northeast winds.

Riparian species such as Merten’s water monitor (Varanus
mertensi) may face less warming than other animals because
riparian habitats are buffered from temperature extremes.
Photo: Brett Taylor

2.1.1 Past temperatures
Many species existing today may have lived through warmer
periods. An early belief that most extant species originated
during the Pleistocene has been discredited (Klicka and
Zink 1997; Willis and Niklas 2004; Byrne 2008), and there
is growing fossil and DNA evidence to indicate that most
living species date back at least to the Pliocene. Since that
time there have been three periods when temperatures were
possibly higher than today: the early-mid Pliocene, the last
interglacial and the mid Holocene.
Global climate models suggest that temperatures
during the early-mid Pliocene were a sustained 2–3 °C
higher than in recent pre-industrial times (Haywood
and Valdes 2004; IPCC 2007). Dated inconsistently by
various experts as having occurred sometime between
5 and 2.85 million years ago, this period was warm
enough for Antarctic beeches (Nothofagus) to grow
in part of Antarctica (Hill et al. 1996). The IPCC (2007)
described this early or mid Pliocene warming event as
‘an accessible example of a world that is similar in many
respects to what models estimate could be the Earth in
the late 21st century’.
However, although evidence is strong for warming
during the Pliocene in southern Australia (Macphail
1997), it is virtually lacking for Queensland. This could
reflect a paucity of fossil sites (Scott Hocknull pers.
comm.) or a regional difference in climatic influences.
Global modeling of this period suggests there was
no temperature increase in equatorial areas and less
warming in the mid latitudes of the Northern Hemisphere
(Chandler 1997), although there is evidence from
foraminifera deposits of permanent El Niño conditions in
the Pacific during the early Pliocene (Wara et al. 2005),
which would imply warm conditions. An early Pliocene
rainforest fauna recorded from fossils in the Mt Etna

Caves (Hocknull 2005) is consistent with a much wetter
climate, but does not imply higher temperatures.
The ice ages were marked by low temperatures, but
the last interglacial, 130 000–120 000 years ago, was
evidently warmer than today, globally (IPCC 2007) and
in Australia (Byrne et al. 2008). The Australian evidence
consists mainly of coral reefs growing in southerly
locations (Chappell 1991). Corals thrived at least as far
south as central New South Wales (Pickett et al. 1989)
and on Rottnest Island in Western Australia (Pandolfi and
Greenstein 2007). The New South Wales corals, found at
32°49’ S, suggest ‘an exceptionally warm climate’ (Pickett
et al. 1989). Chappell (1991) noted that many coastal
beach ridges and barriers contain coral and mollusc
remains that suggest temperatures a ‘few’ degrees
higher than today. Evidence of at least slight warming
in Queensland is indicated by fossils of the cannonball
mangrove (Xylocarpus species). Occurring today only from
Fraser Island north, cannonball mangrove fossils have
been found on Stradbroke Island (Pickett et al. 1984),
200 km to the south, dating back about 105 000 years.
There is also evidence around the world for a mid
Holocene warming event – the Holocene Climatic
Optimum (HCO) – when rainfall was also higher.
Five thousand years ago, sea levels in north Queensland
were up to 2.8 m higher than today (Woodroffe 2009),
consistent with globally higher temperatures. Exposed
corals on Magnetic Island imply a sea level 1.6 m higher
than today about 5800 years ago (Yu and Zhao 2009).
Most pollen records from Australia show a transition to
wetter vegetation at this time, although a few southern
records show a transition to moisture-stressed vegetation
(Pickett et al. 2004). The pollen records showing wetter
vegetation are usually interpreted as evidence of higher
rainfall, and temperatures are either not mentioned
(Genever et al. 2003; Donders et al. 2007) or are thought
to have been higher (Dodson 2001).
Gagan et al. (1998) compared the calcium/Sr ratios of
Porites corals growing at different temperatures with the
ratio in a 5350 year old Porites fossil from Orpheus Island
in the central Great Barrier Reef and deduced that it was
growing in water 1 °C warmer than today, although the
dating may be inaccurate (Gagan et al. 2004).
Kershaw and Nix (1988) matched pollen records from the
Atherton Tableland with the current climatic ranges of the
tree species and inferred that temperatures 5000 to 3600
years ago were 2–3.5 °C higher than now. Nix (1991) later
simplified this estimate to a 2 °C rise, a figure used in
several studies that model past distribution of rainforest
in the Wet Tropics, for example Hilbert et al. (2007) and
VanDerWal et al. (2009). Analysis of the tables presented by
Kershaw and Nix (1988) shows that their assessment relies
almost entirely on the pollen of one species: bishopwood
(Bischofia javanica), a lowland rainforest tree which is
unusual in having pollen dispersed by the wind, which
can thus spread large distances. Bishopwood pollen
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was represented in all time periods of their study, but
with a strong peak 5000–3600 years ago and a smaller
peak 5000–6000 years ago. Kershaw and Nix evidently
interpreted the larger peak as representing a local
population of bishopwood, and the lower levels as
representing pollen blown in from low altitudes during
cooler periods. But if the 5000–3600 year time period
was wetter but not hotter, bishopwood pollen might
still increase, although perhaps not as much, from
rainforest expansion increasing bishopwood numbers in
the lowlands.
Dimitriadis and Cranston (2001) analysed chironomid fly
remains from sediments in Lake Barrine and concluded
from the known temperature tolerances of the species
they found that the climate on the Atherton Tableland
6090–5130 years ago was about 2.9 °C warmer than the
present, and was generally about 2.5 °C warmer than the
present for much of the past 4650 years. Dimitriadis and
Cranston acknowledged a considerable potential for error
in the dating methods. Their temperature reconstructions
are based on very limited evidence, the quality of which
can be questioned (Peter Gell pers. comm.).
Evidence for a warm Holocene Climatic Optimum has
been obtained from pollen records from the highlands
of Papua New Guinea, Irian Jaya and Sumatra, which
show upslope migration of lower montane and tropical
broadleaf forest and woodland about 6000 years ago
(Pickett et al. 2004).
A corroborating pollen record has also been obtained
from Barrington Tops, a plateau 100 km north-west of
Newcastle in New South Wales. The pollen record shows
that temperate rainforest and wet eucalypt forest were
more extensive 6500 to 3500 years ago than today,
which Dodson et al. (1986) interpreted as most likely
due to higher temperatures and/or a lower incidence
of desiccating winds. Frost rather than rainfall currently
limits rainforest at this site.
Lake Allom on Fraser Island contained more water
5500–3000 years ago than it did in the early Holocene
(Donders et al. 2006), and Whitsunday Island had more
rainforest 7000–4500 years ago than it does today
(Genever et al. 2003), consistent with a wet Holocene
Climatic Optimum, but no inferences can be drawn
about temperature. Donders et al. (2007) noted that
pollen records from different regions in Australia record
a mid-Holocene moisture optimum but that the dates of
onset vary greatly, with Lake Euramoo on the Atherton
Tableland recording an increase in rainforest 3000 years
before Lake Allom on Fraser Island.
The evidence for higher temperatures in Queensland
during the Holocene Climatic Optimum is not strong, and
relies mainly on the pollen evidence presented by Nix
and Kershaw (1988). This is consistent with evidence
from elsewhere in Australia indicating that temperatures
were higher, but does not prove they were higher
in Queensland.

10

Climate Change and Queensland Biodiversity

The evidence for warmer periods in Queensland since the
early Pliocene is thus sparse. The cannonball mangrove
fossil on Stradbroke Island is convincing because seeds are
regularly carried southwards by the East Australian Current
and because the absence of this species from mangrove
habitat in Moreton Bay is unlikely to reflect anything other
than low temperatures. But a 200 km southward spread
from Fraser Island translates into no more than a 1 °C rise
in temperature. The fossil pollen evidence from Atherton
Tableland is strongly suggestive but not compelling. This
does not mean that increases of 2 °C or more did not occur,
only that this remains uncertain.

2.2

Rainfall

o clear trends in rainfall can be detected for
the period 1900 to 1949 but strong trends have
emerged since 1950 (CSIRO and Bureau of
Meteorology 2007). Increased rainfall in northwestern
Australia has been matched by a decrease in eastern
Australia. An average decline of more than 50 mm per
decade has been recorded in the Wet Tropics and the
Central Queensland Coast, and also in the coastal
sections of the Brigalow Belt and Southeast Queensland,
and in part of the Einasleigh uplands.

N

Future rainfall trends are far more difficult to project than
future temperatures because rainfall patterns are not
directly influenced by rising greenhouse gases and are
very sensitive to regional influences. The best estimate
projections are for declines throughout Queensland,
although these are slight for Cape York Peninsula (see
Table 1).
Different global climate models produce very different
projections of rainfall changes, and the ‘best estimate’ is
the median of many different projections. As CSIRO and
Bureau of Meteorology (2007) noted: ‘The range of annual
precipitation change is -30% to +20% in central, eastern
and northern areas [of Australia], with a best estimate
of little change in the far north grading to around a 10%
decrease in the south’. CSIRO and Bureau of Meteorology
(2007) also cautioned that ‘projected precipitation
change can vary significantly at fine spatial scales,
particularly in coastal and mountainous areas.’
Changes are expected on a seasonal basis
(Gilmore 2008):
Current projections indicate winter and spring rainfall
is likely to decrease in Queensland in central and
southern areas, but changes in summer and autumn
rainfall are less certain. Extreme daily rainfall is
expected to be less affected by the projected drying
tendency and may increase, particularly in summer
and autumn.
Rainfall events are also expected to become more
intense, with an increase in average rainfall per day of

2. Climate change past and future
rain. This is accompanied by an increase in the number
of dry days: ‘the future precipitation regime will have
longer dry spells interrupted by heavier precipitation
events’ (CSIRO and Bureau of Meteorology 2007). One
consequence would be an increased likelihood of floods.
Humidity is expected to decline slightly in Queensland,
except along the coast, with a decline of 1 or 2%
projected for inland areas by 2070.
Evapotranspiration, which is the combination of
evaporation of water from soil and transpiration from
vegetation, is expected to increase over Australia,
especially in the north and east. An increase of 4–12%
is projected for Queensland by 2070. As Gilmore (2008)
noted: ‘Irrespective of changes in rainfall, increased
evapotranspiration will result in an increase in aridity and
the severity of droughts.’

daisies dominated the pollen record (Dodson and Wright
1989). Water availability in this region is not expected
to fall so low in future as to prevent tree growth. The
presence of isolated eastern populations of spinifex
(Triodia marginata), mulga (Acacia aneura), brigalow
(A. harpophylla), gundabluie (Acacia victoriae), Mitchell
grass (Astrebla pectinata), and green mallee (E. viridis)
in southern Queensland also imply a drier climate in the
recent past. Records of dust deposits and dune formation
in many areas also tell of declining tree cover, although
this could reflect intense frosts (Byrne et al. 2008)
and C02 starvation (Gerhart and Ward 2010) as well as
inadequate rainfall.

Australia since the Miocene has been undergoing a longterm drying trend, and the climate is likely to become
drier, even without anthropogenic climate change
(Kershaw et al. 2003), although the latter seems likely to
exacerbate it.

2.2.1 Past rainfall
Because rainfall is likely to decline in future, with
important consequences for biodiversity, this section
focuses on past periods of aridity as possible analogues
for the future.
Australia at the beginning of the Cenozoic was warm and
humid and covered mainly in rainforest (Martin 2006).
Aridification began about 15 million year ago in the mid
Miocene (Byrne et al. 2008), and rainfall over most of
Queensland has trended downwards since then as a
consequence of Australia’s slow drift northwards into
the mid-latitude high pressure belt. Rainfall fluctuated
greatly during the Pleistocene, reaching peaks during
interglacials and troughs during glacials, but the long
term trend of declining rainfall led to an exceptionally
dry Last Glacial Maximum (LGM), with rainfall up to
50% lower than today. While the current climate is
considerably wetter than the LGM, it is still drier than the
preceding interglacial (Martin 2006).

The green mallee (Eucalyptus viridis) occurs in widely scattered
populations in southern Queensland on very harsh sites as
far east as Durikai State Forest near Warwick (illustrated). The
mallee growth form – with multiple eucalypt stems rising from
a massive woody lignotuber – provides exceptional drought
resistence, and this mallee was probably common in southern
Queensland during arid glacial maxima. It’s survival in Durakai
may owe to an extremely shallow soil profile that prevents the
seedlings of taller eucalypts – which surround the stand – from
outcompeting the low mallees, which may be reproducing
vegetatively, as mallees often do. DNA dating of another
Queensland mallee (E. curtisii) implies that some stands have
not reproduced by seed for at least 4000 years. Photo: Tim Low

Striking evidence of a recently wetter past is provided by
fossils from the Mt Etna Caves near Rockhampton. They
record a diverse fauna of rainforest mammals – including
cuscuses and tree kangaroos – that survived until at
least 280 000 years ago (Hocknull et al. 2007) in a region
where very little rainforest exists today.

Various fossil pollen sites record an alternation between
cold dry glacials and warm wet interglacials (Martin
2006). But a high resolution speleotherm (stalagmite
and stalactite) record from Naracoorte in South Australia
indicates that rainfall levels rose during stadials (brief
cool periods within interglacials) and cool interstadials
(warm periods within glacial periods) and that interglacial
peaks were ‘comparatively arid’ (Ayliffe et al. 1998).

Vegetation over most of Australia faced greater aridity
during the LGM than it is projected to face from climate
change in coming decades. The evidence for this is
provided by pollen records showing that woodlands over
much of inland Australia were replaced by grasslands and
herbfields (Martin 2006). In the Pilliga Forest of northwest New South Wales, for example, where eucalypts
grow today, trees became scarce and saltbushes and

It is also possible that water availability for plants was
lower after the Last Glacial Maximum than it was at its
peak, because temperatures were higher, increasing
evapotranspiration, as indicated at a site in Victoria
(D’Costa et al. 1989). But low C02 levels would have
worsened water deficits by increasing the ratio of leaf
water lost to C02 gained (Gerhart and Ward 2010),
perhaps resulting in greatest water stress during the
Climate Change and Queensland Biodiversity
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LGM, notwithstanding low evapotranspiration. Lake
levels and river flows were higher at some inland sites
during glacial periods than they were during warmer
periods, presumably because there was less vegetation
to intercept rainfall (Harrison 1993).
There are many distribution patterns in Queensland
that imply cold wet periods in the past. These include
outlying populations of tiger snakes (Notechis scutatus)
and sweet pittosporum (Pittosporum undulatum) in the
Carnarvon Ranges (see section 6.12), and New Guinea
rainforest birds, such as eclectus parrots (Eclectus
roratus), on Cape York Peninsula, that must have crossed
Torres Strait when sea levels were low (implying a cool
global climate) but while rainforest grew on the land
bridge. Rainfall was relatively high, for example, during
the Marine Isotope Stage 3 period of the last glacial,
from 65–45 000 years ago (Reeves et al. 2008). Petherick
et al. (2008) found evidence of a cool humid period
on Stradbroke Island 33 000–31 200 years ago when
the pollen indicates rainforest and aquatic plants, and
another wet period from about 24 500–22 000 years
ago. (High counts of daisy pollen were taken as evidence
that these wet periods were also cool.) Other examples
are given by Bowman (2002). The most recent cool wet
period was the Pleistocene/Holocene transition to the
early Holocene, when temperatures are thought to have
been 2 °C cooler and rainfall 20% higher (Nix 1991;
Hilbert et al. 2007).

2.3

2.4

Cyclones

he frequency of cyclones has apparently declined
since the 1970s, due largely to increasing numbers
of El Niños (Gilmore 2008). Two recent studies
projected no significant change in the number of tropical
cyclones off the east coast of Australia, while a third
projected a 9% decline (summarised in CSIRO and Bureau
of Meteorology 2007). The studies all projected more longlived tropical cyclones, in line with IPCC (2007) projections
of an increase in intense cyclones delivering greater
precipitation. The forecast is thus for fewer cyclones, but
for more cyclones in the most intense categories.

T

Drought

rought occurrence is expected to increase over
most of Australia. Drought frequency is projected
to rise by 20–40% by 2030 (based upon two
climate models) (Mpelasoka et al. 2008). Recent
droughts have been hotter than those in the past. It is
also the case that the highest temperatures tended to
correspond with drought years.

D

2.3.1 Past drought
The Last Glacial Maximum ‘drought’ was far more severe
than any drought expected in the 21st century, but it
was very cold, with temperatures 5–10 °C lower than
today (Byrne et al. 2008). It created a much harsher
environment for vegetation in inland Australia than is
expected from anthropogenic climate change in the 21st
century (see section 2.2), greatly reducing tree cover in
southern Australia (Dodson 2001; Martin 2006), with
severe frosts probably aggravating climatic stress on
plants (Byrne et al. 2008). Future droughts will have
unprecedented high temperatures which will prove
especially stressful for many animals.
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Cyclone Larry (in 2006) stripped foliage from rainforest trees
around Mission Beach, but new leaves soon grew. Photo:
Tim Low

2.4.1 Past cyclones
Palaeorecords of cyclone activity (beach ridges and
stalagmite isotopes) indicate that cyclones usually
occurred with more frequency than they have since
European settlement (Nott 2007). Over the past 5000
years a category 5 cyclone has occurred at any one
location on average every 200–300 years (Nott and
Hayne 2001). This is four times the frequency suggested
by historical records, which led Nott (2007) to conclude
that tropical cyclone activity in north-east Queensland
has been in a ‘phase of quiescence’ since before
European settlement.

2. Climate change past and future

2.5

Fire

limate change is generally expected to increase
fire risk in Australia by increasing warming and
drying (Williams et al. 2001a; Hennessy et al.
2006; Pitman et al. 2007). However, Bradstock (2010)
and Williams et al. (2009) have recently proposed that
fire risk will decline in some habitats because declining
rainfall will reduce production of fuel. But Bradstock
noted that rising CO2 levels, by stimulating growth, may
counteract the declines expected from falling rainfall,
and the ‘prognosis for the future fire regime in Australia is
therefore uncertain.’

C

Bradstock (2010) and Williams et al. (2009) were most
confident that fire risk would increase in dry sclerophyll
and wet sclerophyll forests in south-eastern and southwestern Australia. For temperate dry sclerophyll forests,
Bradstock predicted an increase in area burnt because
of an increase in fire danger (higher temperatures, more
drought). Lower rainfall constraining plant growth may
reduce production of litter, which is the important surface
fuel in sclerophyll forests, but higher CO2 levels will result
in litter with a lower nitrogen content that decomposes
more slowly.
Bradstock (2010) stated that tropical open forests
are close to their upper limit of fire activity because
of anthropogenic ignition. This is true in the Northern
Territory but not necessarily in Queensland (RussellSmith et al. 2003), where vegetation thickening has
become a significant conservation concern. Garnett and
Crowley (2000) list 12 bird species in the Laura Basin
threatened by thickening of broad-leaved paperbarks
(Melaleuca viridiflora) and other small trees, as a
consequence of less intense fires and livestock grazing
reducing grass competition. The most threatened of these
is the endangered golden-shouldered parrot (Psephotus
chrysopterygius) (Crowley and Garnett 1998). The
contrasting status of the northern cypress pine (Callitris
intratropica) – a fire sensitive tree – is another indication
that fire regimes vary greatly. In the Northern Territory
its decline in recent decades is attributed to increasing
fire intensities (Bowman et al. 2001) but on Cape York
Peninsula, for example in the Jardine River catchment, it
is colonising open woodlands (Stanton and Fell (2005),
facilitating expansion of rainforest. A fire map produced
by Niilo Gobius for the Cape York Peninsula Development
Association shows a pronounced fire gradient on the
peninsula, with substantial areas on the western Cape
burning each year, and limited areas on the central Cape
burning each year, while significant areas along the east
coast are ‘never burned’. The assumption that tropical
open forests are close to their upper limit of fire activity is
true for limited areas in Queensland but is not accepted
here as a general premise.
Bradstock (2010) noted that exotic gamba grass
(Andropogon gayanus), a very tall pasture grass, results

in ‘a dramatic elevation of fuel loads and consequent fire
intensity’ when it invades tropical open forests, and that
fire regimes will increase in tropical open forests where it
invades. Williams et al. (2009), like Bradstock, concluded
that climate change impacts on tropical savannas would
be relatively small, and that they would be influenced by
changes in land management and by the spread of exotic
plants and feral animals. In this report it is assumed
that some increase in fire incidence and intensity in the
northern savannas is likely under climate change due to
vegetation thickening on Cape York Peninsula and from
the spread of gamba grass on Cape York Peninsula and in
the Einasleigh Uplands.
For arid woodlands and temperate grassy woodlands,
Bradstock (2010) predicted that a rise in temperature
would increase fire risk, but that less rainfall and elevated
CO2 would decrease grass growth. He concluded that
‘there is potential for area burned to either increase or
decrease due to effects on [biomass production] but the
balance of these effects suggests a decline’. Higher CO2
levels will decrease area burned by benefiting woody
plants at the expense of the grassy understory that
carries fire. Bradstock warned, however, that the fire risk
would increase in inland areas invaded by buffel grass
(Pennisetum ciliaris), because this pasture grass, which
is very drought tolerant, increases fuel connectivity. Buffel
grass is highly invasive in arid woodlands in Queensland
and of major conservation concern (Fairfax and Fensham
2000; Franks 2002; Butler and Fairfax 2003).
For arid grasslands, Bradstock (2010) predicted an
increased fire danger but a decrease in fuel. The outcome
could be larger or smaller fires, with the latter considered
more likely. Buffel grass has the potential to spread into
spinfex areas, increasing fire risk.
The assessments of Williams et al. (2009) and Bradstock
(2010) indicate that fire risk will increase mainly in the
sclerophyll forests of eastern Queensland. Because they
overestimate ignition rates in the tropical savannas of
Queensland, this report operates from the assumption
that fire risk will increase throughout eastern Queensland
from the south of the state to Cape York Peninsula.
Williams et al. (2009) and Bradstock (2010) concluded
that fire risk will increase in semi-arid and arid habitats
invaded by buffel grass, which is accepted here. Fire
risk may increase in many habitats (including in semiarid and arid regions) from CO2 fertilisation or if rainfall
increases, but this is uncertain.

2.5.1 Past fire
Australia has become more flammable over time.
Charcoal deposits found in swamp, lake and marine
sediments show that fire incidence increased during
the Tertiary in response to declining rainfall, increased
climatic variability and the expansion of sclerophyll forest
and heath vegetation that accompanied Australia’s drift
north into the high pressure subtropical belt (Kershaw et
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al. 2002). During the Pleistocene, fire incidence declined
during each ice age, because vegetation became sparser,
reducing fuel connectivity, and because low-flammability
saltbushes (Chenopods) spread over inland areas
(Cupper 2005). Burning increased during early European
settlement before decreasing more recently (Kershaw
et al. 2001). Fire regimes have thus been very unstable,
with major impacts on vegetation over a considerable
period. In many locations along the east coast rainforest
trees have responded to fewer fires by invading adjoining
eucalypt forest.

and predicted much higher sea level rises (Allison et
al. 2009):
By 2100, global sea-level is likely to rise at least twice as
much as projected by Working Group 1 of the IPCC AR4,
for unmitigated emissions it may well exceed 1 meter.
The upper limit has been estimated as ~ 2 meters sealevel rise by 2100. Sea-level will continue to rise for
centuries after global temperature have been stabilised
and several meters of sea level rise must be expected
over the next few centuries.
Higher sea levels are predicted to lead to worsening
inundation from storm surges, with Gilmore (2008) noting:

2.6

Sea level rise

ea levels rose by about 17 cm during the 20th
century. There was an increase in the rate of sea
level rise as the century progressed, to 3 mm
per year after 1993. Sea levels are rising more rapidly
in northern Australia than elsewhere, with the rate of
7.8–8.3 mm per year about four times the global average
(Steffen et al. 2009). Sea levels are projected to rise by
18–59 cm by 2100, possibly with an extra contribution of
10–20 cm from melting ice sheets (CSIRO and Bureau of
Meteorology 2007).

S

These projections are accepted here, but it is noted
that the University of New South Wales Climate Change
Research Centre has updated climate change forecasts

A 2004 study of the east coast of Queensland shows
that a 30 cm sea-level rise, a 10% increase in cyclone
intensity and a 130 km shift southwards in cyclone
tracks could add an average of 0.5 m to the
1-in-100-year storm surge event (Hardy et al., 2004).

2.6.1 Past sea level rise
Many sites around the Australian coastline indicate that
sea levels were more than a metre higher than today only
a few thousand years ago (Baker et al. 2001). Exposed
corals on Magnetic Island suggest a sea level 1.6 m
higher than today about 5800 years ago (Yu and Zhao
2010). Sea levels were also higher than today during
the last interglacial, as indicated by fossil coral reefs in
elevated locations (Pickett et al. 1985).

Paperbarks (Melaleuca species) face a much higher risk from sea level rise than most trees because they often dominate Holocene
plains near the sea. These are weeping paperbarks (M. leucadendra) near Mackay. Photo: Queensland Herbarium
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3. Climatic vulnerabilities
his section assesses the threats to species (and
some opportunities) posed by five aspects of
climate change: higher temperatures, changed
water availability, more intense cyclones, higher fire
risk, and rising CO2 levels. Carbon dioxide impacts on
plants are not a consequence of climate change but an
important parallel process that needs to be considered.

T

Climate change will also affect biodiversity indirectly
by altering biotic interactions and human behaviours,
and these are also considered. These impacts are likely
to be very significant, but they are complex and largely
unpredictable, so are no more than canvassed here in
brief sections.
The impacts of climate change on biodiversity are very
complex, and it has not been possible to consider all
aspects. The focus here is on those aspects predicted to
be of greatest importance, about which some predictions
could be made. An altered incidence of frost could have
many implications for plant survival in Queensland but
was not assessed due to a lack of information.

3.1

T

Higher temperatures
his section focuses on two issues of major
biological significance: high temperature stress
and the impacts of temperature on distribution.

3.1.1 Impacts on plants
It is widely assumed that rising temperatures will harm
many plants, but this conflicts with a large body of
experimental evidence. Extremely high temperatures
cause plant cell death, apparently because protein
denaturation (destruction of their structure) occurs on
a scale that overwhelms the capacity of heat shock
proteins to repair the damage (Berry and Bjorkman 1980;
Knight and Ackerly 2003). The temperatures required to
damage plant tissues are usually between 45 and 55 °C
(Kolb and Robberecht 1996; Cunningham and Read
2006), which are far above those that kill animals and
well above maximum ambient temperatures reached in
Queensland. In experiments on eight Australian rainforest
trees, the temperatures at which leaves suffered 50%
damage ranged from 47.4 to 54.6 °C, with tropical and
subtropical species tolerating higher temperatures
than those from southern Australia (Cunningham
and Read 2006). But sunlit leaves in experiments
can reach temperatures well above those of the air.

Ansari and Loomis (1959) found that thin leaves in
laboratory settings could rapidly heat to 6–10 °C above
air temperature and that thick succulent leaves could
become 20 °C hotter. Mitigating circumstances are that
air movement greatly reduces heating, that leaves can
quickly acclimate to higher temperatures (Nicotra et al.
2008), that many Australian plants have dangling leaves
to reduce mid-day heating, and that canopy leaves
exposed to full sunshine (‘sun leaves’) provide shade
and thus substantial cooling to ‘shade leaves’ lower on
the plant. It is thus unclear how often leaves might reach
damaging temperatures but it would not be common
under the climate scenarios considered in this report,
except in arid environments during drought (Nicotra et
al. 2008), although Australian information about this is
lacking. Doughty and Goulden (2008) reported on several
experiments which found that sunlit tropical rainforest
leaves were ‘several degrees’ above air temperature, from
which they concluded that climate change will reduce
primary production, but death of leaf tissue was not
mentioned as a concern. In Europe and North America,
much of the focus on rising temperatures has been not
on leaf damage but on expected increases in forest
productivity, because cold winters currently limit growth
(see, for example, Saxe et al. 2000).
In growth experiments using seedlings, plants are usually
found to benefit from elevated temperatures (when water
is not limiting). In a review of 27 Northern Hemisphere
studies, two thirds of which recorded increased
photosynthesis under higher temperatures, Saxe et al.
(2001) concluded that ‘warming of up to 2 °C is likely
to be beneficial’. Loehle (1998) and Vetass (2002) also
showed experimentally that warming assisted northern
trees. Loehle found that ‘for many species the best
growth is achieved at the southern range limit or even
south of this’. Mean temperatures today are probably still
below those reached during the mid Holocene and last
interglacial (see section 2.1), especially in the Northern
Hemisphere, so a temperature increase of 2 °C does not
automatically represent a stress.
An increase in overall photosynthetic activity has been
detected in the Northern Hemisphere as a response to
rising temperatures, although Angert et al. (2005) found
that higher productivity in spring has in recent years
been offset by lower productivity in summer, which they
attributed to droughts and possibly fire.
Australian studies also imply that warming benefits
growth. Cunningham and Read (2002) grew eight
Australian rainforest tree seedlings at a variety of
temperatures and recorded maximum growth ‘at
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temperatures (28–30+ °C) higher than the annual
maximum of their warm limit’. The temperatures for
maximum growth of five species (Acmena smithii, Alstonia
scholaris, Castanospermum australe, Heritiera trifoliata,
Sloanea woollsii) were above 30 °C. Cunningham and
Read noted that “most tree species grow best at their
warm limit and are capable of growing beyond this limit
when transplanted”. They concluded that ‘temperate’
rainforest trees are absent from the tropics because they
are outcompeted by tropical species. Their results imply
that ‘temperate’ plants are better adapted for the tropics
than they are for the regions they occupy. Their growth
rates should increase as temperatures rise, provided water
is not limiting.

temperatures of 45 °C for three hours each day. Eucalypts
can often be cultivated in hotter climates than they are
accustomed to. Eucalyptus occidentalis, for example,
which grows south east of Perth, is cultivated in Wadi
Arabia and the Sahara (Zohar et al. 1981).
Groves (1978) found that saw banksia (Banksia serrata),
a temperate species that ranges from Tasmania to Fraser
Island, grew almost twice as tall at 33 °C by day (and
28 °C by night) than at 21 °C. Wallum banksia (B. aemula)
also grew better under the hot regime. Both had freely
available water. Jarrad et al. (2009) subjected wildgrowing subalpine plants in Victoria to slight warming
(0.9 °C by day, 1.0 °C by night, which translated into soilsurface temperature increases of 1.2 °C by day and 1.2 °C
by night), and concluded that:
...responses to climate warming are likely to include
increases in plant growth in a variety of subalpine
species in Australia. This finding corroborates with
findings on many other northern hemisphere coldadapted species; that is, plants show positive growth
responses to warming.
In Tasmania, 2 °C warming increased the flowering rate of
native grasses at a natural site near Hobart (Hovenden et
al. 2007). Other plants neither benefited nor suffered.

The common lillypilly (Acmena smithii) grows best at
temperatures higher than its distribution would suggest.
Experiments show this to be true of many, if not most, plants.
Photo: Tim Low

Ghannoum et al. (2010) found that seedlings of Sydney
blue gum (E. saligna) and red ironbark (E. sideroxylon)
cultivated in western Sydney grew larger when
temperatures were raised 4 °C and water was freely
available. The blue gum seeds came from mountains
east of Armidale from an altitude of 1012 m, where
mean temperatures are several degrees lower than
Sydney’s, resulting in an effective temperature increase
of considerably more than 4 °C. Using the estimates
provided by Dunlop and Brown (2008, page 50),
increasing Sydney temperatures by 4 °C would create a
climate much like that on the Gold Coast, about 660 km
to the north. Sydney blue gums occur in Southeast
Queensland, but only on cool elevated sites. Their
absence from lowland sites with high water availability
may be due to competition from rainforest and other
eucalypts. Ghannoum et al. (2010) noted that these
eucalypts, and a couple of other species tested, have
higher temperature optima than most plants. Ghannoum
(pers. comm.) interpreted this as evidence that eucalypts
are highly adaptable trees.
In another example, Roden and Ball (1996b) successfully
grew the seedlings of two eucalypts (E. macrorhyncha,
E. rossii) from Canberra that they subjected to
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However, there are obvious limits. Most plants from
Victoria and Tasmania cannot be grown in Queensland.
Horticulturist Robert Price (pers. comm.) attributed this to
fungal attack promoted by a hotter, more humid climate
rather than to direct temperature impacts.
Two experimental studies (Paton 1980; Way and Sage
2008b) have shown detrimental impacts of higher
temperatures. Paton recorded deaths of eucalypt
seedlings, and growth abnormalities in some of the
surviving plants, when he subjected Tasmanian species
to very high fixed temperatures (33 °C by day, 28 °C by
night). He nonetheless found that all species, including
alpine cider gum (E. gunnii), grew much faster at 24 °C
by day and 19 °C by night than they did at temperatures
that were 9 °C lower. Cider gums grow mainly where daily
maximum January temperatures remain below 18 °C. Way
and Sage grew black spruce (Picea mariana), a northern
boreal tree that is ‘exceptionally temperature sensitive’,
at 30 °C by day and 24 °C by night, to match high end
IPCC projections, in a region of the world (Canada)
where very large temperature increases are expected.
The adverse impacts they observed – seedlings were
58% smaller in weight and suffered significant mortality
– contrast with the optimistic forecast of higher growth
rates by Rossi et al. (2010), who modelled black spruce
growth rates under a 3 °C temperature rise.
Of the two experiments that recorded detrimental effects,
Paton (1980) applied unrealistic temperature increases,
and Way and Sage (2008b) used higher temperature
increases than those forecast for Australia in the 21st
century. Way and Sage proposed that high temperatures
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inhibited cell division and carbon acquisition in black
spruce. Their stunted plants were more susceptible
to drought because they had shallower roots. They
concluded that, ‘in a warmer world, black spruce will
grow more slowly, be less competitive, and be more
prone to drought-induced damage’. Had Way and
Sage increased CO2 availability to simulate the future
more accurately, their plants might have suffered less
mortality. As noted earlier, drought tolerances often
increase when seedlings are given more CO2, although
responses are not consistent.
The various temperature experiments imply that
plants are not usually at the edge of their temperature
limits and have some capacity to acclimate to higher
temperatures (Berry and Bjorkman 1980; Gunderson
et al. 2010). Antarctic beech (Nothofagus moorei) can
function with at least 80% photosynthetic efficiency
over a 14 °C temperature range (Hill et al. 1988), and
the optimal temperature of photosynthesis in eucalypts
fluctuates with the seasons (Battaglia et al. 1996). The
experiments suggest a future of altered competitive
relationships in which some plants will grow faster
and others more slowly, depending on differences in
temperature optima and water needs. Different responses
to CO2 fertilisation will also influence competitive shifts.
Many rare plants may be disadvantaged, especially in
upland rainforest. The experiments provide reason to
question one assumption inherent in modelling studies:
that any change in mean temperature constitutes an
environmental stress.
Claims are sometimes made that tropical plants, with
their ‘relatively constricted ambient temperature ranges’,
have less capacity to tolerate rising temperatures (Clark
2004), but this conclusion has been strongly contested
(Lloyd and Farquhar 2008). As noted earlier, Cunningham
and Read (2002) found that Australian rainforest tree
seedlings, including tropical species, grow best at
exceptionally high temperatures. Their experiments
implied that the optimal growth temperature for Alstonia
scholaris could be as high as 37.9 °C.
The available evidence implies that plants will not die
directly from rising temperatures projected to occur by
2070. But high temperatures will increase water stress
during drought, resulting in more drought deaths;
competitive relationships will change; and fire risk
will often increase. In habitats where water is limiting
increased water stress could prove very significant, and
in wet habitats, altered competition cause significant
shifts in species composition, especially in habitats
where plants with mainly tropical distributions overlap
with temperate species, as occurs in Southeast
Queensland and the Central Queensland Coast and on
mountain slopes in the Wet Tropics.
In a global overview of drought and heat-induced
tree mortality, Allen et al. (2010) proposed that high
temperatures, operating in the absence of drought, can

cause tree death either by increasing water stress or
by promoting outbreaks of insect pests and pathogens
(Adams et al. 2009; Allen et al. 2010). Insects are
becoming a major problem in Northern Hemisphere
forests, with bark beetles in particular benefiting from
rising temperatures where harsh winters impose severe
limits on insect reproduction (Kamata et al. 2002; Logan
et al. 2003; Parmesan 2006; Carroll 2007). The same
problem has not emerged in Australia. Leaf-eating beetles
are implicated in eucalypt dieback on farmland on the New
England Tablelands of New South Wales, but this problem
is not associated with climate change and appears to be
irrelevant to Queensland (Fensham and Holman 1999).
In their global review of ‘drought and heat-induced tree
mortality’, Allen et al. (2010) found that drought was
implicated in far more tree deaths than high temperatures.
Their examples are summarised in Table 2. High
temperatures were nearly always cited when droughts
also occurred. In the four events when drought was not
obviously implicated, one featured a deep frost after high
temperatures, one ‘possibly’ had a drought, one had
early snowmelt reducing water availability, and the other
involved freezing as well as warming. The findings reflect
the fact that drought has always been a major cause of tree
death, and that no mechanism exists by which current high
temperatures on their own can kill trees.
Table 2. Instances of forest death listed by Allen et al. (2010)
No. of
studies

Drought

High
temps

Both

Africa

10

10

1

1

Asia

14

13

1

0

Australasia

6

6

0

0

Europe

25

24

10

9

North America

27

24

15

13

Central and
South America

6

6

2

2

Continent

The European heatwave of 2003 demonstrated how high
temperatures increase water stress. Assessing its impact
on biosphere carbon flux and water use, Reichstein et
al. (2007) concluded that the biosphere ‘perceived’
the event as a drought rather than a heatwave: ‘the
drop in productivity was not primarily caused by high
temperatures (‘heat stress’) but rather by limitation of
water (drought stress).’
However, one recent experiment provided direct
evidence of high temperatures contributing to tree
deaths. Growing small pinyon pines (Pinus edulis)
under drought conditions at ambient and elevated
(+4.3 °C) temperatures, Adams et al. (2009) found that
heat treatment advanced time of mortality by 28%,
from 25 weeks to 18 weeks. They found no evidence
that water deficits caused death, and concluded that
increased respiration at higher temperatures induced
carbon starvation. By matching the faster death rate
Climate Change and Queensland Biodiversity
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they recorded against the historical record of droughts,
they concluded that a 4.3 °C rise in temperature would
translate into a five-fold increase in pinyon pine mortality
events, because droughts of shorter duration, of which
there are many, would increasingly cause pine deaths.
However, this experiment did not consider the potential
of rising CO2 levels to counteract carbon starvation by
increasing water use efficiency and root depth (see
section 3.6). Roden and Ball (1996a) grew seedlings
of two eucalypt species (Eucalyptus macrorhhyncha,
E. rossii) under elevated temperatures and water
stress and found that elevated CO2 improved growth
under water stress. More recently, Atwell et al. (2007)
grew Queensland blue gum seedlings (E. tereticornis)
under drought conditions and found that ‘elevated CO2
sustained growth in drought and ultimately doubled the
short biomass relative to ambient conditions’. Had Allen
et al. (2009) increased CO2 levels, their water-stressed
pines would probably have survived longer, although
increased CO2 levels in experiments do not always reduce
drought stress.
It is accepted here that higher temperatures will increase
evapotranspiration, and that rising CO2 levels will not
compensate plants for the large water losses associated
with increased evapotranspiration plus reduced
rainfall. Higher temperatures will thus contribute to
drought deaths.
Seedlings typically have a narrower climatic niche
than adult trees, exhibiting less tolerance of extreme
temperatures (Jackson et al. 2009). And when they grow
close to bare soil exposed to summer sun seedlings
and herbs experience much higher temperatures than
trees temperatures (Kappen 1981). An air temperature of
35 °C can theoretically produce twice that temperature at
ground level (Kolb and Robberecht 1996; Withers et al.
2004), sufficiently high to cause protein denaturation.
Rising temperatures could thus increase seedling
mortality, which could become an important determinant
of forest composition (Roden and Ball 1996a).
The capacity of Australian seedlings and herbs to
survive extreme temperatures has not been well studied.
In Idaho, Kolb and Robberbrecht (1996) found that
ponderosa pine (Pinus ponderosa) seedlings could
survive on harsh sites with temperatures exceeding
75 °C, apparently by having deep roots to access water.
Bowman (2000) reported a maximum summer ground
temperature in tropical woodland in the Northern
Territory of only 43.2 °C, a temperature that eucalypt
seedlings (E. macrorhyncha, E. rossii) from Canberra
readily survived (Roden and Ball 1996b). Much higher
temperatures are likely in south-western Queensland. In
the woodlands around Townsville, Clarkson’s bloodwood
(Corymbia clarksoniana) was found to produce seedlings
only in a year of high rainfall (Williams 2009), and in
inland Queensland most woody plants probably recruit
only in La Niña years, when heatwaves are less likely.
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Heat is most likely to kill seedlings when El Niño years
with heat waves immediately follow recruitment events,
before seedlings have reached a large size. The La Niña
years when recruitment typically occurs are likely to
have cloud and rain moderating summer temperatures.
Eucalypt germination often occurs after fires, when bare
mineral soil is exposed to the sun. But shade is always
present in eucalypt forests and the seedlings of some
species are more shade tolerant than adults (Bowman
2000). The temperature tolerances of seedling trees,
shrubs and herbs in Queensland probably vary widely,
and so too the capacity to grow in sunshine or shade,
in summer or winter. Elevated CO2 increases light use
efficiency, allowing plants to grow more efficiently in
shade (Körner 2009). It seems plausible that increasing
heatwaves and higher mean temperatures will exert
significant influences on plant success via seedling
mortality, and this could occur in combination with
eucalypt deaths during drought, speeding up shifts in
tree composition and a shift to more open woodland.
In summary, higher temperatures will not kill trees and
shrubs directly, but they could kill seedlings and herbs,
leading to unpredictable shifts in vegetation composition
in some habitats. Higher temperatures will increase
drought deaths, alter competitive relationships, and
increase the risk of fire in some habitats (an outcome
considered in section 3.5). Many plants will grow faster as
temperatures rise, but only if they are not water limited.

3.1.2 Impacts on animals
Much more is known about the impacts of extreme
temperatures on animals than on plants. As endotherms,
mammals and birds have regular body temperatures that
cannot be safely exceeded. Reptiles, amphibians and
fish (ectotherms) have relatively consistent maximum
temperatures above which they die after a certain time
exposure. Critical thermal maxima, (defined as the
upper limit at which an animal can right itself, or as
the temperature at which an animal cannot escape the
conditions that will kill it), have been determined for
large numbers of Australian reptiles and frogs (Licht et
al. 1966; Brattstrom 1971; Johnson 1971; Spellerberg
1972; Bennett and John-Alder 1986). Reptiles have also
been introduced to thermal gradients to determine
their preferred temperatures (Heatwole 1976; Lillywhite
1980), although questions have been raised about the
conclusions that can be drawn from these particular
studies (Heatwole 1976). These experiments show that
some species have wider tolerances than might be
expected from the environments they inhabit, although
some rainforest reptiles have noticeably low critical
temperatures (seeTable 3).
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Table 3. Reptiles and amphibians exhibiting unusually high or low thermal maxima

A

Species

Habitat

Maximum temperature (°C)
(CTM: critical thermal maxima)

Wallum rocketfrog (Litoria freycineti)

wallum heathland

CTM = 37.5–39.1A

Cascade treefrog (Litoria pearsoniana)

rainforest

CTM = 32–34.4A

Great barred-frog (Mixophyes fasciolatus)

mainly rainforest

CTM = 29.3–34.0A

Land mullet (Egernia major)

rainforest

preferred body temperature = 28–35B

Alpine water skink (Eulamprus kosciuskoi)

upland wetland
margins

preferred body temperature = 27.2–32.1, CTM =
40.2C

Death adder (Acanthophis antarcticus)

various

maximum preferred temperature = 38.5D

Southern angle-headed dragon (Hypsilurus spinipes)

rainforest

temperatures >16 avoidedE

Prickly rainforest skink (Gnypetoscincus queenslandiae)

rainforest

CTM = 36.5F

Johnson (1971); B Klingenbock et al. (2000); C Bennett and John-Alder (1986); D Lillywhite (1980); E Rummery et al. (1995); F Brattistrom (1971)

A small skink, Calyptotis thorntonensis, confined to
Thornton Peak in the Wet Tropics, is said to be so
sensitive to heat that even limited handling can be
lethal (Wilson 2005). And Zweifel (1985) found strong
evidence that the tangerine nursery-frog (Cophixalis
neglectus) requires low temperatures, after transporting
live specimens from the summit of Mt Bellenden Ker to
the base:
‘Our experience in attempting to transport living
neglectus suggests an intolerance for warmth. Upon
reaching the base of the mountain, we divided our
specimens (held in plastic bags) between two foam
plastic boxes, for one of which we had a small amount
of ice. Within little more than an hour-the time it took
in late morning to drive through the coastal lowlands
to Cairns–all neglectus in the uniced container had
died, and the other neglectus died within a few hours.
In contrast, the single specimens of Cophixalus
ornatus and Sphenophryne robusta collected and
transported with neglectus survived.’

Cape York Peninsula, can avoid high temperatures and
low humidity by retreating further beneath rocks. Shoo
et al. (2010) found that boulderfields on Thorton Peak
provide temperatures up to 10 °C lower than those outside.
The skink Calyptotis thorntonensis shelters under rocks,
and although it is extremely sensitive to heat it is not
necessarily threatened by the temperature increases
projected by 2070. Reptiles, amphibians and soil
invertebrates often have access to wide gradients of soil
moisture and temperature.

The two frog species that survived occupy a wide
altitudinal range.
Reptile experts interviewed for this report were strongly of
the view that most Queensland reptile species will survive
higher temperatures by adjusting behaviour (shuttling),
remaining deep inside refuges when temperatures rise
too high. Morning activity periods will begin and end
earlier in the day, and afternoon activity periods will
occur later in the day. Activity may be reduced during
summer, with compensatory increases during spring
and autumn. Inactive reptiles and frogs can survive
weeks and sometimes months without food, although
hot droughts reduce this capacity. The many species
with small distributions centred on specific substrates
(granite outcrops, sandstone ranges, sand sheets) imply
that climatic buffering in such habitats has ensured their
survival through past arid periods (Couper and Hoskin
2008). For example, two lizards (Liburnascincus scirtetis,
Nactus galgajuga) and a frog (Cophixalis saxatilis)
confined to Black Mountain, a jumble of boulders on

The Central netted dragon (Ctenophorus nuchalis) may have
no future in the Simpson Desert under rising temperatures,
even though it has some of the highest temperature tolerances
recorded for any lizard. Photo: Terry Reis

But in the Simpson Desert, and more widely in the
Channel Country of south western Queensland, rising
temperatures could threaten reptile survival. Heatwole
studied the summer temperature tolerances of the
central netted dragon (Ctenophorus nuchalis) and
concluded (Heatwole 1976) that the Simpson Desert
constituted marginal habitat with an environment that
‘closely approaches levels intolerable to the species’.
The Minimum Thermal Safety Margin for this species in
this desert was only 2.5–3.3 °C, a figure obtained on the
western side of the desert, which is cooler and better
vegetated than the eastern side in Queensland (Heatwole
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1970). The average annual temperature in the Channel
Country increased over the past decade by up to 0.7 °C,
and temperatures are projected to increase 3.6 °C by
2070, with an increase of 5.2 °C considered possible.
These figures imply that this lizard will fail to survive in
the Simpson Desert. Chris Dickman (pers. comm.) has
dug these dragons from burrows about 0.5 m deep, at
which depth the burrow temperatures were a safe 30–
33 °C, even when surface sand temperatures were 65 °C
or more. Warburg (cited in Tyler 1976) found that when
air temperatures in Alice Springs reached 38 °C, it was
35 °C in the shade, 33 °C beneath a rock, 32 °C in a rock
crevice and 29 °C in a burrow. Dickman believes (pers.
comm.) that Simpson Desert dragons will not be killed
directly by higher temperatures, but that their foraging
may be so curtailed they will not find enough to eat. This
dragon has some of the highest temperature tolerances
ever recorded for a lizard (Heatwole 1970), suggesting
that other Simpson Desert lizards, which probably have
lower thresholds, would face the same problems, except
for nocturnal geckoes and skinks. Heatwole (1976)
suggested from the limited studies available that arid
zone reptiles have lower Minimum Safety Margins than
reptiles in less extreme habitats.
Chris Dickman (pers. comm.) has found that in the
Channel Country, snakes, goannas and other lizards
become emaciated when heatwaves follow dry spells, a
situation considered further in section 2.3. In laboratory
studies, lizards that have lost weight die at lower
temperatures (Heatwole 1970). Temperature increases
may also alter competitive relationships between
species, leading to range contractions, especially within
large genera where competition appears to influence
distributions (for example Ctenotus, Lerista), but also in
smaller genera where geographic replacement of similar
species occurs.
Little is known about the temperature tolerances
of Australian endotherms. Echidnas (Tachyglossus
aculeatus) live in arid regions yet have difficulty
thermoregulating above 35 °C. They have died in
laboratories when temperatures reached 38–40 °C, but
survive similar temperatures in western Queensland by
sheltering in logs, evidently by losing heat to the surfaces
they lie on (Brice et al. 2002). This example shows the
danger of extrapolating from laboratory tests.
The green ringtail possum (Pseudochirops archeri)
apparently becomes overheated in the laboratory when
temperatures rise above 30 °C, which is suggested to be
its lethal limit (Williams et al. 2003), although it can be
found as low as 290 m altitude (Nix and Switzer 1991)
and sleeps by day in the open (Van Dyck and Strahan
2008), sometimes during summer in dappled light (Terry
Reis pers. comm.), suggesting its real tolerances may be
higher. Anecdotal evidence of mammal deaths during
heatwaves suggests that some Wet Tropics mammals
may be susceptible to heat stress (Williams et al. 2003),
with declines in lemuroid ringtails (Hemibelideus
20
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lemuroides) attributed to temperature extremes
(Australian National University 2009), although this has
not been well documented.

Our understanding of the vulnerability of green ringtail possums
(Pseudochirops archeri) to climate change would benefit from
more research. Photo: Brett Taylor

As for birds, the upper critical temperatures of the zebra
finch (Taeniopygia guttata) and budgerigar (Melopsittacus
undulatus) are 40–42 °C and 41 °C respectively, while
that of the Gouldian finch (Erythrura gouldiae) is only
38.4 °C (Burton and Weathers 2003), although this figure
was determined from captive-bred Californian birds.
Temperature data of this kind is very rare.
High temperatures occasionally cause deaths of animals
in inland Australia. By far the worst recorded event was
in 1932 (McKechnie and Wolf 2010) when vast numbers
of birds died in central Australia, in a zone that extended
eastwards into central Queensland (Anonymous 1932;
Robertson 1932). The early date of this event does not
suggest any anthropogenic influence. Although some
observers mentioned dryness, and 1932 was a drought
year in the region, the evidence suggests that most
deaths were from heat stress. Rainfall had been close to
average the two previous years, but temperatures were
extreme: 116–126 °F (46.6–52 °C) for 16 consecutive
days and 99°F (37 °C) for 50 days at Tarcoola, according
to various reports in the South Australian Ornithologist
magazine (Anonymous 1932 and page 228). At a train
station one eyewitness reported that more than a
thousand birds, mainly budgerigars and zebra finches,
massed beneath railway carriages and on the floor of a
shed, in varying stages of incapacitation. ‘The condition
of the birds was undoubtedly a true temperature effect,’
he wrote, ‘and not due to thirst, as the railway people had
put out several pans of water, and only a small proportion
were attempting to drink.’ McGilp (1932) found thousands
of birds dead in dams, which he attributed to them
being ‘so stupefied by the heat that they simply dashed
straight into the waters, became wet, and were unable
to rise again’. The dead seen by McGilp included several
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birds of prey – little eagles (Hieraaetus morphnoides),
whistling kites (Haliastur sphenurus), brown falcons
(Falco berigora), brown goshawks (Accipiter fasciatus),
nankeen kestrels (F. cenchroides) – that would not have
been suffering from lack of food or water. Other birds that
died included galahs, bush-curlews, tawny frogmouths
and chats. Animals other than birds probably died but
none were mentioned in these ornithological articles. The
reports do not mention many small insectivorous birds
dying, nor many honeyeaters, but this might only reflect
the interests of the observers. The bird species killed by
the event have retained a presence in the region.
Schleucher (1993) proposed that brown falcons and
collared sparrowhawks in the Hammersley Range of
Western Australia escaped daily temperatures of close to
40 °C by flying to high altitudes; temperatures reportedly
fall 0.65 °C with each 100 m altitude. Even if this
strategy was employed, it apparently did not save brown
goshawks during the 1932 heatwave.
In recent years biologist Chris Dickman (pers. comm.) has
recorded deaths of kangaroos and birds in the Simpson
Desert, the hottest region of Queensland, when heat
waves followed dry spells. Late in 2009 he recorded
Australian ravens (Corvus coronoides), zebra finches and
crested pigeons dying while sheltering in deep shade, at
Ethabuka, Cravens Peak Reserve and Carlo Station. He
found red kangaroos (Macropus rufus) ‘piled up similarly’
in shaded locations. He also recorded budgerigars dying
during a hot spell late in 1997. Nella Lithgow (pers.
comm.), a manager at Craven’s Peak, recorded deaths
of finches, budgerigars, 15 rainbow bee-eaters (Merops
ornatus), magpies (Cracticus tibicen), a barn owl (Tyto
javanica) and six red kangaroos. Nella is confident the
animals died from heat stress rather than thirst because
they were not saved by the water she provided. Maximum
temperatures stayed in the mid-40s for about two weeks
and remained high (about 35 °C at night).
During January 2009 thousands of birds, mainly young
budgerigars and zebra finches, died during a heatwave in
the Carnarvon area of Western Australia, according to a
report posted online on PerthNow on 13 January.
The 1932 example shows that deaths from heatwaves can
be a natural event. But with temperatures having risen by
0.7 °C in far western Queensland over the past decade
and projected to rise another 3.5 °C or more by 2070,
heat deaths could exact a high toll on bird populations
over wide areas. Kangaroos and other large mammals
would also be very vulnerable, and as noted earlier,
some reptiles could also be susceptible, and also frogs
and invertebrates.
Heatwaves could prove especially harmful where trees die
from drought over large areas (see section 2.3), reducing
shade. During the Federation Drought ‘thousands of
square miles’ in inland Queensland were apparently
‘denuded of scrub’ (Fensham and Holman 1999). Under

a scenario of unprecedented heatwaves and vast dead
woodlands the loss of wildlife would be catastrophic.
Human-induced climate change has been blamed for
the deaths of more than 3600 flying foxes, mainly black
flying foxes (Pteropus alecto), and mainly females and
dependant young (Welbergen et al. 2008). Temperatures
on 12 January 2002 reached maxima that ranged from
41.7 to 43.4 °C at nine colonies in northern New South
Wales at which deaths were recorded. Mass deaths have
occurred in other years at Ipswich and Townsville. A
flying fox die-off event in Sydney was recorded by Watkin
Tench in 1793 (Welbergen et al. 2008), showing this to
be a natural occurrence, but a higher incidence of such
events, with greater mortality rates, can be expected
in future. Flying fox colony sites have changed over the
years, with many now in lowland urban areas (Low 2002),
which experience higher temperatures than the rainforest
gullies often used in the past.
Flying foxes fan themselves when they are hot, seek
shade, pant, and spread saliva (Welbergen et al. 2008).
Koalas also pant when temperatures rise. They can
survive in arid areas where temperatures rise above
40 °C, but do not occur in coastal Queensland north
of latitude 18°S. Clifton et al. (2007) attributed this to
high night temperatures and humidities reducing the
effectiveness of panting.
*Birds and mammals have relatively consistent internal
temperatures, irrespective of which habitats they occupy
(Withers et al. 2004). This might imply that desert
animals will prove more susceptible to overheating than
animals in other habitats, because they live closer to
their thermal limits, as appears to be the case for desert
reptiles (Heatwole 1970). But some desert mammals
have better strategies than rainforest animals for dealing
with excess heat, such as sheltering deep in burrows.
The animals most vulnerable to rising temperatures
may come from two contrasting habitats: arid regions
where animals live close to their limits, and large
stable rainforest refugia where animals have a limited
physiological or behavioural capacity to cool themselves.
But the flying fox deaths do not match either situation
and suggest that unpredictable heat deaths will occur.
This report does not fully address the consequences of
climate change for invertebrates, but Queensland has
many species confined to upland rainforest that appear
to be susceptible to rising temperatures and which are
considered in the bioregional assessments (see sections
6.8 and 6.13). They include insects, snails and spiders.
Low (2007a) drew attention to one Brisbane species:
‘The Mount Glorious spiny crayfish (Euastacus
setosus) is one local species at very high risk from
global warming. It is confined to streams on peaks
around Mt Glorious above 500 metres altitude (Ryan
1995). It does not occur even in rainforest streams
around Mt Nebo where the habitat appears the same.
Its absence from lower altitudes strongly suggests a
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temperature limitation, because its larvae must often
be transported down valleys by stream flow.’
A similar conclusion applies to many Euastacus species
in Queensland (Coughran and Furse 2010).

Montane invertebrates may be the group of species at most risk
from rising temperatures. The Mount Glorious spiny crayfish
(Euastacus setosus) is one of many crayfish confined to the
highest stretches of streams in eastern Queensland. Photo: Jeff
Wright, Queensland Museum

3.1.3 Temperature and distribution
Rising temperatures will facilitate the movement of
temperature-limited species across the landscape. Birds
and large mammals (including exotic mammals) are
generally very mobile and have the capacity to respond
to rising temperatures, but it is unclear if any species
are currently limited by low temperatures. Habitat limits,
food availability or competition could explain why many
vertebrates are confined to tropical Queensland, and
rainfall seems more likely to determine these constraints
than temperature. Migratory tropical birds sometimes
wander well south of their usual ranges during summer,
with records of the metallic starling (Aplornis metallica)
and buff-breasted paradise-kingfisher (Tanysiptera sylvia)
in South-east Queensland (Roberts 1979) and a pied
imperial-pigeon (Ducula bicolor) in northern New South
Wales (Frith 1982) suggesting that food or habitat rather
than climate currently limits their summer distributions.
The southward spread of black and grey-headed flying
foxes (Pteropus alecto, P. poliocephalus) is sometimes
attributed to climate change but the enormous range
expansions since the 1930s correlate better with
increased availability of winter foods (Low 2002). Many
insects and other invertebrates may be limited by low
temperatures and some southward spread appears to be
occurring, with several insects and a spider colonising
Brisbane in recent years (Geoff Monteith pers. comm.),
sometimes benefiting from human transportation.
Plants vary in their capacity to respond to rising
temperatures, which by increasing growth rates (and
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thus competiveness) of some species will stimulate their
southward or upslope spread. However, many plants
in sclerophyll communities (eucalypts, pea bushes,
most wattles) lack effective dispersal mechanisms,
and are unlikely to be able to track a rapidly changing
climate across fragmented landscapes, unless their
seeds are moved by cyclones, floods, people or animals.
Eucalypt germination is typically stimulated by fires,
at least in temperate Australia (Williams 2009), and
only a few riparian species such as the river red gum
(E. camaldulensis) are known to respond to floods,
but floods will probably play a role in spreading some
woodland plants southwards and towards the coast.
Some sclerophyll plants are bird-dispersed (most
Ericaceae, some wattles, some Terminalia species) and
groundcover plants are often wind-dispersed (grasses,
daisies, saltbushes), and these species have better
prospects of expanding in range. The seeds of some
herbaceous plants and low shrubs may be transported
by macropods that ingest them when they graze and
browse foliage, as deer are known to do in the Northern
Hemisphere. Most rainforest plants are bird-dispersed
and seeds can be carried large distances, but rainforest
habitats are greatly diminished in all bioregions, reducing
the likelihood of seeds reaching suitable areas. A more
likely outcome is that plants of lowland rainforest will
colonise higher altitudes where rainforest extends up
slopes, as it does in the Wet Tropics, Central Queensland
Coast and South-east Queensland. This could be a
very slow process in intact forest, with upland trees
remaining dominant in the canopy for hundreds of years
and continuing to dominate the seed rain, except where
cyclones or other disturbances remove the canopy.
Eucalypts and other open forest species can also be
expected to migrate up slope, but far more slowly, given
the lack of effective seed dispersal.
Mangrove, saltmarsh and beach plants typically have
sea-dispersed seeds (or seed-like structures), and
species limited by low temperatures should spread south
very promptly in response to rising temperatures, at least
in small numbers, although successful establishment
may depend on extreme weather events to create
vacancies. Minimum winter temperatures appear to be
the main determinant of the southern limits of mangrove
trees (Smith and Duke 1987). Wetland plants are typically
bird-dispersed but their temperature preferences are
so wide (Santamaria 2002) that they are more likely to
respond to changing water availability than temperature.
These predictions apply only to common species; rare
plants have little capacity to relocate in response to
climate change (discussed in section 5).
Higher temperatures will alter abundances of invasive
species. This is discussed in section 3.8.
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3.2

Changed water
availability

levels of uncertainty about this aspect of climate change,
and it is very possible that drought frequency and
amplitude will increase (or decrease).

W

Rainfall is expected to become more variable, with longer
dry spells interrupted by heavier rainfall events (CSIRO
and Bureau of Meteorology 2007). More variation within
seasons may occur (Stokes et al. 2008b), resulting in
more within-year droughts.

Rainfall projections for Queensland are very uncertain.
Some climate models project an increase but declines
are considered more likely. Most of this section focuses
on a scenario of lower rainfall but a high rainfall future is
also considered.

The length of the dry season is an important constraint on
plant and animal survival in some regions. For example,
Clayton-Greene (1981, cited in Cupper 2005) found that
frequent seasonal drought events of 6–7 months duration
limit cypress (Callitris) distribution in semi-arid and arid
Australia. Franklin et al. (2005) found a strong correlation
between grazing and declines in seed-eating birds in
northern Australia but concluded that declines were
worse in areas with high rainfall variability.

ater availability appears to be more critical for
Queensland biodiversity than temperature,
with water limiting productivity in most
habitats, and droughts often causing plant deaths.
Any changes in rainfall can be expected to have strong
impacts on biodiversity, although most plants should
gain some compensation from rising CO2 reducing their
water losses.

Rainfall declines are predicted across all seasons in each
bioregion, but climate models indicate that the biggest
proportional declines will occur during spring, the driest
season in much of Queensland (the proportional declines
are largest because of this). In the Wet Tropics, for
example, annual rainfall is projected to decline by only
3% but spring rainfall by 16%. In the Channel Country the
figures are 10% and 21% respectively.
Rising CO2 should buffer plants to some extent from
increased rainfall variability, as explained by Stokes
et al. (2008a): ‘higher levels of CO2 delay soil moisture
depletion following rainfall events (Gifford et al. 1996)
thereby increasing the availability of moisture deeper
in the soil profile.’ Rising CO2 levels are unlikely to
compensate for large declines in rainfall, especially
if plants respond to CO2 fertilisation by increasing
growth, but more CO2 may compensate most plants for
the modest declines in rainfall projected for northern
bioregions, and possibly also for the larger declines
expected along the east coast, although this is less
likely. Higher water use efficiency due to CO2 fertilisation
will not mitigate the impact of droughts on plants, but it
will limit the exacerbation of droughts by anthropogenic
climate change. CO2 impacts are considered further in
section 3.6.
Drought is the manifestation of reduced rainfall with the
greatest impact on biodiversity, and the main focus of
this section. Declining orographic cloud and diminished
wetlands are also considered.
This report does not consider the prospect of an
increasing frequency of El Niño driven droughts. Although
it is widely believed that El Niño droughts will increase
in future, climate models do not consistently predict
any increase (Vecchi and Wittenberg 2010). Nor are the
models consistent in predicting a rise in the amplitude
or frequency of droughts for other reasons, above that
to be expected when projected changes in rainfall and
evapotranspiration are considered. But there are high

Many plants in the arid zone (including woody weeds)
depend upon two or three successive years of aboveaverage rainfall to facilitate germination and subsequent
seedling survival. Increased rainfall variability can be
expected to affect germination rates, but in ways that are
difficult to predict. Heavy rainfall events may increase
even if rainfall declines. The interplay of declining rainfall,
increased rainfall variability, increased incidence of
heavy rainfall events, and rising CO2 levels could either
increase or decrease establishment opportunities.
Rainfall events of greater intensity will increase soil
erosion (McKeon et al. 2009), with many potential
impacts including loss of soil nutrients, increased weed
invasion, and silting of wetlands.

3.2.1 Impacts of drought on plants
Plants often die from lack of water (McDowell et al.
2008), and drought, which is often accompanied by high
temperatures, is the main constraint on plant survival
(Chaves et al. 2003). Most Queensland environments
are water limited, with rainfall having declined steadily
since the Miocene. It is concluded here that any further
decline in water availability will have major impacts
on Queensland plants. As noted previously, the global
review of ‘drought and heat-induced tree mortality’ by
Allen et al. (2010) found that drought, but not heat, was
implicated in most deaths.
Hydraulic failure leading to cavitation (air forming in
xylem vessels) is a major cause of death during drought
(Fensham and Fairfax 2007). When soil water falls below
critical thresholds, plants are unable to maintain a flow of
sap and cavitation occurs.
Carbon starvation is also believed to cause plant deaths
during droughts (McDowell et al. 2008; Adams et al.
2009). Carbon supplies are depleted when plants close
their stomata or shed their leaves to reduce water loss,
and stop photosynthesising. Trees in such situations die
either from direct carbon starvation or from an inability
Climate Change and Queensland Biodiversity
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to fend off insect or pathogen attack using carbon-based
compounds.
Some plants are isohydric, exercising tight stomatal
control over water losses, and reducing photosynthesis
when soil water becomes scarce (Maseda and Fernandez
2006). Anisohydric plants, on the other hand, are
relatively insensitive to changes in water supply and
tolerate large fluctuations in leaf water potential.
A majority of trees are thought to be isohydric (Franks
et al. 2007), but eucalypts tend to be anisohydric,
absorbing large quantities of water from the ground even
when the soil becomes dry, hence their reputation abroad
as water-depleting trees, and their vulnerability during
droughts. It has been proposed that hydraulic failure
and carbon starvation are the main causes of death of
anisohydric species and isohydric species respectively
(McDowell et al. 2008).
High resistance to drought comes at a cost to
photosynthetic efficiency. Plants that invest in dense
wood and a high root-leaf ratio grow more slowly than
plants without these features. The corollary is that plants
adapted to grow competitively face the greatest risks
during drought. Studies in inland Queensland show that
coexisting trees vary in their drought-hardiness. Fensham
and Fairfax (2004) noted that ‘the generous allocation of
biomass to the root systems of the Bloodwoods confers a
competitive disadvantage with the Boxes and Ironbarks
during times of relative abundance of soil moisture but
allows for survival during dry times.’
During a period of climatic stability, eucalypts that
grow fastest and thus more competitively will achieve
dominance. But should the incidence or severity of
droughts increase, those species that invest more
in drought resistance will be favoured, and a shift in
eucalypt composition becomes likely. This is considered
further in section 4.1, and in the bioregional summaries in
section 6.
One example of a drought changing tree species
composition over a short timeframe occurred at Snug
Plains in Tasmania in 1982–3. Differential drought-induced
tree deaths transformed a mixed community of three
eucalypts to one dominated by E. pulchella, the most
drought-hardy species present (Reid and Potts 1999).
E. pulchella typically dominates dry ridgetops in Tasmania.
Harris and Lamb (2008) suggested that the Great Drought
of 1898–1902 altered the distribution of white cypress
(Callitris glaucophylla) in Queensland, particularly at
its western extent, by eliminating it from several areas.
They found several historical descriptions of it dying
over vast areas but did not present direct evidence of
distribution change.
Recent deaths of cider gums (E. gunnii) in Tasmania
have been attributed by Calder and Kirkpatrick (1999)
to climate change operating via extreme drought, but
they found a stronger correlation between tree death
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and heavy stock grazing than between dieback and
climate, leading them to conclude that reduced grazing
pressure would ameliorate the impact of increasing water
stress. This finding could be very relevant to some areas
of Queensland, but Fensham (1998) and Fensham and
Holman (1999) found no relationship between grazing
and tree death during drought at various sites in inland
north Queensland, although a relationship between
grazing and drought death has been found for mulga
(Anderson and Hodgkinson 1997).
Drought deaths tend to occur more widely in locations
where water is most limiting, such as dune crests,
ridgetops, and slopes facing the sun (McDowell et al.
2008). The only examples of rainforest deaths during
drought noted by this study were where shallow soils
overlie rock.
Drought deaths are also more prevalent where trees are
crowded. Fensham and Holman (1999) and Fensham
and Fairfax (2007), studying drought dieback in different
regions of inland north and central Queensland, both
found that dieback was patchy and correlated with
tree density, leading them to suggest that trees in high
densities reduce soil water below survival levels. This
is consistent with evidence from the Great Drought
when white pine (C. glaucophylla) saplings and larger
pines died in thousands ‘wherever they were thickly
surrounded by their fellows’ (Fensham and Holman
1999). Where fire is excluded, some Callitris species
form thick stands in which there is strong competition
for water and nutrients and growth largely stops in a
period known as ‘lock up’ (Thompson and Eldridge 2005).
C. endlicheri and C. glaucophylla are particularly prone
to ‘lock up’, and dense growth of woody plants is also a
common phenomenon in the Mulga bioregion. In such
situations the canopy can be so dense that understorey
plants cannot grow. Where thickening occurs beneath
eucalypts it presumably increases their water stress
during drought, with the surface roots of young Callitris
capable of intercepting surface water after light falls of
rain. Thickening could thus exacerbate the impacts of
climate change on eucalypts and other vulnerable trees.
By killing native vegetation, droughts provide
opportunities for weeds (Low 2008). As Trounce and
Dellow (2007) explained:
‘Because of their greater competitiveness, weed
species readily invade bare areas of ground which
have been denuded of vegetation. Drought, fire and
even floods can create these conditions as they
devastate existing ground cover, thereby removing all
competition for light, nutrients, moisture and space.
The devastation allows quick weed establishment
when more favourable conditions arrive.’
The weed lippia (Phyla canescens) is spreading down
inland catchments when droughts alternate with
floods. It benefits when droughts (and grazing) remove
floodplain vegetation, and when floods disperse its
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seeds and rhizomes (Stokes et al. 2007). Fensham (1998)
identified it as a serious threat to flood-prone grasslands
on the Darling Downs.
Droughts can also worsen weed problems when weed
seeds are transported in drought fodder (Thomas et al.
1984; Davidson 1985) and with agisted livestock. Both
problems often occur.

Reduced rainfall is also likely to increase weed problems
as gardeners switch to drought-hardier plants, some of
which are likely to be weeds (CRC for Weed Management
2007; Low 2008). Most weeds of natural environments
are escaped garden plants (Groves 1998; Low 1999;
Groves et al. 2005). Climate change could also drive the
development and introduction of new drought-tolerant
pasture grasses with invasive attributes.

Gidgee (Acacia cambagei) died in parts of the Mitchell Grass Downs in 2005 (see section 6.5). Gidgee also died in western
Queensland during the Federation Drought (1898–1903) and again in 1928. Photo: Queensland Herbarium

3.2.2 Impacts of drought on animals
Animal declines during previous droughts give some
indication of what could occur in future.
The loss of bird-life from Queensland during the
Federation Drought was much written about in Emu, the
journal of the Royal Australasian Bird’s Union. The most
detailed account came from naturalist H.G. Barnard,
living near Duaringa in eastern central Queensland
(Barnard 1927). Birds found dead around his farm
included magpies, kookaburras, noisy miners and emus.
His assessment was grim:
These years almost wiped the birds out of Central
Queensland. Emus, Scrub-Turkeys, Pelicans, Bitterns,
Kingfishers, magpies, Coucals, Honeyeaters et cetera,
either disappeared altogether or were represented by
only a few survivors, and it was not till many years later
that some of these birds began to appear again. Even
now (1927) they are not in anything like the numbers they
were before 1901 and 1902. This is to be accounted for
a good deal from the fact that since 1902 we have had
further severe droughts.

Two years earlier he had made this comment about a
previous drought (Barnard 1925):
A very severe drought occurred in 1902, and certain
species of birds disappeared altogether at that time.
Some of these have reappeared and have almost or quite
reached their former numbers. In that year also several
species of western birds, including the Ground Cuckooshrike, Yellow-throated Miner, [cockatiel and budgerigar],
appeared for the first time. Some of these have been
since, but others have not returned.
The now-extinct paradise parrot (Psephotus
pulcherrimus) is one bird Barnard never saw again. He
blamed the drought combined with overgrazing resulting
in a complete loss of grass seed. Many reasons have
been advanced for the extinction of this bird (Olsen
2007), but most experts highlight the Federation drought
as a major contributing factor, although parrots in
some parts of their range survived this event, perhaps
because grazing pressure was lower. Burbidge and
Fuller (2007) found that rufous-crowned emu-wrens
(Stipiturus ruficeps) disappeared from their study sites
in the Gibson Desert in Western Australia during drought
Climate Change and Queensland Biodiversity
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in 1991 and did not return after heavy rain in 1992,
although reinvasion from adjoining areas was thought
likely. Watson (2011), reviewing various losses of birds
from southern woodland remnants, found that local
extinctions were timed to serious droughts.
Brushtail possums have disappeared from most of
arid Australia, which Kerle et al. (1992) attributed to a
combination of drought and introduced mammals (camels,
rabbits, foxes, cats, cattle). Koalas were lost from the
Thargomindah area during ‘extremely low’ rainfall years in
the 1920s and 1930s, at which time rabbit and livestock
numbers were high and koalas were hunted for their pelts
(Sullivan et al. 2003). Koalas declined after a heatwave
and drought in the Mulga Lands (Gordon et al. 1988), but
numbers later recovered (see section 6.7). These examples
suggest that drought could eliminate some mammals from
western Queensland if they were facing other stresses,
including extreme temperatures. Bilbies, yellow-footed
rock wallabies and koalas could be at risk.
In the Channel Country, Chris Dickman (pers. comm.)
has found that snakes, goannas and other lizards
become emaciated when a heatwave follows a drought.
Hatching success and/or juvenile survival of military
(Ctenophoruus isolepis) and central netted dragons
(C. nuchalis) is low after poor summer rains; these
lizards seldom live more than a year, so populations can
fall rapidly after a run of dry years. Dickman believes
that a wide range of reptiles could suffer from more
summer droughts, especially in combination with higher
temperatures. Droughts mean less prey for reptiles, with
termites and ants remaining longer underground, and
declining numbers of other insects.
MacNally et al. (2009) compared frogs recorded from
sites in northern Victoria in the 1970s with current frog
occurrences and found serious declines, which they
attributed to protracted drought. Clicking froglets (Crinia
signifera), which occupied all sites in the 1970s, were
recorded in just 35% of sites.
Droughts often drive inland birds towards the coast (Frith
1959; Chambers et al. 2005), and permanent colonisation
sometimes results. The spread of crested pigeons and
galahs into coastal districts has often coincided with dry
periods (Low 2002). Land clearing has turned coastal
forests into what now resemble inland woodlands and
grasslands, which suit these and other inland birds
such as cockatiels (Nymphicus hollandicus), redrumped parrots (Psephotus haematonotus), apostlebirds
(Struthidea cinerea) and black falcons (Falco subniger).
These birds could have been coastal inhabitants during
arid glacial periods, at which times, the fossil record
shows, inland mammals such as bilbies (Macrotis
lagotis) lived near the coast (Hocknull 2005). It is landclearing that makes coastal habitats suitable for inland
birds, but droughts that often drive colonisation events.
Droughts can worsen feral animal impacts. Increasing
pig numbers in western NSW during recent drought were
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attributed to lapses in control by economically stressed
farmers (West and Saunders 2006), even though drought
should lower pig numbers because they depend on
water. Droughts are thought to have assisted rabbits to
displace rufous hare wallabies (Lagorchestes hirsutus)
in the Northern Territory (Lundie-Jenkins et al. 1993). But
droughts can also suppress goat and other feral animal
populations, although West and Saunders concluded that
foxes, deer, goats and rabbits as well as pigs survived
throughout much of their range during drought in New
South Wales, partly because of reduced control activities.

Severe droughts in western Queensland could decimate red
kangaroo numbers, leaving behind only emaciated survivors.
Photo: DERM

3.2.3 Less orographic cloud
Reduced rainfall is predicted to raise the orographic cloud
level on mountain peaks, leading to dramatic losses in
water availability to montane organisms (Williams et al.
2003; Australian National University 2009; Lovelock et
al. 2010). Montane trees intercept water directly from
clouds in a process called ‘cloud stripping’. A study at
Gambubal State Forest south-west of Brisbane found that
cloud and fog increased effective rainfall by 40% (Hutley
et al. 1997). With 3 °C warming, the altitude at which
cloud stripping occurs may rise from 600 m to 900 m
(Australian National University 2009). This could produce
dramatic changes in temperature and water availability
between these altitudes by operating in conjunction with
rising temperatures and reduced rainfall. Montane frogs,
lizards, invertebrates, ferns and epiphytes could be very
vulnerable, especially on small isolated mountains. The
rare species found on cloud-enshrouded mountains
sometimes belong to very old lineages, and orographic
cloud may have played a key role in buffering them
from the increasing climatic variability that has driven
evolution and extinction in Australia since the Miocene.
But habitat modelling of the grey-headed robin
(Heteromyias albispecularis) in the Wet Tropics (Li et al.
2009) implies that high rainfall (plus low temperatures)
restrict this species at high altitude. Their modelling
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implies that under rising temperatures this robin will
decline less if rainfall declines than if rainfall stays the
same (or increases). This conclusion may apply to some
other species as well, but information is lacking. Sustained
cloud reduces ecosystem productivity (by reducing
photosynthesis) and insect activity, and this could explain
why robins do better when rainfall is not excessive.

Cooper Creek is part of the Lake Eyre system, to which
waterbirds from all over Australia converge to breed. It is
emerging as Australia’s most important waterbird nursery
following the degradation of the Murray-Darling system
and expected loss of Top End wetlands to sea level
rise (see section 6.6). The implications of less rainfall
entering Channel Country wetlands are considered further
in section 6.6.
Dunlop and Brown (2008) warned that more frequent or
permanent drying of some wetlands could lead to their
conversion into pastures or cropping land.

Orographic cloud is likely to matter most to montane species
where rainfall is modest. This is Girringun National Park in the
Wet Tropics. Photo: DERM

There are other factors to consider. Land clearing
often increases water flows into catchments because
pastures use less rainfall than trees. Rising CO2 might
increase river flows by decreasing water usage by
plants, especially where pastures are the dominant
cover, although this would not compensate for fewer
floods in the Channel Country, because the large
flows that promote breeding are a direct response to
rainfall. There are claims that global river flows have
increased in response to rising CO2 (Gedney et al. 2006),
but this is controversial. If water flows do increase,
greater extraction by landholders may undermine any
conservation benefit. Also, tree planting for carbon
sequestration could reduce inflows (Stokes et al. 2008b),
a potentially serious issue in future.

3.2.4 Diminished wetlands
If rainfall declines, one consequence will be less water
in seasonal wetlands seasonal wetlands (Roshier et
al. 2001; Chambers et al. 2005), which could have
serious implications for fish, turtles, waterbirds, aquatic
invertebrates and plants. Animals that rely on floodplain
trees (koalas, honeyeaters, insects) could also be
affected. River flows could be increased by reducing
water extraction by farmers, but landholders facing
declining rainfall may expect to extract more water.
Declining wetlands in inland catchments could be
especially serious because of the large declines in rainfall
predicted and their national significance. Cobon and
Toombs (2007) modelled future water flows along the
Cooper Creek in 2030 and concluded:
‘Climate change has the potential to dramatically
increase the duration of no flows by reducing the
frequency of low flows. Under dry climate change
conditions their [sic] was a greater risk of long
periods (150–200 days) of no flow being extended
which will affect waterhole replenishment and
may at times reduce the quantity and quality of
water available for human, stock and wildlife use.
Reduced replenishment of waterholes may also
affect aquatic biota within waterholes by reducing
water quality and the available space to move and
hide. Reduced replenishment of waterholes may also
mean decreased inundation of large floods due to
waterholes needing to be filled first.’

3.3

More rainfall

he climate projections for Queensland are
sufficiently uncertain that a high rainfall future
should be considered as a possible scenario.
It is most likely for north-west Queensland based on
modelling by Suppiah et al. (2007) and Perkins and
Pitman (2009). They removed IPCC global climate models
that performed poorly at simulating past Australian
climate, and both found that the remaining models
predicted an increase in rainfall for the north-west.

T

Under a high rainfall scenario, many native species would
benefit, because increased rainfall would compensate
plants for water losses induced by higher temperatures,
leading to higher productivity. Higher rainfall would
greatly benefit aquatic animals in inland Queensland,
including waterbirds. It would increase orographic
cloud on mountains, counteracting the effects of
higher temperatures.
But many species would decline from an increase in
rainfall, for a variety of reasons including intensified
land use (more cultivation, higher stocking rates), more
competition from native and introduced species, and
a higher fire risk from increased fuel. A combination of
higher temperatures and increased fuel could dramatically
increase fire impacts in western Queensland. Some areas
in north Queensland are at risk of salinity if higher rainfall
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increases water infiltration into pastures. CO2 fertilisation
could accelerate this effect by decreasing water use
by grasses. A combination of more rainfall and higher
temperatures would also benefit many weeds.

3.4

More intense
cyclones

increasing the vulnerability of rainforests to future
cyclone damage, the end result being more habitat for
vines.’ In Florida, vine diversity increased substantially
after a hurricane, with exotic vines making up 34% of the
increase (Horvitz et al. 1998). Panton (1993) blamed a
60% decline in monsoon rainforest near Darwin on fires
fuelled by mission grass (Pennisetum polystachion),
which invaded the forests after three damaging cyclones.
Floods also facilitate invasion by a wide range of weeds.
Low (2008) noted that 11 of Australia’s 20 Weeds of
National Significance are known to benefit from floods.

he impacts of past cyclones give some insight
into what may occur if cyclones of unprecedented
severity strike in future. Much of the information
is anecdotal, but a number of studies were conducted
after Cyclone Larry struck in 2006, as summarised by
Bellingham (2008).

T

Low (2008) noted that extreme rainfall events, including
cyclones, can also promote spread of pest animals,
including cichlid fish that washed from outdoor ponds
into north Queensland rivers after rain, and deer of four
species that escaped from a deer farm at Babinda after
Cyclone Larry damaged the fencing.

An extreme cyclone that struck Bathurst Bay in 1899
caused many deaths of marine and terrestrial animals,
according to an eye-witness after the event, Constable
J.M. Kenny (Whittingham 1958): ‘Dead fish of all kinds
were piled up, including porpoises, sharks, dugong, seasnakes, also sea birds, land birds, and wallabies. When
these animals and fish began to decay the stench was
pretty terrible.’

Panton (1993) and Bowman et al. (1999a) attributed
monsoon rainforest destruction at three sites in the
Northern Territory to cyclone damage and subsequent
severe fires fuelled by storm debris. This problem does
not appear to have been reported from Queensland
but could occur in monsoon rainforest on Cape York
Peninsula, where the vegetation and climate are similar.

Webb (1958) found that coastal rainforests south of
Cairns sometimes had low uneven canopies and dense
vine tangles or consisted of taller forests with dense vine
understories, which he attributed to past cyclone damage
after observing the aftermath of a severe cyclone in 1956.
These ‘cyclone scrubs’, as Webb called them, appear to
lack the species diversity of taller and better protected
rainforests. An increase in cyclone intensity could result
in large areas of diverse coastal rainforest converting to
less diverse cyclone scrubs.
Surveys conducted after Cyclone Larry found that upland
arboreal mammals (possums and tree kangaroos)
appeared to survive (Freeman et al. 2008), and bird
populations appeared to have recovered after seven
months (Low 2008; Murphy et al. 2008). But Bellingham
(2008) noted a 35% cassowary direct death rate from
this cyclone, presumably in the Mission Beach area, as
noted by Low (2007b), who also described damage to
endangered Mabi rainforest remnants on the Atherton
Tableland. More cassowaries would have died had they
not been taken into care.
Cyclones and damaging storms provide ideal
opportunities for weeds to invade rainforest. Miconia
(Miconia calvescens), a South American rainforest tree
targeted for eradication from Queensland, benefited
from recruitment opportunities in rainforest damaged
by Cyclone Larry (Low 2008). Low (2008) expressed
particular concern about vines, including native vines
such as Merremia peltata: ‘Vines that grow after cyclones
… create a feedback loop. They retard regeneration,
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The native vine Merremia peltata regrows so quickly after
cyclones, as shown here after Cyclone Larry, that it can retard
rainforest regeneration. Photo: Tim Low
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The survival or recovery of bird and mammal populations
after Cyclone Larry may not occur after future cyclones
if they are more intense. Cyclone Larry left intact many
west-facing slopes which provided food to cassowaries
and other animals in the months after the cyclone when
damaged forests lacked fruit and other resources. Under
a scenario of more intense cyclones there could be fewer
intact patches to sustain wildlife through this time of
shortage.
More intense cyclones could also result in damage further
inland, to habitats that seldom suffer cyclone impacts.
The damage to Mabi rainforest on the Atherton Tableland
after Cyclone Larry was considered unusual because
cyclones seldom track that far inland with much force.
A large scale flood in the Numinbah Valley in South-east
Queensland in January 2008 caused mass deaths of a
freshwater crayfish Euastacus valentulus. Hundreds of
small and medium-sized crayfish were buried and killed
by alluvium up to 50 m from the storm channel (Coughran
and Furse 2010). Noting that a similar event had occurred
in the United Kingdom, Coughran and Furse (2010)
warned that floods could prove detrimental to freshwater
crayfish, many of which have very limited distributions.

3.5

Higher fire risk

ires are important to the functioning of many
ecosystems, but fires that are too frequent, too large
or too hot can reduce biodiversity by eliminating
sensitive species. They can also exacerbate the impact
of rising temperatures by removing the cool and often
humid spaces provided by logs, stags, shady vegetation
and dense litter. Aquatic species can suffer from reduced
shade over pools and inputs of sediments and ash.

F

An increasing fire risk will threaten species in many
different environments, ranging from rainforests to
grasslands. Fire provides a mechanism by which grasses
and sclerophyll plants can displace rainforest (Mutch
1970; Bowman 2000), a habitat that declined during
the Tertiary because of fire and increasing aridity, as
discussed in section 4.2. Fire imposes a more significant
limit on current rainforest distribution in Queensland than
climate (Bowman 2000). Fire risk is strongly influenced by
climate, but also by topography and vegetation. Dominant
grasses benefit from the fires they fuel killing competing
vegetation (Mutch 1970; D’Antonio and Vitousek 1992;
Bond 2008). A higher fire risk benefits fire-adapted plants
over less flammable plants, with important outcomes for
biodiversity. Carbon storage is reduced because bigger
fires release more plant carbon, and uncommon species
are often disadvantaged, because flammability in Australia
has been increasing over large time scales (Kershaw et al.
2002), such that many rare species represent relict firesensitive species confined to small areas.

Fires can excerbate the impact of climate change by destroying
hollow trees and logs, which provide refuge from high summer
temperatures. This is woodland at Cape Melville on Cape York
Peninsula. Photo: Barry Lyon

But this picture is complicated by human management
of fire and by the climatic oscillations of the Pleistocene.
Rainfall and temperatures have increased since the
Last Glacial Maximum, creating improved conditions for
rainforest, but Aboriginal burning evidently prevented
rainforest along the east coast from expanding as
far as it could from glacial refuges. But under current
management, fires burn less often and rainforest
is expanding, in the Wet Tropics and South-east
Queensland especially, but also on the Clarke Range
(Central Queensland Coast) and McIlwraith Range
(Cape York Peninsula), putting at risk the wet eucalypt
communities on its margins, a problem discussed in
the bioregional summaries in section 6. In savanna
woodlands, suppression of fires by graziers is promoting
thickening of grassy woodlands on Cape York Peninsula
(Crowley and Garnet 1998, Crowley et al. 2004), and
probably more widely. A higher fire risk under climate
change could retard rainforest expansion, but seems
unlikely in most coastal bioregions to reverse it, except
where flammable weeds contribute fuel. It could also
inhibit thickening, but not where grass is kept low
by cattle.
Introduced high biomas grasses add another
complication because they have greatly increased
flammability in the regions where they are grown. Most of
them are African grasses imported because they produce
more feed for cattle than native grasses, but if they are
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not grazed they produce fuel loads so large that native
vegetation, including trees, is sometimes destroyed when
they burn. Buffel grass (Pennisetum ciliare) has spread
into Mazeppa National Park in the Brigalow Belt, and a
single fire that burnt into the park in 1999 killed brigalow
and gidgee trees, converting a dense woodland into a
buffel grassland with scattered surviving trees (Butler and
Fairfax 2003). Similar buffel grass fires have destroyed
dry rainforest in several Brigalow Belt national parks
(Low 1999; and see section 6.12). Buffel grass is the
most widespread pasture grass in inland Queensland,
and its ongoing spread into inland woodlands is a major
concern for conservation managers (Fairfax and Fensham
2000; Franks 2002), even without the extra risk posed by
climate change. Inland rainforest communities are often
very susceptible to a higher fire risk, unlike rainforest
near the east coast.

Other flammable African grasses also pose a risk to
biodiversity under climate change (Low 2007). Mission
grass (Pennisetum polystachion), which fuels fires more
than 5 m tall, is blamed for destruction of monsoon
rainforests near Darwin (Panton 1993). Like buffel grass,
it was listed as one of Australia’s 18 top environmental
weeds by Humphries et al. (1991). Other introduced
grasses that increase fire risk include green panic or
guinea grass (Megathyrsus maximus) (Lovelock et
al. 2010), para grass (Urochloa mutica) (Douglas and
O’Connor 2004), molasses grass (Melinis minutiflora)
(D’Antonio and Vitousek 1992), signal grass (Brachiaria
decumbens) (Low 2007), whisky grass (Andropogon
virginicus) (Low 2007), grader grass (Themeda
quadrivalvis) (John Clarkson pers. comm.), and Cloncurry
buffel grass (Pennisetum pennisetiforme) (Dan Kelman
pers. comm.). Grass-fire cycles of invasion involving
these or other grasses have been documented in Hawaii,
North America, Central and South America (Rossiter
et al. 2003). For Cape York Peninsula, John Clarkson
(pers. comm.) cautioned against focusing just on gamba
grass, warning that the threat is constituted by a suite of
grasses, each adapted to different microenvironments.

The distribution of rainforest is often centred on rocks because
they protect trees from fire, as shows here on St Bees Island on
the Central Queensland Coast. Photo: Queensland Herbarium

The potential for buffel grass and gamba grass
(Andropogon gayanus) to increase fire risk was
highlighted by Bradstock (2010) and Williams et al.
(2009), reviewing fire and climate change, and by Low
(2008), reviewing invasive species and climate change.
Gamba grass is an extremely tall grass (up to 4.75 m)
that was declared a class 2 weed by the Queensland
Government because it is very invasive and poses an
extreme fire risk. It can carry two fires in one dry season,
and these can be eight times as intense as native grass
fires (Rossiter et al. 2003). Repeated gamba grass fires
kill eucalypts (Kean and Price 2003; Rossiter et al. 2003).
In a Queensland Government risk assessment, Csurhes
(2005) concluded that gamba grass fires could ‘transform
Australia’s eucalypt-dominated tropical woodlands into
tree-free grasslands’. Gamba grass can no longer be
legally planted, but there are cultivated pastures and wild
infestations on Cape York Peninsula, in the Einasleigh
Uplands and at one location in the Wet Tropics. Further
spread of these infestations would pose a high risk to
biodiversity under climate change.
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High biomass grasses such as whisky grass (Andropogon
virginicus) increase fire size and reach by increasing fuel density
and connectivity. Photo: Tim Low

Other weeds beside grasses can promote fires. For
example, lantana (Lantana camara) fuels intense fires
that damage rainforest (Lovelock et al. 2010; Fensham et
al 1994). Stanton and Fell (2004) described its impact in
north Queensland: ‘By suppressing cool fires yet burning
fiercely under severe conditions, it promotes serious
damage to rainforest margins, and by invading damaged
areas leads to a permanent loss of habitat.’ This is a
serious issue in Forty Mile Scrub (Fensham et al 1994),
where more than half the rainforest has been damaged
(Rod Fensham pers. comm.).
The interplay between fire and climate change is thus
very complicated, because of the influences of vegetation
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flammability, changing human management, history
and topography. An increase in fire risk may prove
beneficial in some settings but very disadvantageous in
others. The endangered eastern bristlebird (Dasyornis
brachypterus) provides an example of the complexity;
it is threatened by fires that are too frequent in some
locations and too infrequent in others (Garnett and
Crowley 2000). A higher fire risk is mentioned in many of
the bioregional summaries as posing a threat to declining
species, including the endangered Paluma leaftail
gecko (Phyllurus gulbaru) (Hoskin et al. 2003) and the
endangered Gouldian finch (Erythrura gouldiae) (Garnett
and Crowley 2000).

3.6

Plants obtain CO2 through leaf stomata (pores). Loss of
water vapour through stomata is a significant cost to plants
wherever water availability constrains plant growth, and
stomata close when leaf water levels fall. Industrial CO2
emissions reduce water loss by leaves by increasing the
ratio of carbon gained to water lost. Higher CO2 thus has
the potential to compensate plants for declining rainfall by
increasing water use efficiency. But compensation is less if
CO2 fertilisation results in more vegetation (more leaf area)
competing for the same soil water.

Rising CO2 levels

3.6.1 Impacts on plants
Carbon dioxide impacts on plants are not a direct
component of climate change but a process occurring
in parallel. The impacts on plant growth, which in turn
affect animals, are usually ignored in modelling studies
of climate change impacts (Dunlop and Brown 2008;
Hovenden and Williams 2010) because there are high
uncertainties about the scale and direction of impacts,
and because they are difficult to factor into models, but
they are too significant to be disregarded.
CO2 studies have been conducted in greenhouses and
in Free Air CO2 Enrichment (FACE) studies, in which CO2
levels (and sometimes heat) are raised around plants
in the field. It is difficult to know how well these studies
simulate the future. Most of the greenhouse work has
been performed on young plants grown in pots with
fertiliser and regular water and a lack of competition
from other plants (Hovenden and Williams 2010). FACE
experiments operate in more realistic settings, but so
high is the cost of CO2 that they have been performed
only on a very small scale, typically on small patches
of grassland or on sapling trees. At Australia’s longest
running FACE site near Hobart, the patches of CO2-fed
vegetation are only one metre wide. Nowhere in the world
has a tract of mature forest been fed high CO2.
Rising CO2 has two main impacts on plants: more CO2
for photosynthesis and reduced stomatal conductance,
meaning less water loss from leaves. Plant photosynthesis
is usually limited by CO2 availability (Hovenden and
Williams 2010), and greenhouse gas emissions increase
photosynthetic rates. The extra growth can be dramatic in
greenhouse experiments when plants are fertilised, but the
capacity of plants to benefit from extra CO2 in the wild is
strongly constrained by soil nutrient availability. Hundreds
of CO2 fertilisation experiments have been performed
around the world and the findings synthesised in several
metastudies and reviews.

At Australia’s longest running FACE site, Mark Hovenden feeds
extra CO2 and heat to small patches of Tasmanian grassland.
Photo: Tim Low

As noted previously, higher CO2 levels increased the
growth of eucalypt seedlings under drought conditions
in two experiments (Roden and Ball 1996b; Atwell et al.
2007). And at a site near Townsville, Stokes et al. (2008a)
found that grasses fertilised with CO2 (460 ppm and 550
ppm) did much better than unfertilised grasses during
moderately dry years, while still achieving a slight benefit
during wetter years. However, fertilisation did not prevent
grass death during the extreme drought of 2002–3.
Given the infertility of most Queensland soils, and
the uncertainty about how well experiments predict
real responses, large growth increases under higher
CO2 seem unlikely. What seems more certain is that
water savings from reduced stomatal conductance will
provide plants with some compensation for declining
rainfall and increased evaporation (Holtum and Winter
2010). One view is that rising CO2 will cancel out water
declines, leading to no changes, at least in forested
regions (Australian Greenhouse Office 2006). Hovenden
(2009) proposed that higher CO2 would allow plants to
extend their ranges into drier areas, but Hovenden and
Williams (2010) seemed to offer a different view: ‘while
it is extremely unlikely that the increase in [CO2] will be
able to counteract the effects of increased evaporative
demand due to global warming, it will undoubtedly
reduce the severity of the impact. Increased water use
efficiency is also important in offsetting the impacts of
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reduced precipitation that are likely across large areas of
Australia (IPCC 2007).’
But modest growth responses may occur, at least
among some plants in some habitats. Limits on nutrient
availability may be overcome by plants producing larger
root systems that increase soil exploration, and by an
increase in mycorrhizal fungi on plant roots, which could
increase phosphorus acquisition (Hovenden and Williams
2010). Plants in CO2 experiments typically increase
their root mass (Hovenden and Williams 2010). Most
Australian habitats are rich in wattles (Acacia species)
and other nitrogen-fixing plants, and Schortemeyer
et al. (2002) found that five of seven wattles grown
under elevated CO2 fixed more nitrogen, and that six of
the seven species maintained enhanced growth rates
throughout the 150 day experimental period. Nitrogen
fixed by wattles eventually becomes available to other
plants. Thus, higher CO2 could theoretically increase
nitrogen availability in Australian soils, but Hovenden
and Williams (2010) propose instead that nitrogen will
decline because of shifts in nitrogen cycling.

When grown under elevated CO2, the growth of blackwood
(Acacia melanoxylon) increased, but root mass and plant
nitrogen concentrations were reduced. Plant responses to higher
CO2 can be very complex. Photo: Tim Low

Woody plants are more likely to increase growth than
grasses and herbs because they have more capacity to
store carbon, although it is not clear from all FACE studies
that they do (Nowak et al. 2004). In Australian CO2
experiments, grasses have often proved unresponsive,
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leading Hovenden and Williams (2010) to conclude that
there is ‘no reason to expect that increasing [CO2] will
necessarily increase growth in native grasses’. Most of
the grasses that dominate Queensland habitats practise
C4 photosynthesis which does not benefit from higher
CO2, although water savings are achieved (Stokes et al.
2008b). Strong growth responses have been recorded
in Australian tree seedlings (Hovenden and Williams
2010). The largest growth responses are likely in young
(regenerating) fertile dry habitats, rather than in wet
locations where nutrients are strongly limiting. Hovenden
and Williams (2010) identify arid zone ecosystems as
having the greatest potential for responses. Howden et al.
(2001) projected mulga (Acacia aneura) growth under a
scenario of high CO2 (700 ppm), 3 °C higher temperatures
and 10% less rainfall, and concluded that mulga biomass
would decrease if its only response to higher CO2 was
greater water use efficiency, but would increase if a
growth response was stimulated.
Trees are not expected to grow taller, but forests may
become thicker. Hovenden and Williams (2010) predict
tree invasion of grasslands and denser canopies in
woodlands. Seedlings and other understory plants
will grow better in the shade because elevated CO2
increases light use efficiency and can decrease the light
compensation point of leaves (Korner 2009). Understory
vegetation thickening is occurring in many parts of the
world, including Australia (Berry and Roderick 2004;
Korner 2009; Witt et al. 2009). Understory vegetation
thickening is occurring in many parts of the world,
including Australia (Berry and Roderick 2004; Fensham
and Fairfax 2005; Witt et al. 2009). This is commonly
attributed to rising CO2 levels (Berry and Roderick
2004; Berry and Roderick 2006; Raison et al. 2007),
although McKeon et al. (2009) have pointed out that it
is not occurring consistently (see Sharp and Bowman
2004; Hovendon 2008) and there are other possible
explanations (Holtum and Winter 2010). Witt et al.
(2009) found that canopy cover increased by 3.5%
in the Queensland Mulga Lands during the second
half of the 20th century, but attributed this to two high
rainfall events rather than to CO2 impacts, because the
thickening was unevenly distributed. It remains unclear
whether rising CO2 levels are contributing to thickening
in Australia, because the extent of thickening expected
from recent CO2 levels falls within the bounds of error of
measurements (McKeon et al. 2009).
CO2 fertilisation could shift the balance between woody
plants and grasses. Woody plants, which practise C3
photosynthesis, benefit more directly from rising CO2
than tropical and subtropical grasses (which practise
C4 photosynthesis) because the C3 photosynthetic
pathway is more responsive to higher CO2. It has thus
been predicted that trees and shrubs will increasingly
dominate woodlands and savannahs (McKeon et al.
2009). The density of trees in savanna is determined
partly by fire, with a fire-free interval necessary before

3. Climatic vulnerabilities
seedlings and saplings grow tall enough to escape
serious fire damage. CO2 fertilisation could increasing
seedling growth and post-fire recovery of saplings,
providing a further benefit to woody vegetation (Bond et
al. 2003). But a higher fire risk could reverse this benefit
by increasing the frequency and intensity of fires, to
the benefit of grasses. More research on the possible
outcomes is needed (Hovenden and Williams 2010).
Many other changes may result, including to competitive
relationships. Darwin woollybutt (Eucalyptus miniata) and
Darwin stringybark (E. tetradonta) are the dominant trees in
the savannas of the Northern Territory, and they also occur
in north Queensland. Duff et al. (1994) grew seedlings
of both species under elevated CO2 and found that the
stringybark was very responsive to increased CO2 but the
woollybutt was unaffected. Similarly, in a FACE study near
Townsville Stokes et al. (2008a) found that kangaroo grass
(Themeda triandra) benefited strongly but other grasses
(Chrysopogon fallax, Eriachne obtusa) did not. Higher CO2
is alsoexpected to alter the palatability of some plants
more than others, changing rates of herbivory. Rising CO2
could thus shift the competitive balance between cooccurring plant species in many habitats.
Flowering and seed production are altered by elevated
CO2 levels, with many possible consequences. Seeds
could become larger, but with a lower nitrogen content,
and flowering could occur earlier or later (Hovenden
2009). At a FACE site in grassland near Hobart,
the population of wallaby grass (Austrodanthonia
caespitosa), a dominant grass in southern Australia,
declined substantially, apparently due to reduced seed
production (Williams et al. 2007).
Herbivory of plants could increase or decrease, but
overall is likely to decline (see next section). This will
benefit native plants, although reduced performance of
biological control agents could also lead to worsening
weed invasion (Low 2008).
Higher CO2 levels will increase fire risk if they increase
plant growth, by increasing fuel levels and fuel
connectivity under circumstances of higher temperatures
(Hovenden and Williams 2010). Higher CO2 can also
increase the build-up of litter fuels because a lower
nitrogen concentration in leaves reduces decomposition
rates by micro-organisms, although experiments indicate
only minor reductions (Hovenden and Williams 2010). But
declining rainfall could counteract higher CO2 by reducing
growth of potential fuels.
It has been suggested that CO2 fertilisation will help some
weeds but not others, but recent studies reviewed by
Bradley et al. (2010) have shown advantages for invasive
plants across a range of species and growth forms,
including grasses, forbs, shrubs and vines. Nowak et al.
(2004) concluded that C3 invasive plants would benefit.
Fast-growing plants are one category that seem to benefit
from higher CO2 and many weeds are fast-growing (Dukes
2000; Poorter and Navas 2003).

3.6.2 Impacts on animals
Plants supplied with extra CO2 usually produce foliage
with reduced nitrogen content. As nitrogen is often the
limiting resource for herbivorous insects and mammals,
this means they will need to eat more to survive. This
may not be possible under some circumstances, or it
may expose insects to higher levels of predation and
parasitism. Hovenden and Williams (2010) predicted
dramatic consequences for mammalian herbivores,
especially browsing mammals, and Coviella and Trumble
(1999) predicted local extinctions of some insects, and
higher levels of endangerment.
Higher CO2 levels could also be a problem in another
respect. CO2 fertilisation experiments often result in
greater leaf thickness and production of more carbonbased secondary compounds such as phenols and
tannins, which reduce leaf palatability (Zvereva and
Kozlov 2006). Greater leaf thickness could be a particular
problem for new-borne caterpillars. Lawler et al. (1997)
recorded increased mortality of beetle larvae feeding
on Queensland blue gums (E. tereticornis) grown under
elevated CO2, with feeding marks suggesting the leaves
had become too tough.
On the other hand, increased water efficiency in plants
could increase the water content of leaves, especially
during dry periods, which would increase digestibility
(Coviella and Trumble 1999).
Hovenden (2008) predicted that the ‘negative
consequences for herbivores of increased allocation to
defensive compounds at elevated [CO2] will overwhelm
the positive effects of increased water content’. However,
in the one long-term FACE study that has assessed insect
responses to rising CO2 levels, Stiling et al. (2009) found
that although herbivory on Florida oaks declined, the
number of leaf miners using two oak species increased
because higher leaf production more than compensated
for reduced rates of herbivory.
Herbivory levels could increase (from animals eating
more) or decrease (if animals become rarer). In soy
beans, elevated carbon dioxide increases leaf palatability
by blocking production of an acid that inhibits
herbivores, an unusual result (Zavala et al. 2008). In
nitrogen-fixing plants such as wattles, nitrogen content
may remain high (Karowe 2007), and insect numbers
may remain the same, unless leaf toughness becomes a
problem. In the eucalypt experiment mentioned above,
Darwin stringybark was very responsive to rising CO2
but Darwin woollybutt was not (Duff et al. 1994), which
suggests that woollybutts may remain more palatable to
herbivores than stringybarks. But in the experiment with
Queensland blue gums, palatability declined despite
a lack of growth stimulus (Lawler et al. 1997; Atwell et
al. 2007). These studies suggest that changes to leaf
palatability will be species-specific (Coviella and Trumble
1999), with some plants retaining high insect numbers
and others suffering less insect damage.
Climate Change and Queensland Biodiversity

33

3. Climatic vulnerabilities
Herbivorous mammals as well as insects will be affected.
In tests of two important foodplants of north Queensland
rainforest possums and tree kangaroos, Kanowski et al.
(2001) found that elevated CO2 increased leaf thickness
and reduced nitrogen availability. In Queensland maple
(Flindersia brayleyana) it also reduced concentrations
of phosphorus, potassium and calcium. Leaves
became tougher as well, although only on rhyolite soils,
which are uncommon in the Wet Tropics. Montane
rainforest mammals are expected to decline from rising
temperatures, and Kanowski et al. (2001) predicted a
decline from reduced leaf quality as well. Rainforest
mammals may be increasingly confined to forests on
basalt soils.

Insect predators could also be affected by the changes.
There could be fewer insects to eat or they could be harder
to find. The Stiling et al. (2009) study, which found that
leaf miner numbers increased but herbivory rates declined,
represents a situation in which there are more insects, but
even more leaves, resulting in insects being more difficult
to find. Insectivorous birds, reptiles, frogs and insects
could be affected, but impacts are likely to be critical only
in situations where the survival of predators is marginal,
for example at range edges or where climate change or
other anthropogenic impacts are placing species under
stress. It is also possible that predators will be advantaged
rather than disadvantaged, because insects will grow more
slowly, increasing their availability to predators.
Animals will also be affected by changes in flowering and
seeding, although there appear to be no relevant studies
that assess possible impacts.

3.7

Rising sea levels

ising seas and storm surges will inundate lowlying lands near sea. The systems at most risk
are freshwater wetlands found immediately
upslope of saline wetlands on the Holocene marine
plains that form much of the coastline of Queensland.
Many vegetation communities are at risk, for example
paperbark (Melaleuca species) woodlands and wetlands
dominated by spike rush (Eleocharis dulcis).

R
More CO2 stimulates plants to produce seeds with less nitrogen,
to the disadvantage of seed-eating animals such as the red
rumped parrot (Psephotus haematonotus). Photo: Jon Norling

Similar concerns have been expressed about koalas. The
IUCN Species Survival Commission (2009) has suggested
that koalas in future ‘may no longer be able to meet their
nutritional demands, ultimately resulting in malnutrition
and starvation’. This is probably too pessimistic, as
mammals, like many insects, may be able to eat more
to compensate for reduced leaf quality. But female
koalas, during peak lactation, already eat 35% more
leaves to meet the nutritional demands of reproduction
(Krockenberger and Hume 2007). Soil fertility could
become a major determinant of herbivore survival, as it
already is for arboreal mammals (Braithwaite et al. 1983).
Unfortunately, the most fertile landscapes have mostly
been converted to agriculture. Low (2007a) provided
relevant recommendations:
When eucalypts are planted for koalas and other
wildlife, the selection of species and lines with a high
nitrogen content and low phenol content will prove
most beneficial. When land is acquired to conserve
koalas or greater gliders, sites with the most fertile
soils are more likely to retain their mammal fauna.
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Where the topography is gentle, in the Gulf Plains for
example, wetland habitats have some capacity to migrate
inland with sea level rise, providing partial compensation
for habitats lost, but in most of eastern Queensland inland
expansion will be prevented by steep land or by human
developments. In the Wet Tropics, for example, many
coastal habitats are already endangered through clearing
and degradation, and sea level rise and storm surges could
eliminate them (Jeanette Kemp pers. comm.).
Mangroves and especially saltmarsh communities also
face threats where steep land or human infrastructure
will prevent inland colonisation, but mangroves should
benefit from sea level rise on undeveloped plains, for
example in the Gulf of Carpentaria (see section 4.3).
Sea level rise will have significant impacts on fauna,
in particular on wetland birds that feed and breed in
low-lying wetlands, and on birds and flying foxes that
use paperbark nectar. Spike rush tubers are a staple
food of magpie geese (Anseranas semipalmata), whose
numbers are likely to decline; their populations probably
fluctuated greatly in response to sea level changes during
the Pleistocene. In southern Queensland, paperbarks (M.
quinquenervia) are a critical winter-spring nectar source
for flying foxes and honeyeaters, the loss of which would
be very significant, and could result in fewer pollinators
to service other trees.

3. Climatic vulnerabilities
As noted in section 2.6, sea levels were more than a
metre higher than today only a few thousand years
ago (Baker et al. 2001), with exposed Magnetic Island
corals suggesting a sea level 1.6 m higher about 5800
years ago (Yu and Zhao 2010). The habitats at risk
are thus very youthful, and tend not to support a high
diversity of species nor large numbers of threatened
species. Paperbark (Melaleuca quinquenervia) forests
and woodlands once covered large areas of southern
Queensland, but they do not support any specialised
vertebrates. But habitats at risk do support some
threatened species, for example the endangered
Australian fritillary (Argyreus hyperbius inconstans) and
the vulnerable ant plant (Myrmecodia beccarii).

3.8

in the appropriate bioregional assessments. The survival
of rare montane shrubs may depend on the removal of
competing species.
The noisy miner (Manorina melanocephala) is widely
considered a problem native species (Maron and
Kennedy 2007; Eyre et al. 2009; Howes and Maron 2009),
and Low (2009) outlined a scenario by which it could
benefit from climate change to the detriment of tree
health: noisy miners prefer fragmented forests, so that
scattered tree deaths from climate change will increase
suitable habitat for these birds which, by defending
nectar sources from migratory honeyeaters, will reduce
the capacity of eucalypts to adapt to climate change by
reducing cross-pollination.

Biotic interactions

limate change is expected to increase the
abundance and/or distribution of some species
that are major competitors, predators, parasites
or pathogens, including introduced species. Dunlop and
Brown (2008) listed the arrival of new (native and exotic)
species in response to climate change as a ‘wicked’
threat with significant implications for conservation.
Species that benefit from climate change could cause
harm to biodiversity in advance of direct climatic impacts,
or on a larger scale. Dunlop and Brown considered the
various possibilities:

C

New species could have considerably variable ecological
impacts when they establish: they may establish in low
density, or become a dominant; they may out-compete
present species, become valuable food or habitat, or be
significant pests or predators; they may have relatively
little impact at the ecosystem level or may transform
composition, structure or function in some way.
Evidence for dramatic impacts has emerged from the
Australian Alps, a region especially sensitive to climate
change. About half the major climate change concerns
about this region listed by Green (2009b) involve biotic
interactions. These include vegetation in the lower alpine
zone losing its competitive advantage to woodland trees,
and invasive pests such as horses, weeds and chytrid
fungus moving higher.
The current report operates from the assumption
that changes in species’ abundance will be a more
prevalent phenomenon than new arrivals (see sections
5 and 6.1). New arrivals will be most likely on upper
mountain slopes where climatic gradients are steep
and continuous vegetation facilitates movement.
Shifts in plant abundance will be driven by changing
temperatures, rainfall, and CO2 fertilisation, as noted in
previous sections. Many rare plants in the Wet Tropics,
Central Queensland Coast and Southeast Queensland
could be threatened by competitive shifts, a point made

Droughts, by opening the forest canopy, may benefit the noisy
miner, an aggressive honeyeater that displaces other birds.
Photo: Jon Norling

In the Northern Hemisphere, native beetles multiplying
under rising temperatures are now causing forest death
over vast areas, as noted earlier (Kamata et al. 2002;
Logan et al. 2003; Parmesan 2006; Carroll 2007). A
similar problem has not emerged in Australia but cannot
be ruled out.
Invasive species have been a major cause of extinction
and species decline in Australia, and their potential to
benefit from climate change is well recognised (Low
2008; Dunlop and Brown 2008; Steffen et al. 2009).
Aquarium fish released into streams will benefit because
most species are from the tropics (Low 2008), and cane
toads (Rhinella marina) will benefit from higher minimum
temperatures in inland Queensland, although lower
rainfall may cancel this advantage.
Many weeds will benefit. The various trees, shrubs,
vines and grasses escaping from cultivation include
species from many different climatic zones around the
world, and higher temperatures will probably increase
the competitive edge that some already have. A weedier
future has been predicted by various biologists (Malcolm
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et al. 2002; Cox 2004; Sutherst et al. 2007; Low 2008).
Flammable weeds that benefit from fire may pose the
greatest problem, as considered in section 3.5. Climatemediated competition from weeds could become an
increasing problem in regions with many invasive
species such as Southeast Queensland and the Wet
Tropics. Small rainforest remnants and riparian forests
are especially prone to weed invasion because of the
fertile soils they often grow on, and rising CO2 levels, by
increasing light use efficiency (Korner 2009), could help
weeds penetrate remnant interiors.
Cyclones and other extreme events increase the
opportunities for weed and pest spread (Low 2008).
After Cylone Yasi and the floods of 2011, Biosecurity
Queensland became aware of many increased pest

problems, including terrestrial weeds spread by overland
flows, aquatic weeds and pest fish carried to new
catchments, increased weed germination and growth
rates, and feral pig movement into more arid areas.
Many wildlife pathogens will benefit from higher
temperatures, which often increase in virulence
(Harvell et al. 2002). Sadlier et al. (2005) noted that if
temperatures rise a few degrees on the Clark Range they
will become optimal for the plant pathogen Phytophthora
cinnamomi, which causes rainforest dieback. It is beyond
the scope of this report to address pathogens in detail,
but an exception is made for Phytophthora cinnamomi
and for amphibian chytrid fungus (Batrachochytrium
dendrobatidis) because their impacts are so serious.

The armoured mistfrog (Litoria lorica) was long thought to be extinct from chytrid fungus until a small population was found at the very
top of this waterfall in the Wet Tropics. The waterfall is more open and less humid than other sites once occupied by the frog (inside
rainforest), and experts postulate that higher temperatures on the rocks at night protected the frogs from the disease. Photo: DERM

Phytophthora cinnamomi is of concern in the montane
rainforests of the Wet Tropics and Central Queensland
Coast, where many patches of dead and dying forest
have been found in association with the fungus.
Phytophthora cinnamomi exacerbates the impacts of
rising temperatures as infection causes loss of the shady
rainforest canopy. It typically ocurs at the high altitudes
that support endemic species at greatest risk from
climate change. Dieback with associated Phytophthora
has been recorded from several Wet Tropics locations,
including Mt Lewis, Mt Bartle Frere, Mt Windsor and
Mt Spec, and also from the Clarke Range near Mackay
(Gadek 1999). At Dalrymple Heights about 20% of the
rainforest in one part of Eungella National Park died.
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The optimal temperature range for pathogen activity has
variously been given as 15–30 °C and 24–28 °C. With
soil temperatures under healthy rainforest in the Clarke
Range reaching 20–21 °C in summer and falling to
12–13 °C (Gadek 1999), there is considerable potential
for increased pathogen activity under warming. Higher
temperatures than these would be expected in much
of the Wet Tropics, but the temperature ranges suggest
that climate change will benefit this disease by reducing
the proportion of the year that falls below optimal
temperatures. Phytophthora is also expected to benefit
from any increases in rainfall variability. Brown (1999)
suggested that both high and low rainfall events could
benefit the disease:

3. Climatic vulnerabilities
In a truly undisturbed area, a likely ‘trigger’ for
P. cinnamomi would be rainfall, either very high through
a direct effect on P. cinnamomi, or very low by stressing
trees with a diseased root system. The effect of rainfall
would be enhanced if a wet period were followed by
dry conditions as reported for Pinus elliottii Engelm. in
southeastern Queensland (Oxenham and Winks 1963).
Phytophthora could exacerbate the threat of climate
change for animals by exposing them to higher
temperatures and increased desiccation when it
kills trees. ‘Dieback caused by the root-rot fungus
Phytophthora cinnamomi’ was recognised by the federal
government as a key threatening process and a threat
abatement plan was produced in 2001.

temperatures in Queensland could reduce infection rates
and help with the recovery of affected frog populations.
In the Wet Tropics, three frog species that largely
disappeared from upland sites – the waterfall frog (Litoria
nannotis), common mistfrog (L. rheocola) and Australian
lace-lid (Nyctimystes dayi) – survive below 400 m, and
rising temperatures should increase their survival rates
just above this altitudinal level. But Ross Alford (pers.
comm.) cautioned against drawing simplistic conclusions
about higher temperatures reducing chytrid incidence. He
warned that frogs could respond to rising temperatures
by spending more time in moist litter or in the water,
which could increase transmission rates or disease
severity. Because of this uncertainty, chytrid fungus is not
considered in further detail in this report.
Climate change will reduce the threat of some invasive
species. Rabbits will be disadvantaged by higher summer
temperatures causing heat stress (Lange and Graham
1983; Cooke 1987; Scanlan et al. 2006), and many feral
animals will be disadvantaged by more extreme droughts,
although they could benefit if drought-affected farmers
reduce control efforts, as has happened recently in New
South Wales, resulting in unexpected increases despite
the unfavourable climate (West and Saunders 2006).
Changing biotic interactions are difficult to predict,
and this section does no more than suggest some
obvious examples.

The Australian lace-lid (Nyctimystes dayi) is a Wet Tropics frog
that could benefit if higher temperatures at high altitudes
reduce the infection rates of chytrid fungus, a pathogen that
has caused such serious declines of this frog that it is now
endangered. But high temperatures at low altitudes could
disadvantage the frog, and it is far from certain that high
temperatures will reduce infection rates. Photo: Terry Reis

The amphibian chytrid fungus (Batrachochytrium
dendrobatidis) grows best within a relatively narrow
range of temperatures. Kriger et al. (2007) found that
infection prevalence and intensity in frogs along the east
coast were significantly greater at sites with high rainfall
(more than 33 mm in the month before sampling) and
cool temperatures (stream temperatures of less than
23 °C one hour after sunset), while Drew et al. (2006)
found that chytrid infection occurred more widely where
average summer maximum temperatures were below
30 °C. Higher temperatures have proved lethal for the
fungus: Woodhams et al.(2003) found that southern
orange-eyed treefrogs (Litoria chloris) exposed to 37 °C
for 16 hours were cured of their chytrid infections.
Similarly, Berger et al. (2004) found that four of eight
great barred-frogs (Mixophyes fasciolatus) exposed to B.
dendrobatidis at 27 °C survived, whereas all 16 exposed
at 17 °C or 23 °C died. These findings suggest that rising

3.9

Human impacts

uman responses to climate change will have
major impacts on biodiversity. As Dunlop and
Brown (2007, page 15) note, ‘in some cases the
societal response to the [climate change] threat may have
a greater impact on biodiversity and the direct impact
of the threat.’ The responses could include relocation
of human populations, construction of walls to counter
sea level rise, construction of new dams, increased
agricultural development in north Queensland, the
introduction of new drought-hardy pasture and garden
plants that prove invasive, the widespread cultivation of
biofuel crops including algae in vast ponds, tree-planting
for carbon sequestration, and the introduction of new
drought-hardy crops and livestock breeds. A change
from farming livestock to harvesting kangaroos might
also occur as a way of reducing methane emissions.
Higher temperatures increasing heat stress in cattle and
reducing the productivity of sheep (McKeon et al. 2009)
could lead to lower stocking rates, or a switch to more
destructive goats or less damaging kangaroos.

H

As one example of what could occur, in January 2010 a
Norwegian company, ENEnergy, was reported on ABC
News proposing to plant 100 000 hectares of giant reed
(Arundo donax) in Queensland as a biofuel. Giant reed
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is on IUCN list of ‘100 of the World’s Worst Invasive Alien
Species’ (Lowe et al. 2000) because it is highly invasive
along waterways. It is also highly flammable. There are no
legal restrictions on its use in Queensland although these
are now being considered.
Planting native trees for carbon sequestration could benefit
wildlife by creating new habitat in degraded farmland, but it
could also reduce water yields in catchments, a potentially
serious problem in inland bioregions.
Because of the high levels of uncertainty, no attempt
is made in this report to consider all possible human
responses. One that is emphasised in several bioregional
summaries is the prospect of graziers responding to
increasing heat stress on livestock by turning more to
goats. Any such change could threaten large numbers of
rare plants in inland bioregions. It should not be a problem
in northern bioregions, where dingos limit goat numbers.

3.10

Conclusions

ater availability is more critical for vegetation
survival in Queensland than temperature, with
lack of water imposing limits on productivity in
most habitats, and droughts often causing plant deaths.
High temperatures do not kill woody plants directly,
apart perhaps from seedlings, but they can kill plants
indirectly by increasing water losses, fire intensity, and
by altering competitive relationships. In environments
where water is not limiting, higher temperatures may
benefit plants, although some of these will be weeds.
Certain native species that benefit from climate change
may also come to be viewed as ‘weeds’ if they displace
species of higher conservation value (Low 2008; Dunlop
and Brown 2008; Steffen et al. 2009). The declines in
rainfall expected under climate change, and increases
in evapotranspiration from higher temperatures, are
likely to have strong impacts on biodiversity, manifested
especially during droughts, and especially when
heatwaves and droughts coincide.

W

Rising CO2 levels, by increasing plant water use efficiency,
have some potential to compensate plants for increased
water stress due to rising temperatures and declines
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in rainfall. Opinions differ about the extent to which
compensation will occur, with earlier claims of large
benefits now seeming less likely. This report accepts
the conclusions of Hovenden and Williams (2010) that
limited compensation will occur. The premise applied
here is that plants in far north Queensland will face a
slight reduction in water availability, given the projected
modest declines, and that plants in other bioregions will
face large reductions due to the larger projected changes
in rainfall and evapotranspiration.
The strength of compensation will depend partly on
whether growth is stimulated. If vegetation becomes
thicker, the water use efficiency achieved under higher
CO2 will service the extra growth. But if CO2 fertilisation
results in deeper roots rather than more plants or larger
crowns, or if soil infertility prevents plants from benefiting
from extra water and CO2, there is likely to be more soil
water to compensate for declining rainfall. It thus seems
likely that plants growing on infertile soil in very waterlimited (arid) environments will gain more benefit from
extra CO2 during drought than plants on fertile soil.
Animals will more often be threatened directly by higher
temperatures. The most vulnerable fauna may occur in
two contrasting settings: hot arid regions where animals
live close to their limits, and upland rainforest refugia
where animals have a limited physiological or behavioural
capacity to cool themselves. But flying foxes, which do not
match either situation, have suffered recent heat-related
mortalities, showing that deaths could be unpredictable.
Fire has been a major contributor to biodiversity declines
in Australia (Burbidge and McKenzie 1989; Woinarski
and Recher 1997; Franklin et al. 2005), and any increase
in fire intensity or frequency could have very serious
consequences in future. Fire offers more opportunities
for intervention than other aspects of climate change,
through improved fire management and by excluding
exotic pasture grasses from conservation areas.
Biotic interactions and human responses to climate
change will have significant impacts on biodiversity and
may often cause more harm than direct climate change.
Many rare plants could be threatened by weeds and by
native plants that benefit from climate change. They
could also be threatened by increasing numbers of goats.

4. Vulnerability of habitats
our habitats were selected for analysis, two
because they support so much biodiversity in
Queensland (eucalypt communities and rainforests)
and two because there is a large body of published
literature about their likely responses to climate change
(mangroves, saltmarshes).

F

4.1

Eucalypt
communities

ucalypts are defined here as genera Eucalypus,
Corymbia, Angophora. They rose to prominence
during the late Miocene, when the climate became
cooler and drier following the very warm wet conditions
of the early Miocene, when rainforest dominated (Martin
2006). The family to which they belong – Myrtaceae –
was prominent in Tertiary rainforests, but some members
adapted very successfully to increasing aridity and
climatic variability.

E

The vulnerability of eucalypts to climate change is often
difficult to assess (section 5 discusses some of the
uncertainties). Their distributions often do not clearly
match climatic boundaries. A small number of species
have very large distributions, and these tend to conform
with gradients of temperature and rainfall availability,
but most species have small distributions that are not
so readily explained. Distributions are often fragmented,
with scattered populations sometimes separated by large
distances, indicating range contractions in response to
past climate change, competition, or both.
Competition probably exerts a strong influence on
distributions at a variety of scales. Eucalyptus is the
largest genus of large trees on earth after the figs (Ficus),
which are spread over several continents, creating more
potential for competition in Australian woodlands than
on any other continent. Evidence for competition on
a local scale has been obtained from various studies,
as discussed in section 5 (Parsons and Rowan 1968;
Parsons 1969; Parsons 1981; Kirkpatrick and Gibson
1999). The disjunct distributions of relict lineages
and mallees also strongly suggest the influence of
competition (see section 5).
Various studies of eucalypts and soils show that soil
types or parent geology exert a clear influence on local
distributions, but not that soil types impose major
limits on distributions. In Western Australia, karri
(E. diversicolor) can grow in drier regions on clay soils

than it can on sandy soils, showing that soil can set
ultimate limits, although it is water availability that trees
are responding to (Churchill 1968). Parsons and Rowan
(1968) found that ‘relatively subtle soil differences’
appear to control the distribution of different mallee
eucalypts in Western Victoria, but that two species
confined there to deep sand occur on a wide range
of soils in South Australia, implying that competition
can restrict species to the soils they are best suited to.
Parsons (1981) has since stated that ‘climate (probably
rainfall in particular) seems to be the most important
factor determining the overall distribution limits’ of
mallees, and that no species appears to be confined to a
narrow range of soil conditions, unless by competition.
There is no clear evidence to show that high temperatures
limit eucalypt distribution (see sections 3.1 and 5),
although they must do so by influencing competitive
relationships and water availability. Ghanoum et al.
(2010) found that two eucalypt species grew better when
temperatures were raised 4 °C. In Western Australia the
distributions of jarrah (E. marginata), karri (E. diversifolia)
and marri (C. calophylla) match rainfall, not temperature
(Churchill 1968), and in arid Australia the boundary
between the acacia zone and the eucalypt woodland
zone matches rainfall better than anything else (Johnson
and Burrows 1981). These and other lines of evidence
(see section 3) suggest that changing water availability
will influence future eucalypt distribution more strongly
than temperature. As Boland et al. (2006) stated, there is
‘little evidence that high temperatures directly control the
distribution of plants in Australia because there is always
an association with water balance’.
Droughts sometimes cause widespread eucalypt
deaths, and it seems very likely that the western limits
of numerous eucalypt species reflect their capacity to
survive drought. Water availability may also limit some
wet sclerophyll species, including Sydney blue gum
(E. saligna) and red mahogany (E. resinifera), confined to
widely separated damp locations.
Co-existing species often differ in their tolerances.
Strategies used by more successful species to maximise
growth rates, such as rapid exploitation of soil water and
a high canopy to root ratio, increase their vulnerability to
drought.
The most serious drought ever recorded in inland north
Queensland, judging by soil water deficits, occurred
during the 1992–1997 El Niño (Fensham and Holman
1999). The dominant ironbarks (E crebra, E. xanthoclada)
suffered more dieback than associated bloodwoods
(Corymbia erythrophloia) (Rice et al. 2004). Xylem
Climate Change and Queensland Biodiversity
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pressure was greater in bloodwoods than ironbarks,
indicating greater soil water availability, which Rice
et al. attributed to deeper root systems, after noting
that bloodwoods on road cuttings had deep tap roots
while ironbarks had shallower lateral roots. Ironbark
saplings were more drought-resistant than adults, which
produced xylem more efficient at water conductance but
less resistant to cavitation (lethal air bubble formation)
during drought (Rice et al. 2004). When drought is rare,

ironbarks can dominate even though bloodwoods have
deeper roots. But if droughts become more frequent
or more severe, the high-growth, high-risk strategy of
ironbarks could be maladaptive, resulting in a shift to a
bloodwood-dominated forest. Strong drought resistance
in trees is associated with high wood density, which
is associated with slow growth rates (Matthews and
Bonser 2005).

Recent drought deaths of ironbarks (top) and poplar box (Eucalyptus populnea) (below) near Alpha in the Desert Uplands probably
show the impact of rising temperatures increasing water stress. Drought deaths occur naturally, but anthopogenic climate change is
probably increasing the death rate by exacerbating water stress. Photo: Queensland Herbarium
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In another example, during severe drought in 1980 most
large blackbutts (E. pilularis) at a site south of Sydney
died, while spotted gums (C. maculata) survived by
shedding leaves to reduce transpiration (Pook 1985).
Blackbutts have been found to practice poor water
conservation, using large volumes at full soil moisture,
with usage remaining high until soil moisture falls
sharply. In mixed spotted gum-blackbutt forests, a shift
to a drier climate would eliminate the blackbutts. Some
spotted gum forests may have featured blackbutts in the
past when climates were wetter.
The co-occurring mallees E. incrassata and E. socialis
likewise differ in their drought tolerance. The first
species grows faster than the second when soil water
is adequate, but succumbs first to drought because it
depletes water faster by growing faster, and invests less
in roots for its size (Parsons 1981).
Messmate stringybark (E. obliqua) provides yet another
example. Near Adelaide, at the south-western edge
of its range, it occurs in stands abutting those of pink
gum (E. fasciculosa), but occupying slightly higher
and thus damper locations (Sinclair 1980). During
drought the stringybarks exhausted their soil water
and suffered substantial leaf death while the pink
gums kept transpiring water without showing stress.
Sinclair (1980) speculated that pink gums have deeper
roots. The stringybarks closed their stomata too late to
avert desiccation and serious leaf damage. Messmate
stringybark is a rare species in Queensland, confined to
mountains near the New South Wales border, from which
it may disappear if rainfall declines.
These examples indicate a considerable potential for
climate change to alter species composition in forests.
In many locations eucalypt composition varies between
upper and lower slopes and between northern and
southern slopes, influenced in part by soil water. Under
climate change many drought-driven shifts are likely.
Dominant eucalypts could be more vulnerable in the
eastern half of Queensland than in drier bioregions where
droughts are so prevalent that a high-risk fast-growth
strategy is not viable. Eucalypt drought deaths almost
never occur in the North-west Highlands, for example
(Dan Kelman pers. comm.). The high vulnerability of
dominant eucalypts is consistent with the oft-cited ‘tradeoff’ between competitive ability and stress tolerance,
whereby ‘competitive dominants are more susceptible to
climate change provided that the novel climate is more
stressful’ (Gilman et al. 2010).
CO2 fertilisation could also alter species composition. Of
the two dominant trees in the Northern Territory savannas,
Darwin stringybark (E. tetradonta) is far more responsive to
elevated CO2 than Darwin woollybutt (E. miniata). Duff et
al. (1994) concluded from this that rising CO2 levels could
promote increasing stringybark dominance.
Some spread of eucalypts in response to climate
change can also be expected, but at a very slow rate,

as eucalypts lack mechanisms for seed dispersal apart
from small wings on bloodwood (Corymbia) seeds.
Green (2009a) found no evidence of snow gum spread
to higher altitudes in the Australian Alps in response
to recent climate change despite fires promoting
seedling establishment. Dominating species such as
silver-leaved ironbark (E. melanophloia) and narrowleaved ironbark (E. crebra) may spread to new areas in
Southeast Queensland and the New England Tablelands
by supplanting mesic species that die en masse during
droughts. But in many regions farms and urban areas are
major barriers to movement, and spread will mainly be
on a local scale. Eucalypts with very small distributions
seem unlikely to spread for the reasons discussed in
section 5. In some regions, for example the North West
Highlands and Channel Country, there are no obvious
eucalypts to enter the region.

Silver-leaved ironbark (E. melanophloia), a dominant tree in
Queensland, may be a form of White’s ironbark (a far more
restricted tree) that retains its broad juvenile leaves into
adulthood. The dwarf mallee form of silver-leaved ironbark,
which only grows a few metres tall, is illustrated in section 6.2.
Photo: DERM

Eucalypts have been known to move through the landscape
as pollen. In Tasmania, where E. risdonii hybridises
with E. amygdalina, Potts and Reid (1988) found that
backcrossing by hybrids ‘resurrected’ E. risdonii 200-300 m
from the nearest E. risdonii stand. Hybridisation is thus
a method of dispersal for E. risdonii, which is ‘invading
favourable habitat islands [dry patches of shallow soil] by
gene flow through a more widespread species’.
Genetic research on eucalypts in Tasmania has revealed
complex patterns of hybridisation and movement. In
the southeast corner of the state, which was a refuge
for eucalypts during glacial cycles, 12 eucalypt species
share haplotypes (consistent genotypes), indicating
widespread hybridisation in the past (McKinnon et al.
2004a). The blue gum (E. globulus) is thought to have
invaded Tasmania from Victoria when a land bridge was
present, and it has hybridised so extensively with one
localised Tasmanian endemic species (E. cordata) that
the latter ‘may be under threat of genetic assimilation’
(McKinnon et al. 2004b).
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Steane et al. (1998) found many shared haplotypes
on mainland southeastern Australia, and tentatively
suggested that extensive interspecific hybridisation had
occurred there as well, although it has not been studied
on the same scale
In Queensland, west of Emerald, a dominant inland
eucalypt, poplar box (E. populnea), grades into the more
northerly Reid River box (E. brownii). In contrast to the
rounded leaves of poplar box, Reid River box has slender
leaves typical of eucalypts. However, a recent study has
found they are the same species (‘a single evolutionary
lineage’) (Holman et al. 2003). Genetic analysis showed
that the variation in leaf form was a consequence of
natural selection and restricted seed-mediated gene flow.
The slender leaves are selected for in the tropics and
broader leaves further south. The genetic evidence also
indicates that ‘interpopulation pollen gene flow occurs
freely’. Under climate change the intermediate zone
may shift, mediated by pollen flow, without any seed
movement occurring.
The same researchers found a similar relationship
between silver-leaved ironbark (E. melanophloia) and
White’s ironbark (E. whitei) in inland woodlands, but have
yet to publish this research. The first species has much
wider leaves (retained juvenile leaves) than the second,
which may prove maladaptive under a hotter drier climate
(Rod Fensham pers. comm.). The two may represent
different growth forms of one species. Climate change
could drive a switch towards adult foliage in silver-leaved
ironbark populations via cross pollination.

prove adaptive, and more extensive hybridisation may
result from disruption and greater overlap of flowering
times, as probably occurred under past climate change
(Pryor and Johnson 1981; McKinnon et al. 2004a).
McKinnon et al. suggested that eucalypt species ‘may
have merged and been resurrected to varying degrees
following the climatic perturbations of the Quaternary
glacial cycles’. The capacity of eucalypts to hybridise could
greatly enhance their capacity to survive climate change
in the absence of migration. Genes that confer adaptation
to aridity could circulate widely. Most eucalypt species
are pollinated by birds as well as insects, and flying foxes
are important pollinators as well. Flying foxes, migratory
honeyeaters and lorikeets have the potential to carry large
volumes of pollen very large distances and between a wide
range of species. The protection of long range pollinators
will facilitate eucalypt survival under climate change.
But noisy miners (Manorina melanocephala), whose
numbers are growing dramatically in Queensland, reduce
cross pollination. By excluding migratory and nomadic
honeyeaters from their small territories they probably
reduce pollen flow between eucalypt stands, limiting the
capacity of trees to produce seedlings adapted for future
climates (Low 2009).

In north-west Queensland Cloncurry box (E. leucophylla)
and silver-leaved box (E. pruinosa) replace each other on a
rainfall gradient. Where they meet, they form a hybrid zone
approximately 20–50 km wide (Dan Kelman pers.comm.).
If rainfall declines, this zone may shift further north-east.
Shepherd et al. (2008) used microsatellite markers to
assess the genetic structure of three species of spotted
gum in eastern Australia (C. citriodora, C. henryi,
C. maculata) and found that genetic structure was
defined by geographic region not by species’ boundaries.
Two stringybarks in NSW, E. resinifera and E. scias, also
have a genetic structure defined by region rather than
species’ boundaries (Le et al. 2009). And two blackbutts
in New South Wales, (E. pilularis and E. pyrocarpa), were
found to represent a single species, despite contrasting
appearances and habitat preferences and a lack of
hybrids (Shepherd and Raymond 2010). These and other
studies imply a high level of gene flow between eucalypt
populations and between ‘species’.
Hybridisation among eucalypts is common, although their
flowering seasons are often staggered to minimise this,
which frequently results in maladaptive offspring. But
under climate change, new genetic combinations may
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An important pollinator of eucalypts is the rainbow lorikeet
(Trichoglossus haemotodus), a relatively large and mobile
nectar-feeding bird that resists attacks by noisy miners. In urban
areas its numbers appear to be increasing at the expense of
those of the smaller scaly-breasted lorikeet (T. chlorolepidotus).
Photo: Jon Norling

4. Vulnerability of habitats
Another attribute of eucalypts that should facilitate
survival under climate change is the capacity of many
species to grow as mallees (small, multi-stemmed trees).
Eucalypts with this growth form often dominate in arid
areas, presumably because they have greater drought
tolerance. Shrubs extend into more arid (and cold) places
on earth than trees, and small mallees are effectively
large shrubs. Many mallee species sometimes grow as
single-stemmed trees, and many typical eucalypts can
grow as mallees under adverse conditions, to the extent
that categorising species can be problematical (Parsons
1981). In the North West Highlands, for example, most
of the common eucalypts resprout as mallees if they are
damaged by fire (Dan Kelman pers. comm.). Silver-leaved
ironbark (E. melanophloia), which is usually a substantial
tree, is represented far west of its main range by an
isolated population near Mt Isa consisting of mallees
(Brooker and Kleinig 2004). This population presumably
survived increasing aridity by adopting a mallee form
(although its isolated location implies that intervening
populations failed to survive). If climate change increases
water stress on eucalypts, many inland populations
should survive by growing as mallees, or as shorter
single-stemmed trees. Pickett et al. (2004) proposed on
pollen evidence that eucalypts survived some ice age
changes in water availability by changing height and
structure rather than by migrating.

Any focus on the future of eucalypts should acknowledge
that eucalyptus rust (Puccinia psidii), a harmful South
American pathogen (Glen et al. 2007), and/or myrtle
rust (Uredo rangelii), is likely to become a problem
in future. This pathogen or group of pathogens is
expected to significantly alter species composition and
structure. In South American eucalypt plantations it
causes widespread death of seedlings and saplings and
damage to coppicing foliage of adult trees. While it is not
predicted to benefit from climate change, and would be
disadvantaged by lower rainfall and confined to coastal
districts, its presence in Australia would influence the
adaptation capacity of eucalypts and other plants in
family Myrtaceae, including Meleleuca, Leptospermum
and Syzygium species, and various threatened species in
other genera (Gossia, Xathostemon). It is likely to reduce
seedling recruitment rates and seedling and sapling
growth rates, and alter competitive relationships between
species that are more or less susceptible. As the main
threat to eucalypt plantations worldwide, it also threatens
the viability of carbon sequestration plantings and
corridors planted to facilitate migration. In Brazil whole
plantations of seedlings have been virtually destroyed
(Glen et al. 2007). Myrtle rust, recorded in 2009 in New
South Wales (Carnegie et al. 2010) and subsequently in
southern Queensland and Cairns, is probably the same
pathogen. It cannot be eradicated. Species proving
highly susceptible to it include the common paperbark
(Melaleuca quinquenervia), an important habitat tree,
and the near-threatened thready-barked myrtle (Gossia
inophloia) of southern rainforests. It is expected
that further strains or pathogens in this complex will
enter Australia, so that even if myrtle rust has limited
environmental impacts, large impacts will occur when the
most virulent strains/species arrive.
The evidence reviewed here suggests that some eucalypt
populations will show considerable resilience to climate
change: eucalypts sometimes thrive under elevated
temperatures (Ghanoum et al. 2010); their distributions
often do not reflect climatic limits; and there is evidence
that pollination, hybridisation and the mallee growth
form sometimes facilitated survival under past climate
change. There is also the potential of rising CO2 to
provide some compensation for declining rainfall by
increasing water availability (see section 3.6). For all
these reasons, attempts to model responses of eucalypts
to climate change are likely to underestimate future
survival. Eucalypts have mobile pollen rather than mobile
seed (see Reid and Potts 1998), and one key to assessing
eucalypt survival under climate change will be a better
understanding of pollination and hybridisation.

Silver-leaved ironbark (Eucalyptus melanophloia) distribution,
showing the disjunct mallee population around Mt Isa, which is
illustrated in section 6.2.
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deaths and heatwaves coincide. Dominating ironbarks
and boxes may increasingly be replaced by more droughttolerant local species, especially bloodwoods (Corymbia
species). It is likely that some bloodwood-dominated
woodlands of today had a different composition during
the Holocene Climatic Optimum when rainfall was higher.
Even if rising CO2 fully compensated eucalypts for declining
rainfall and higher evapotranspiration, which seems very
unlikely, drought deaths can still be expected to occur
because of natural rainfall variability.

4.2

Rainforest

ainforest’ is a collective term that embraces
a continuum of vegetation communities,
including some that require very high rainfall
and others very tolerant of aridity. Responses of
rainforest plants to climate change will thus vary greatly
between species and communities.

‘R

The fossils of cuscuses, tree kangaroos and rainforest
ringtail possums found in the Mt Etna Caves (Hocknull
et al. 2007) imply that until only 280 000 years ago lush
rainforest grew around Rockhampton, a region where little
rainforest exists today. This example shows that rainforest
can be very vulnerable to large shifts in climate, as
occurred during the Pleistocene, when increasing climatic
variability led to droughts of longer duration. Queensland
has many coastal rainforest plants with very small
distributions that probably reflect Pleistocene declines.

Eucalyptus or myrtle rust, shown here infecting coast cherry
(Eugenia reinwardtiana), could alter Australia fundamentally by
greatly reducing survival of eucalypt seedlings. Photo: Department
of Employment, Economic Development and Innovation

But that said, eucalypt deaths on a very wide scale can
be expected under climate change because common
eucalypts achieve domination by maximising their growth
rates in ways that increase their vulnerability to drought.
Deaths of dominant ironbarks (E. crebra, E. melanophloia)
and boxes over very wide areas can be expected, to the
great detriment of associated fauna, especially when tree
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But Bowman et al. (1999b), at a site near Charters Towers
in the Einasleigh Uplands, found that rainforest plants
suffered less damage from a drought than savanna
plants. This is consistent with anecdotal evidence
provided by botanists for this report that eucalypts
often die during droughts but rainforest death is rare.
Queensland Herbarium rainforest botanist Bill McDonald
(pers. comm.) can recall three examples of rainforest
dying, all in Southeast Queensland. In the Yarraman
district many trees died on unusually dry sites in
2008: these included native olives (Olea paniculata),
brush wilga (Geijera salicifolia) and old booyongs
(Argyrodendron trifoliolatum). In Lamington National
Park in about 1991 there were deaths of various rainforest
trees during a drought that killed many eucalypts. Trees
that died included large prickly ashes (Orites excelsus),
turnipwoods (Ackania bidwillii), walking stick palms
(Linopsadix monostachya) and treeferns. Deaths of many
large treeferns (Cyathea Australia, C. leichhardtiana) have
recently been recorded on Kroombit Tops.

4. Vulnerability of habitats

The 2008 drought killed some rainforest species but not others at this site at Upper Yarraman. Within every ecosystem the climatic
tolerances of species vary, and thus their prospects under climate change. Photo: Bill McDonald, Queensland Herbarium

Bruce Wannan (pers. comm.) reported the deaths of
a wide range of rainforest plants on the lower Paluma
Range, where low microphyll araucarian vine forest
(Regional ecosystem 7.12.18) grows on shallow soils and
where the rainfall is markedly seasonal (Goosem et al.
1999) (Table 4). Rainforest deaths attributed to drought
have also been recorded from Dalrymple Heights on
shallow skeletal soils on granite (Brown 1999).
Table 4. Rainforest plant species killed by drought on the
Paluma Range
Canopy Trees
Flindersia ifflaiana, Gmelina fasciculiflora, Litsea fawcettiana,
Terminalia sericocarpa
Subcanopy Trees
Alstonia muelleriana, Chionanthus ramiflora, Myristica
globosa, Polyscias elegans, Ptychosperma elegans
Understory Trees and Shrubs
Alyxia ruscifolia, Chionanthus ramiflora, Cryptocarya
laevigata, Cryptocarya sp., Cupaniopsis flagelliformis,
Flindersia ifflaiana, Glycosmis trifoliata, Ichnocarpus
frutescens, Mallotus philippensis, Mallotus polyadenos,
Pseudoweinmannia lachnocarpa, Ptychosperma elegans,
Rapanea sp., Wilkiea macrophylla
Vines
Calamus caryotoides, Flagellaria indica, Lygodium flexuosum,
Pothos longipes

The few examples of rainforest deaths were far exceeded
by numerous reports of eucalypt drought deaths, across
a region extending from Cape York Peninsula to Brisbane.
This could reflect the fact that eucalypt associations are
far more widespread than rainforest, or that rainforest
trees are usually more conservative in water use than
domineering eucalypts.
Bowman (2000) concluded from the few available
physiological studies that many rainforest trees do not
conform to the archetypical view of moisture dependent
plants because they are ‘physiologically capable of growth
under the high light and high temperature conditions
characteristic of non-rainforest vegetation.’ This conclusion
may not apply in the wettest regions of Queensland.
Bowman noted that plants classified as rainforest species
can be found where the rainfall is below 300 mm per
annum, although in north Queensland Fensham (1995)
found they occurred only where rainfall exceeded about
500 mm. In dry regions the most successful species
are often those that are drought deciduous and/or
have a suckering habit. Examples of the latter include
Macropteranthes, Backhousia angustifolia, Alstonia
constricta, Planchonella and Owenia species and Citrus
glauca (Bill McDonald pers.comm.).
Fire is a more significant cause of recent rainforest death
than drought, and a more important determinant of
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rainforest distribution than rainfall (Bowman 2000). For
example, fire has recently destroyed dry rainforest near
Paluma in the northern Brigalow Belt, reducing the habitat
of the endangered Paluma leaftail (Phyllurus gulbaru)
(Hoskin et al. 2003). But a few rainforest plants with
non-fleshy seeds and light-demanding seedlings may be
adapted to germinate after fire – including Nothofagus
moorei, Araucaria cunninghamii, Grevillea robusta and
Flindersia species (Bill McDonald pers. comm.). Fires
are most obviously damaging to rainforest where weedy
pasture grasses and lantana (Lantana camara) increase
fire intensity. This is a major concern in inland areas, for
example Forty Mile Scrub (Fensham et al. 1994). Fires
fuelled by buffel grass (Pennisetum ciliare) have destroyed
rainforest in Carnarvon National Park, Palm Grove and
Expedition Range. In the Ka Ka Mundi section of Carnarvon
National Park, buffel grass replaced a dry rainforest
remnant that was destroyed by fire (Rhonda Melzer
pers. comm.). The potential of climate change to worsen
buffel grass fires is considered a very serious issue (Low
2008; Bradstock 2010) (see sections 3.5 and 5.5). But dry
rainforests can be expected to survive in many situations
where there is either topographic protection from fire or
good fire management. In wetter rainforests near the coast
green panic (Megathrysus maximus) and lantana increase
the risk of damaging fires where they occur (Lovelock et
al. 2010).
Across much of eastern Queensland, where fires burn
less often, rainforest is invading adjacent eucalypt
forests (Harrington and Sanderson 1994; Hopkins et al.
1996; Stanton and Fell 2005). It is questionable whether
projected declines in rainfall will reverse this process,
although they should slow it. But rising CO2 levels could
increase the rate at which rainforest expands. Rainforest
declines are likely in inland Queensland, in dry rainforests
in some eastern locations, and perhaps on the western
edges of upland rainforests. But fire management is likely
to exert a stronger influence on rainforest area than climate
change in eastern bioregions. These issues are discussed
further in some bioregional summaries.
Rising temperatures are very unlikely to threaten
rainforest plants directly (see section 3.1), because
experiments indicate that rainforest plants, like other
plants, grow best at much higher temperatures than
they usually experience (Cunningham and Read 2002;
see section 3.1), raising doubts about suggestions that
growth rates will decline (Clark 2004), a point contested
by Lloyd and Farquhar (2008). But rising temperatures
will alter competition between species by benefiting
those that are most productive at high temperatures. This
could lead to declines of many high altitude species in
the Wet Tropics, Central Queensland Coast and Southeast
Queensland. CO2 fertilisation, like rising temperatures,
will alter competitive relationships (Hovenden and
Williams 2010). Seedlings, saplings, lianas, and other
plants growing in dim light are especially likely to benefit
(Lewis et al. 2004; Lloyd and Farquhar 2008; Korner
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2009), with unpredictable consequences for rainforest
structure and composition.
Those rainforest trees in southern Queensland classified
as ‘temperate’, because they have southern distributions
(for example Nothofagus, Doryphora, Atherosperma,
Ceratopetalum) might appear very vulnerable to
increased competition, except they usually have a
suckering habit (Johnston and Lacey 1983). They are
survivors from a much larger temperate flora, well
represented in the fossil record, that have persisted
apparently because the suckering habit allows for
continuous vegetative reproduction (Bill McDonald pers.
comm.), although seedling regeneration also occurs.
Individual plants may be thousands of years old, as is
the case for some plunkett mallee stands (Smith et al.
2003). Entrenched trees can thus resist competition,
which operates mainly among seedlings and saplings.
The large root stocks of suckering trees also confer
good drought resistence. But their relict distributions
in Queensland (see section 6.13) imply that many local
population extinctions have occurred, presumably during
Pleistocene arid periods.
Weeds are likely to be among the species that benefit
from changing competitive relationships. Camphor
laurel (Cinnamomum camphora), cats-claw creeper
(Macfadyena unguis-cati), Chinese elm (Celtis sinensis)
and pond apple (Annona glabra) are examples of weeds
that are highly invasive on rainforest edges, and which
could increase their competitive edge under climate
change (although some could be disadvantaged).
In Southeast Queensland and the Wet Tropics, large
numbers of garden plants have the potential to become
serious weeds of rainforest edges. More intense cyclones
and floods can also be expected to increase weed
invasion of rainforest (Low 2008; Murphy et al. 2008).
Miconia (Miconia calvescens), a major weed targeted
for eradication, spread after Cyclone Larry struck north
Queensland (Murphy et al. 2008), and harungana
(Harungana madagascariensis) and cecropia (Cecropia
species) are also known to invade rainforest after cyclone
damage. Low (2008) noted of pond apple (Annona
glabra) that its seedlings ‘germinate en masse inside
north Queensland’s rainforests but seldom mature unless
light levels are increased by canopy damage.’
Rainforest plants have more potential than eucalypts to
spread southwards or upslope in response to climate
change because a majority of species produce fleshy
fruits with seeds dispersed by birds and flying foxes.
But many of the weeds that invade rainforest are
also dispersed by birds (for example camphor laurel,
Chinese elm, lantana, pond apple, miconia, cecropia
and harungana), and in rural landscapes weeds have
more potential to benefit from bird dispersal than
native species. They could also benefit from higher CO2
increasing their potential to grow in the dim light of
rainforest remnants.

4. Vulnerability of habitats

The inland vine thickets found where rock provides some protection from fire, as here at Chillagoe, look very different from rainforests
near the east coast, and are much more tolerant of drought, but nonetheless rate as rainforest communities. These ‘dry rainforest’
plants may increasingly replace drought susceptible species in rainforests further east. Photo: Tim Low

As temperatures and C02 rise, rocky barriers that previously limited the reach of fire into rainforest may lose effectiveness. Here,
scattered rocks mark the boundary between dry rainforest and savanna in the Dulcie River catchment on Cape York Peninsula. Photo:
Barry Lyon

Climate Change and Queensland Biodiversity

47

4. Vulnerability of habitats

The fossil pollen record indicates that mangrove habitats expand when sea levels rise. Photo: DERM

4.3

Mangroves

orthern Australia has a very diverse mangrove
flora, with 57% of all mangrove species
on earth represented (Steffen et al. 2009).
Mangroves in Queensland are likely to benefit overall
from sea level rise, and also from rising carbon dioxide,
higher temperatures and fewer cyclones. They will be
disadvantaged if long term declines in rainfall occur, and
by more severe cyclones.

N

Pollen records from marine sediments sampled around
the northern Australian coastline provide evidence of vast
mangrove forests, more extensive than those of today,
from the period following the Last Glacial Maximum when
rising seas inundated the continental shelf (Woodroffe
et al. 1985; Grindrod et al. 1999). Grindrod et al. noted
‘the repeated coincidence of high mangrove phases
with periods of significant sea-level rise, compared with
very low representation of mangroves during periods
of sea-level lowering and in the late Holocene period of
48

Climate Change and Queensland Biodiversity

relative sea-level stability.’ This association led Crowley
(1996) to conclude that, ‘In the short term, mangroves
may be threatened by human influences, but any change
in climate leading to a gradual change in sea level should
again provide conditions for expansion of mangrove
habitats across northern Australia.’ In a review of
mangrove vulnerability to climate change commissioned
by the Great Barrier Reef Marine Park Authority, Lovelock
and Ellison (2007) predicted an increase in total area
of mangrove forest. Large gains can be expected in the
estuaries surrounding Townsville and Rockhampton.
The Rhizophoraceae were more successful under high
sea levels than they are today, and this may become
true again in the future (Lovelock and Ellison 2007)
(Queensland genera in this family are Bruguiera, Ceriops,
Rhizophora). The Report Card of Marine Climate Change
for Australia (Poloczanska et al. 2009) also predicted a
landward expansion of mangroves.
These conclusions are at odds with that of a global review
of mangroves and climate change (Gilman et al. 2008),
which identified sea level rise as a serious threat. This

4. Vulnerability of habitats
conclusion was reached because mangroves on most
Pacific and Caribbean islands are not keeping pace
with current sea level rises. In contrast, mangroves in
southeastern and eastern Australia have been increasing
in extent in recent decades, for various reasons, except
where clearing has outpaced landward expansion (Rogers
et al. 2006). Within Queensland, mangrove expansion
has been recorded in the Hinchinbrook Channel
(Saintilan and Williams 1999), in the Pioneer River
Estuary (Jupiter et al. 2007), and in Moreton Bay (EslamiAndargoli et al. 2009), although clearing for industrial
and other developments has resulted in a net loss in the
two latter locations.
In Moreton Bay, for example, aerial photography shows,
between 1973 and 1974, 3590 ha of new mangrove
forests, mainly on the landward side of existing mangrove
stands in southern Moreton Bay (Manson et al. 2005).
Manson et al. suggested that sea level rise could be
one reason for this expansion: ‘Even a small sea-level
rise (such as the 0.5mmyr-1 experienced in Moreton Bay
during the 20th century; Saintilan & Williams, 1999)
could cause the inundation of large intertidal areas, due
to the shallow gradients in the upper intertidal zone.’
But most of the mangrove expansion currently occurring
in Australia is not attributed to sea level rise. Proposed
explanations include changes in tidal regimes, catchment
modifications, nutrient enrichment from human activity,
and recolonisation of previously cleared areas. Other
proposed explanations can be linked to changes
in rainfall.
At a series of sites in New South Wales and Victoria,
Rogers et al. (2006) found a correlation between
mangrove expansion into saltmarshes and soil shrinkage,
which they attributed to El Niňo-induced droughts. This
phenomenon has not been described from Queensland.
At three sites in Queensland – the Hinchinbrook Channel
(Saintilan and Williams 1999), Pioneer River (Jupiter et al.
2006), and Moreton Bay (Eslami-Andargoli et al. 2009)
– mangrove expansion has been associated in part with
periods of higher than average rainfall, which facilitates
mangrove invasion of saltmarshes by reducing salinity.
Analysis of aerial photography in Moreton Bay indicated
a much greater increase in mangrove area during the
wet period of 1972–1990 than during the dry years from
1990–2004 (Eslami-Andargoli et al. 2009). These findings
are consistent with evidence from northern Australia that
the ratio of saltmarsh to mangroves consistently reflects
rainfall, with more saltmarsh occurring at drier sites
(Bucher and Saenger 1994).
Mangroves are declining on Pacific and Caribbean islands
because sediment inputs are not keeping pace with sea
level rise (Gilman et al. 2008). In Queensland, in contrast,
estuaries and bays have substantial rivers to deliver
sediment to coastal wetlands. Alongi (2008), in a review
of climate change and mangroves, mapped Pacific and

Caribbean mangroves as most vulnerable and Australian
tropical mangroves as least vulnerable.
Mangrove survival in Queensland will also be facilitated
by the generally flat topography, allowing for spread
inland as seas rise. A survey of 97 estuaries within the
Great Barrier Reef region found that the ratio of saltmarsh
or salt flat to mangrove exceeded one in 30% of
estuaries, which according to Lovelock and Ellison (2007)
‘indicates there is a gently sloping coastal plain that is
currently infrequently inundated but which may allow
for significant expansion of mangroves landward with
sea level rise.’ Lovelock and Ellison did however identify
some sites where the land behind mangroves is too steep
for expansion, or where human modifications will prevent
or limit expansion. Beyond the coastline bounded by
the Great Barrier Reef, the Gulf Plains bioregion has
a flat topography suitable for mangrove movement,
while Southeast Queensland has many human assets
to protect from sea level rise, which may result in the
erection of barriers to prevent seawater incursions.
Mangroves can be expected to benefit in temperate
Queensland from temperature increases. All Australian
species are present in the tropics, and diversity declines
with increasing latitude. The Wet Tropics hosts 27
mangrove tree species (Jones 1971), compared to
seven in Moreton Bay and one in Victoria. Assessing
correlations between mangrove diversity and various
physical variables, Smith and Duke (1987) found a strong
relationship with minimum winter temperatures, which
limit leaf and shoot growth in many mangrove species.
Rising temperatures will facilitate southward spread of
tropical species (Lovelock and Ellison 2007). The East
Australian Current readily disperses seeds and seedlings.
Southward spread of mangrove trees could facilitate
southward movement of mangrove associated fauna.

The red-headed honeyeater (Myzomela erythrocephala) is a
northern mangrove bird that could benefit if mangrove habitat
increases. Photo: Jon Norling
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High summer temperatures in north Queensland could
reduce mangrove productivity by exceeding the optimal
leaf temperature for photosynthesis, which ‘is believed to
be between 28 and 32 8 °C, while photosynthesis ceases
when leaf temperatures reach 38–40.8 °C’ (Gilman et al.
2008). Leaves in the sun often reach higher than ambient
temperatures. However, mangroves are well adapted
to heat: in experiments subjecting mangrove leaves to
extreme temperatures (summarised in Hutchings and
Saenger 1987), all tested species ‘showed a very high
degree of heat tolerance compared with other plants
tested by the same technique, and ... mangroves appear
to be at the extreme high end of the heat tolerance range
for non-arid tropical plants.’ Although Lovelock and Ellison
(2007) predicted an overall increase in mangroves along
the Great Barrier Reef, they cautioned that losses ‘may
occur if high temperatures and aridity depress mangrove
productivity and if sediment delivery is reduced.’
As C3 plants, all mangrove species have the potential to
benefit significantly from CO2 fertilisation (see section
3.6). Ball et al. (1997) found that seedlings of two
mangrove tree species (Rhizophora apiculata, R. stylosa)
grew more vigorously under elevated CO2, but only under
conditions of low salinity. R. apiculata, which grows on
the landward side of mangrove stands, where salinity
is naturally lower, benefited much more than R. stylosa.
The severe salinity stress under which R. stylosa normally
grows compromises its growth rates, which means it
cannot benefit much from rising CO2 because its growth
is not carbon limited (Ball et al. 1997). In the only other
CO2 experiment with mangroves, Farnsworth et al. (1996)
found that CO2 fertilisation increased the growth rate of
seedlings of a central American mangrove, R. mangle. The
seedlings flowered at one year, two years earlier than the
age at which reproductive maturity is usually reached.
Taking account of likely CO2 benefits, Lovelock and
Ellison (2007) concluded about the Great Barrier Reef
that ‘upstream productivity and expansion of mangroves
into fresh and brackish wetlands could occur at an
accelerating pace’. Mangrove forests may become taller
on their landward edges without changing much along
their seaward edges. Increased productivity could help
mangroves shift landwards in response to sea level rise,
although the only species to benefit would be those
adapted to low salinities. While the CO2 stimulation of
growth in R. apiculata recorded by Ball et al. (1997) was
substantial (36% increase under high humidity, 70% under
low humidity), leading them to conclude that ‘substantial
change’ would occur in mangrove stands, their experiment
was conducted on glasshouse seedlings, and it is not
possible to predict whether the same growth stimulus will
occur under more realistic conditions.
Catastrophic destruction of mangroves by storms has
been recorded in the Caribbean and Bangladesh (Lovelock
and Ellison 2007), but not Australia. The incidence of
tropical cyclones in eastern Australia has apparently
declined since the 1970s due to more frequent El Niños
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(Nicholls et al. 1998), although it is uncertain whether
this trend will continue, as global climate models are not
consistent in projections of future El Niño frequencies
(Vecchi and Wittenberg 2010).. A continuing decline in
cyclone incidence would benefit mangroves, except if, as
projected, an increasing proportion of cyclones fall into
the more intense categories (Walsh et al. 2004; CSIRO and
Australian Bureau of Meteorology 2007).
Smith and Duke (1987) found a reverse correlation
between mangrove diversity and frequency of cyclones
in Australia. On the MacArthur River, Cyclone Kathy
caused the death of about 80% of trees in family
Rhizophoraceae, but far fewer deaths of Avicennia
marina and Excoecaria agallocha (Smith and Duke 1987).
The Rhizophoraceae are more vulnerable than other
mangroves to cyclone damage because they cannot
resprout. The Asian Tsunami, which was comparable in
some impacts to an extreme cyclone, caused mass death
in the South Andaman of Rhizophora trees, because of
continuous inundation, but stands of Avicennia marina
and Sonneratia alba behind the Rhizophora were not
affected (Alongi 2008).
As noted in section 2.4, palaeorecords indicate that
cyclone intensities have been unusually low since 1800.
Cyclones of greater intensity than any recorded since
European settlement can be expected in the future as
part of the natural climate cycle, and these are likely
to prove very destructive to mangrove stands. Elevated
CO2 levels will enhance recovery from such events, but if
rainfall declines along the Queensland coast the recovery
of backzone mangroves will be slowed.
Mangroves are likely to benefit from growing public
concerns about climate change. Williams et al. (2007)
noted that when tropical cyclone Larry crossed the
Queensland coast in 2006, commercial, recreational
and naval vessels in the port of Cairns, 60 km
north of the cyclone’s eye, were protected from the
destructive winds by deep mangrove creeks. Williams
et al. used this example to promote the importance of
mangrove protection.

4.4

Saltmarshes

ike mangroves, saltmarshes have the potential
to relocate landwards in response to rising sea
levels. But because they occupy higher land than
mangroves, their relocation will more often be blocked
by seawalls and other human infrastructure, as well as by
steep land. Mangrove encroachment into saltmarshes is
occurring at various locations in Queensland, for a variety
of reasons including higher rainfall, and this process,
in combination with barriers to landward movement,
suggests that climate change will reduce the extent of
saltmarsh in many areas.

L
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As a transition zone between land and sea, saltmarshes
face immediate impacts from sea-level rise. In a global
review of saltmarshes and climate change, Simas et
al. (2001) expressed optimism that saltmarshes could
survive sea level rise, provided worst case climate change
scenarios were avoided, which now seem increasingly
unlikely. Hughes (2004) also expressed some optimism
that saltmarshes can survive sea level rise by migrating
landward, based on evidence of saltmarsh accretion
in England.
However, in southeastern Australia, saltmarshes have
declined dramatically because of mangrove invasion, as
mentioned in the previous section. Most estuaries have
lost between 25% and 80% of their saltmarsh in recent
decades in a phenomenon attributed largely to El Niño
drought driven soil compaction (Rogers et al. 2006). In
New South Wales, where development is adding to the
losses, coastal saltmarsh has been listed an endangered
Ecological Community. Saltmarsh loss from mangrove
encroachment has also been recorded in Queensland.
In the Hinchinbrook Channel, a 78% decrease in salt
pan from 1943 to 1991 was attributed to an increase
in annual rainfall (Saintilan and Williams 1999).
Saltmarsh decline in Moreton Bay was also attributed
to above-average rainfall, which facilitated mangrove
seedling establishment by reducing substrate salinity
(Eslami-Andargoli et al. 2009). Landward expansion
of saltmarshes is apparently not occurring, or not on a
measurable scale.

mean minimum and maximum temperatures, but not
rainfall and evaporation, were important determinants
of species’ distributions. Characteristic northern
species include Tecticornia australasica, Fimbristylis
polytrichoides, Fimbristylis ferruginea, Portulaca bicolor,
Batis agrillicola, Xerochloa imberis. Characteristic
southern species include Samolus repens, Apium
prostratum, Myoporum insulare. Saintilan suggested that
diversity in northern Australia is lower because of the
extreme climate, with hypersaline conditions during the
dry season.
The extent of mangrove invasion of saltmarshes
will be determined by rainfall changes: increases
will benefit mangroves and decreases will benefit
saltmarshes. Extreme temperatures in north Queensland
could also benefit saltmarshes over mangroves by
increasing evaporation.

Under rising sea levels, mangrove encroachment on
saltmarshes may occur more rapidly than saltmarsh
expansion into higher land, which may be occupied
by paperbark forests or freshwater sedgelands. Salt
water quickly kills paperbarks, but the presence of dead
trees would impede colonisation by saltmarsh plants.
Rising sea levels could thus result in a contraction of the
saltmarsh zone until some decades after future sea levels
stabilised. This would have significant consequences for
fauna such as waders.
As noted in the previous section, higher temperatures
and C02 fertilisation are also likely to facilitate mangrove
expansion into saltmarshes.
Temperature appears to exert a strong influence on
the distribution of saltmarsh plants, as it does on
mangroves. Saintilan (2009), assessing their distribution
by IBRA region, found ‘a north-south divide dissecting
the continent at the latitude of 23° south [close to
Rockhampton], separating a species-rich southern flora
from a species-poor northern flora.’ He concluded that

A dominant plant of saltmarshes, samphire (Sarcocornia
quinqueflora) has a distribution extending from Cape York to
Tasmania, implying unusually wide climatic tolerances.
Photo: Tim Low

Climate Change and Queensland Biodiversity

51

5. Ecological framework

Eungella National Park west of Mackay is missing many rainforest species found further north in the Wet Tropics and further
south in Southeast Queensland. The lack of satin bowerbirds (Ptilonorhynchus violaceus), yellow-throated scrubwrens (Sericornis
citreogularis), pale-yellow robins (Tregellasia capito) and tiger quolls (Dasyurus maculatus) among others implies extinctions during
arid glacials and failure to recolonise during the current suitable climate. An absence can indicate climatic unsuitability in the past
rather than the present. Photo: DERM

limate change biology is a very new discipline
that is still developing its guiding principles.
A common assumption facing growing scrutiny
is the belief that the distribution of a species indicates
its climatic limits. A plant that grows only where mean
temperatures range from 15–20 °C is expected to require
the same temperature range in future. This assumption is
central to the many climate suitability modelling studies
that predict extinction for large numbers of species with
small ranges and limited opportunities to migrate, for
example Thomas et al. (2004) and Williams et al. (2003).
But these modelling studies have attracted criticism
from many biologists (Davis et al. 1998; Chambers et
al. 2005; Hampe and Petit 2005; Heikkinen et al. 2006;
Ibanez et al. 2006; Lewis 2006; Araujo and Luoto 2007;
Sutherst et al. 2007b; Pearman et al. 2008a; Elith and
Leathwick 2009; Jackson et al. 2009; Lavergne et al.
2010; Austin and Van Niel 2011) raising questions about a
wide range of modelling assumptions. Dunlop and Brown
(2007, page 60), in their major report about Australia’s
reserve system, warn that ‘predictions from these models
are based on many contested assumptions and it is
unclear to what extent they reveal how likely potentially
important distribution changes might be’.

C

While it is obvious that all species have limits to their
tolerances, it is not always the case that the distribution
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of a species indicates those limits. If constraints are
imposed by competition, food sources, physical barriers,
soil, fire, or historical events then a distribution map
will not accurately reflect climatic tolerances. A species
may sometimes be able to survive a mean temperature
increase of 3°C, for example, without migrating or
evolving or adapting its behaviour.
Species are said to have a fundamental niche and a
realised (or actual) niche. The fundamental niche is the
full range of environmental conditions under which a
species can survive and reproduce (Pearson and Dawson
2003; Steffen et al. 2009). The realised niche is the
environmental space actually occupied, which may be
much smaller if a species is locked out of part of its
potential range by any of the factors mentioned above.
Modelling studies assume either that the fundamental
and realised niches coincide, or that the influences on
the realised niche are climatically consistent. Some
studies do, however, acknowledge that their findings may
not hold if observed distributions differ from fundamental
niches (for example Hughes et al. 1996).
Queensland has large numbers of species, especially
plants, invertebrates and reptiles, with very small
distributions. If their distributions are limited by climate,
the changes projected by 2070 (including a 2.8–3.6°C
temperature rise, see sections 2.1 and 6) will push

5. Ecological framework
many towards extinction unless they can migrate or
are translocated. If, on the other hand, their small
distributions show the influence of factors other than
climate, such that their realised niches are much smaller
than their fundamental niches, their prospects of survival
are much greater. The relationship between distribution
and climatic tolerances is thus central to any assessment
of vulnerability of Queensland species.
This uncertainty is well recognised in Australia. Steffen
et al. (2009, page 89), in a major review about climate
change and Australian biodiversity, commented on the
modelling study of Hughes et al (1996), in which it was
suggested that large numbers of eucalypts with very
small distributions may face extinction from a 2–3 °C rise
in temperature:
many of Australia’s endemic species have adapted to a
highly variable climate, especially in arid and semi-arid
regions, and thus may have greater resistance to climate
variability than their narrow ranges might otherwise
suggest. In addition, their narrow ranges may be due to
species-species interactions rather to their fundamental
environmental niche.

5.1.1 Climatically incoherent

distributions
Many plants in Queensland have distributions that
are climatically incoherent (Table 5, Table 6, Map 5),
with populations scattered in inconsistent locations,
suggesting that climatic limits to distribution have
been obscured by other influences. (Survey work in
Queensland is so advanced that large gaps in distribution
are taken here to represent genuine absences rather than
lack of search effort or losses from land clearing. Species
are often absent from reserves subject to major surveys.)
The incoherent distributions, found especially among
reptiles and large numbers of plants including eucalypts,
undermine the assumption that species are most
vulnerable on the edges of their ranges by showing it was
often not so in the past. The comment made by Pryor and
Johnson (1981) about Hilgrove gum (E. michaeliana), that
it occurs ‘in sites of which the peculiar features held in
common are not very apparent’, could be made about
many plants in Queensland.

Steffen et al. (2009, page 79) also noted that we
are particularly ignorant about what currently limits
distributions of Australian species. It is possible that
well-studied species distributions in North America
and Europe are more informative about climatic limits
than Australian distributions, leading to misleading
conclusions when Northern Hemisphere paradigms are
applied in Australia. Distributions in cold climates are
thought to reflect climate more often than distributions
nearer the Equator (Araujo and Luoto 2007; Woodward
1998).
The following section reviews evidence suggesting that
many distributions do not reflect climatic limits. It is
followed by a section on reasons why this might be so,
followed by a section on the management implications.

5.1

A

The evidence base
t least five lines of evidence indicate that many
distributions in Australia do not indicate climatic
limits:

1. Climatically incoherent distributions
2. Invasive species distributions
3. Experimental evidence
4. Genetic evidence
5. Fossil evidence

The agile wallaby (Macropus agilis) is not found south of the
Gladstone area, except for island populations in Moreton Bay.
Competition with the red-necked wallaby (M. rufogriseus) may
help explain its absence from mainland southern Queensland.
Photo: Brett Taylor

Climate Change and Queensland Biodiversity

53

5. Ecological framework
Table 5. Examples of species with climatically incoherent
distributions
Species

Distribution

Southern brown bandicoot
(Isoodon obesulus)

north Qld,
southern Australia

Northern hairy-nosed wombat
(Lasiorhinus krefftii)

near Clermont, St George,
Jerilderie

Agile wallaby (Macropus agilis)

tropical Qld, Moreton Bay
islands

Yellow-footed rock-wallaby
(Petrogale xanthopus)

central Qld,
western NSW, SA

White-footed dunnart
(Sminthopsis leucopus)

north Qld, southern NSW
to Tas

Yellow chat (Epthianura crocea)

Curtis Island, western Qld

Marbled frogmouth (Podargus
ocellatus)

Cape York Peninsula,
southern Qld, northern
NSW

Clay-soil striped skink (Ctenotus
helenae)

northwest and southwest
Qld

Burrowing skink (Lerista
karlschmidti)

Townsville, NT

Storr’s monitor (Varanus storri)

northwest and northeast
Qld

Bertya sharpeana

Mt Coolum (Sunshine
Coast), Mackay district

Paintbrushes (Burmannia
disticha)

southern Qld, western
Cape York Peninsula

Pumpkin gum (Eucalyptus
pachycalyx)

4 sites widely spread
across Qld and NSW

Creeping necklace fern (Lindsaea
repens)

Fraser Island, Cape
Tribulation, Cape York
Peninsula

Resurrection grass (Micraira
subulifolia)

north Qld,
Glasshouse Mountains

Pseudanthus ligulatus

tropical Qld,
Glasshouse Mountains

Psychotria lorentzii

Lizard Island, New
Guinea

Bertya sharpeana (Mt Coolum)

Map 5. Examples of plants with climatically incoherent
distributions. Some of these plants have distributions extending
beyond the area shown on the map.

Burmannia disticha
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Eucalyptus pachycalyx

Lindsaea repens

Hibbertia sp. (Girraween NP D.Halford+ Q1611).

Pseudanthus ligulatus
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Pumpkin gum (E. pachycalyx) is one example, occurring
in four locations in eastern Australia: on the western
side of the Atherton Tableland in the Wet Tropics, on
one plateau near Tambo in the western Brigalow Belt,
at three sites near Mundubbera in the eastern Brigalow
Belt, and on one small sandstone range in northern
NSW. It is evidently a relict species, one that was more
widespread in the past. The southern brown bandicoot
(Isoodon obesulus) occurs in far north Queensland and
in southern Australia, but not in between, although
its fossil record indicates a much wider distribution in
the past (Van Dyck and Strahan 2008). The burrowing
skink (Lerista karlschmidti) occurs only near Townsville
and in the Northern Territory near Darwin. The marbled
frogmouth (Podargus ocellatus) has a population on Cape
York Peninsula (and New Guinea) and a southern one
in the subtropics. At some time in the geological past
when rainforest grew more widely it was probably nearly
continuous along the Queensland coast.
Climate models cannot account for it surviving in the
mountains of southern Queensland and in New Guinea
but not the Wet Tropics in between. However, only a
few birds and mammals have incoherent distributions.
Future genetic analyses will probably show that some of
the disjunct populations represent cryptic unrecognised
species, but this will not alter the circumstance that some
lineages have survived in some places and not others for
reasons other than climate.
The conclusions reached here about disjunct
distributions may also apply to many species with small
coherent distributions. Schwartz et al. (2006) concluded
from modelling studies of North American plants and
birds that large distributions generally reflect climatic
parameters but small ones did not. They noted of
many plants endemic to Florida considered vulnerable
to climate change that ‘we may have insufficient
understanding of the climatic responses of this most
vulnerable component of biological diversity’. This
conclusion could apply to large numbers of rare plants in
Queensland found in locations that are not climatically
distinctive. For example Decaspermum struckoilicum
is an endangered shrub confined to dry rainforest at
a single location, Struck Oil, near Rockhampton. The
location is not a tall mountain or deep gorge and thus
does not have a distinctive climate. The distribution of
this species does not tell us its climatic limits, which
remain unknown. Large distributions in North America
were achieved by mobile species spreading north after
the last ice age into to their climatic limits, but the small
distributions so prevalent in non-glaciated areas such as
Florida and Queensland reflect different influences.
Svenning and Skov (2007), assessing trees in Europe,
also found that climate was reflected in large but not
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small distributions. Trees with small and intermediate
distributions are concentrated in glacial refugia, as
noted earlier, from which they have failed to disperse as
far as current climate would allow. Willner et al. (2009)
concluded that many herbs and shrubs with small
distributions associated with European beech (Fagus
sylvatica) are also evidently ‘limited by postglacial
dispersal rather than by environmental requirements’.
If failure to disperse is a significant influence on small
distributions in Queensland, it would suggest that
some species are more tolerant of aridity than their
distributions imply, since the Last Glacial Maximum
was very arid, with much in southern inland Australia
incapable of supporting trees (Dodson 2001; Byrne et
al. 2008). The Svenning and Skov study area lay north
of 35°N and did not include any subtropical regions
equivalent to Florida or southern Queensland. With
increasing distance from the poles the number of biotic
and other non-climatic influences on distribution are
thought to increase (Araujo and Luoto 2007; Woodward
1998). But some small distributions do show a strong
climatic influence, a point considered further below.
Even where distributions are large and match climatic
gradients, the relationship may be illusory. Chapman
(2010) modelled the distributions of 100 British plants
against invented climatic gradients, and found that
for 86% of plants the species distributions were
‘significantly but erroneously related to the simulated
gradients’. Bahn and McGill (2007) created fictitious
species distributions, based upon real ones but located
randomly within the landscape, and found that these
could be nearly as well explained by environmental
gradients as real ones. Other biologists have noted that
modelling projections can vary greatly with the type of
model used (Heikkinen et al. 2006; Yates et al. 2010) and
the climate scenarios chosen (Beaumont et al. 2008).
These and other studies provide further reasons to be
cautious about assuming that future distributions can be
predicted from current distributions.

5.1.2 Introduced species distributions
The contrasting distributions of invasive species in
their native and invaded ranges represent another
source of information implying that distributions often
do not align with climatic limits. Bioinvasion experts
find that when species become invasive they are not
bound to the climatic envelopes they came from.
Kriticos et al. (2003) explained that when modelling
weed distributions, ‘Including distribution records from
exotic ranges in an analysis provides an opportunity to
identify additional suitable climatic conditions that are
not represented in the native range due to dispersal
barriers or biotic exclusion, and often markedly increases
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the predicted climatically suitable range’. Bradley et
al. (2010) emphasised that when assessing weed risks
under climate change, projections ‘are most accurate
when based on the invasive plants’ distribution in the
geographic range where it is invasive’ and not on the
native distribution.
Rabbits, foxes and hares from Europe now occupy the
dry Australian tropics (Van Dyck and Strahan 2008), and
cane toads (Rhinella marina) are spreading into both
hotter and colder regions than they occupy in their native
range in South America (Urban et al. 2007). Gallagher
(2010) compared the climatic ranges of 26 major weeds
in Australia and found that 20 of these occupied climatic
spaces extending outside those occupied in their
native range. Some species also occupy novel biomes,
for example rubber vine (Crypostegia grandiflora),
which in Queensland occupies tropical and subtropical
grasslands, savannas and shrublands, none of which
are present in its native Madagascar. Beaumont (2009),
Scott (2000) and Michael (1981) also provided examples
of weeds growing outside their native climatic ranges,
including Harrisia cactus (Harrisia martini), which
invades much drier areas in Australia (500 mm rainfall)
than in South America (750 mm).
Translocated Australian species often survive more widely
than would be expected. Green and golden bell frogs
(Litoria aurea), which range north as far as Grafton in
northern New South Wales, have formed feral populations
in the tropics in Vanuatu (Tyler 1976). Long-billed corellas
(Cacatua tenuirostris) which were once confined to
southern New South Wales, Victoria and south-eastern
South Australia, have established feral populations as
far north as Townsville (Barrett et al. 2003). Brush turkeys
from east coast rainforests have been successfully
introduced to Kangaroo Island in South Australia, far from
any rainforest (Low 2002). A wide range of native fish have
been translocated into new catchments in Queensland,
for example saratoga (Scleropages leichhardtii), which
came from one river but is now found in many (Low
2002). Freshwater crayfish such as redclaw (Cherax
quadricarinatus) and yabbies (Cherax destructor) have
been translocated across multiple biome boundaries.
Coast tea-tree (Leptospermum laevigatum) has naturalised
at Cooloola, 600 km north of the northernmost natural
populations at Nambucca Heads in New South Wales,
and Cootamundra wattle (Acacia baileyana), which came
from a small area around Cootamundra in southern
New South Wales now grows wild in every Australian
state; it is invasive around Stanthorpe where minimum
and maximum temperatures are 3 °C higher than at
Cootamundra. The northernmost specimens of silky
oak (Grevillea robusta) registered with the Queensland
Herbarium are from garden escapes at Gladstone and
Theodore, which are much hotter and drier than the places
this subtropical rainforest tree grows in naturally; it is also
a major weed on degraded hillsides in Honolulu.

At the time of European settlement the long-billed corella
(Cacatua tenuirostris) had a small distribution that fell far short
of its climatic tolerances. Aviary escapees have established
flocks in north Queensland, vast distances from its original
range, which was centred in western Victoria. Photo: Jon Norling

Eucalypts are grown around the world in hotter,
drier and colder places than would seem possible
from their native distributions. As mentioned earlier,
Eucalyptus occidentalis, which grows south-east of
Perth, is cultivated in Wadi Arabia and the Sahara
(Zohar et al. 1981). Myall Park Botanic Garden on the
western Darling Downs has great success growing
some plants from wetter climates, giving them water as
seedlings but not thereafter, including wattles (Acacia
concurrens, A. floribunda, A. grandifolia) and tallowwood
(E. microcorys) (Nina Lester pers. comm.). Evidence
from cultivation can be misleading, however, because
assistance is provided to seedlings, which often have
narrower climatic niches than adult plants, showing less
tolerance of drought and extreme temperatures (Jackson
et al. 2009).
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5.1.3 Experimental evidence
A wide range of experiments also suggest that
distributions need not reflect current climatic tolerances.
Plants have been transplanted into forests outside their
current ranges and grown successfully in hotter and
drier places than they normally experience. Seedlings
of two banksia species that were transplanted into drier
locations in Western Australia were still surviving eight
years later in a region with a wet season two months
shorter than they were accustomed to (Lamont et al.
2007). And as noted in section 3.1, plants grown at higher
temperatures usually benefit. For example, Ghannoum
et al. (2008; 2010) found that seedlings of two eucalypts
(E. saligna and E. sideroxylon) grew faster when
temperatures were raised 4 °C (and water was freely
available). Cunningham and Read (2002) found that eight
rainforest trees grew best at much higher temperatures
than would be expected from their distributions. The
experiments consistently indicate that plant distributions
are misleading about temperature tolerances, with plants
achieving higher rather than lower growth rates, when
temperatures are raised.

5.1.4 Genetic evidence
The genetic structure of species in Australia provides
another line of evidence that distributions do not
accurately reflect climatic tolerances. Byrne (2009) noted
that because Australia is so flat, species would have
had to move very large distances under past climate
change to remain within their climatic envelopes, and
the complex genetic structure of populations indicates
that most species did not do so: ‘In the past 700,000
years, most species have ‘stayed put’. That is, they have
persisted through climatic changes in patchy localized
refugia rather than moving long distances’. If species
have survived climate swings in localised refugia spread
across their current range, it is not possible to deduce
their current climatic limits from their current distribution,
because their distributions do not change in direct
response to changes in climate. This conclusion could
apply to large numbers of plant species in Queensland
with small and disjunct distributions that are not centred
on high mountains.
A contrast can be drawn with Northern Hemisphere trees
in glaciated landscapes whose seeds were moved by
birds (Johnson and Webb 1989) and Australian trees
such as Eucalyptus whose seeds lack adaptations for
seed dispersal. Given all the climatic fluctuations of the
Pleistocene, the domination of the Australian landscape
by trees with no adaptations for seed dispersal would
pose a paradox were it assumed that distributions kept
pace with climate. Plant distributions in northern Europe
and North America may reflect climate to a far greater
extent than distributions in Australia.
Byrne (2008) noted that while a majority of genetic studies
in southern Australia show local persistence, some species
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have genetic structures suggesting they were mobile,
including birds, some reptiles and a grasshopper, all of
which evidently expanded large distances from wet refugia
after the LGM. Given their mobility, it is not surprising
that birds in particular have altered their distributions in
response to climate change, and the focus of this section
is more on plants and on non-flying animals, especially
those with small distributions.

5.1.5 Fossil evidence
Drawing upon the fossil evidence, Markgraf and McGlone
et al. (2005) drew attention to a difference between the
glaciated Northern Hemisphere, where species tracked
Pleistocene climate change, and the rest of the world,
where glacial climates were milder. They noted ‘no
good evidence for range migration as a major response
to climate change in the southern continents’, and
concluded that evidence for in situ persistence was most
marked in Australia. Harrison and Goni (2010) compared
global vegetation responses to climatic fluctuations
during the Last Glacial period and noted much stronger
vegetation shifts in the Northern Hemisphere than
in Australia. For example the Dansgaard-Oeschger
cycle19 produced a marked shift from open steppe-like
vegetation to forests or savanna in North America and
Asia, while producing ‘no discernable change’ in tropical
Australia, and merely a shift in abundance of forest
elements at a site in Victoria.

A fossil pollen core extracted from Lake Allom on Fraser Island
indicates that most of the plant species present were there
throughout the Glacial-Interglacial transition, and that they
responded to the dramatic climatic changes by changing in
abundance rather than by migrating. Photo: DERM

Paleontologists studying pollen deposits in Australia
have often concluded that evidence for migration in
response to Pleistocene climatic shifts was limited
(Dunlop and Brown 2007; Byrne 2008). On Fraser Island,
Donders et al. (2006) noted that vegetation response to
the last Glacial-Interglacial transition was immediate,
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‘without any traceable time-lag caused by vegetation
migration’, which they attributed to vegetation expanding
out of local refugia rather than travelling long distances.
Griffith et al. (2004), writing about wallum more generally,
note that ‘vegetative cover throughout the Last Glacial
appears to have been broadly similar to present-day
vegetation in terms of species assemblages.’
These findings are consistent with the genetic studies
(Byrne 2008). They imply that distributions often do
not change in direct response to climate, in which case
they do not indicate climatic limits. It should be noted,
however, that eucalypt pollen can seldom be identified to
species, and the above conclusions are not based upon
analyses of eucalypts.
It should also be noted that some fossil records do
show evidence of migration. Bilbies (Macrotis lagotis,
Chaeropus ecaudatus), western barred bandicoots
(Perameles bougainville) and earless dragons
(Tympanocryptis) are examples of arid zone species that
occurred near Rockhampton during the late Pleistocene
(Hocknull 2005), and western barred bandicoots also
occupied the Darling Downs (Price 2005). Distribution
records on Cape York Peninsula suggest that species
have spread recently from New Guinea (see section 6.4),
and the DNA structure of some birds and plants does
imply rapid spread (Byrne 2008). The premise in section
6.1 is that migration of species, when it does occur, will
mainly be of arid zone species towards the coast.
In the Northern Hemisphere, attempts to compare
current climatic niches with past climatic niches (based
on fossil records) have produced mixed results. The
fossil distributions of species have in several studies
been modelled against ice age climates to model
predictions of current distribution under current climate,
and current distributions have been used to predict
Pleistocene distributions to see if these match fossil
records. Pearman et al. (2008b) found that ‘model
performance was poor’ for some European plants when
mid-Holocene distributions were predicted from current
data. Martinez-Meyer et al. (2004) claimed good success
when comparing Pleistocene and current mammal
distributions, but conceded that some species showed
such poor correlations that ‘distribution restrictions
may have more to do with factors not directly related to
climate’.
The ‘disharmonious’ or ‘non-analogue’ Pleistocene fossil
faunas and floras found all over the world provide a
different kind of information about climatic tolerances.
In Europe, Asia, North America and Australia the fossil
record commonly shows the coexistence of species that
occupy different climatic zones today (Lundelius 1983;
Graham and Grimm 1990). Unexpected coexistences
have been recorded among mammals, birds, molluscs,
beetles and plants (Graham and Grimm 1990). A
Queensland example is provided by the Pleistocene
bandicoot fauna of the Darling Downs, in which the

long-nosed bandicoot (Perameles nasuta), which favours
damp habitats today, coexisted with the western barred
bandicoot (P. bougainville), a mammal of arid and semiarid environments (Price 2004). Graham and Grimm
(1990) noted from the Northern Hemisphere fossil record
that altitudinal relationships changed as well as wider
distributions: ‘intact vegetation zones do not move up
and down the slopes in response to vegetation change,
but … taxa migrate individually, some more than others.’
They concluded that late-Quaternary global warming
‘caused individual species distributions to change
along environmental gradients in different directions, at
different rates, and over different time periods’. A more
equable climate during the Pleistocene is thought to have
allowed greater coexistence of species (Lundelius 1983;
Graham and Grimm 1990; Price 2004). The contention
of these authors is that climate does limit distribution,
but that different species respond to different climatic
parameters, resulting in coexistence under some climatic
regimes but not others. Another possibility is that species
come closer to realising their fundamental niche under
some climates than others, resulting in different degrees
of overlap between species during different time periods.

5.2

Why distributions
might not reflect
climate

he previous section provides many reasons to
question the assumption that distributions indicate
climatic limits. This section considers reasons why
this might be so. It does so by considering all possible
alternatives to the common assumption, that species are
especially vulnerable at the hottest edges of their ranges
(Steffen et al. 2009). In Australia this is usually taken
to mean their northern limits. The focus is especially on
trees, as the organisms dominating most habitats and
providing resources for other species.

T

The assumption rests on two prior assumptions that can
both be wrong:
• Temperatures are hotter in the north.
• Species are limited in the north by high
temperatures.
The first condition is not necessarily met across much
of Queensland because temperatures do not always
increase with declining latitude. Over most of inland
Queensland, maximum January temperatures increase
on an east to west axis (see Map 6 in section 6.1), and
rainfall declines on the same axis (see Map 7 in section
6.1), and this gradient correlates with more species’
limits than annual mean temperatures, which increase
on a north to south axis. It seems likely that extreme
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summer temperatures would impose more limits on
species’ distributions than mean temperatures (see
section 3.1). Under climate change it therefore seems
likely that many species will contract in range eastwards,
and that western rather than northern populations face
the greatest vulnerability.
High or sheltered land in the north can be cooler and
wetter than land further south, and this provides another
reason why northern populations need not be at high
risk. Many species with disjunct distributions reach their
northern limit in Queensland on the Carnarvon Ranges
section of the Great Dividing Range. Many of these species
do not appear to be especially vulnerable to climate
change because this high range with deep canyons and
permanent water offers more climatic security than many
locations further south (see section 6.12).
Many species with disjunct distributions have
climatically coherent distributions when elevation is
taken into account, or when water availability rather than
temperature is taken to be the limiting condition. But vast
numbers of plant distributions defy explanation even
when these factors are taken into account.

Carnarvon Range offers more climatic security than many
locations further south and east, so northernmost and
westernmost populations found in these ranges are not
necessarily vulnerable to climate change in coming decades.
Photo: DERM

The second assumption, that species are limited in the
north of their range by high temperatures, could be wrong
for many reasons, including:
• Physical Constraints
• Fire
• Limited Dispersal
• Evolutionary history
• Lack of Facilitation
• Competition
• Predators and Pathogens
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In the current debates about climatic modelling,
the failure to consider biotic interactions (species
interactions) is a common theme (eg. Araujo and Luoto
2007; Elith and Leathwick 2009; Davis et al. 1998).
Biotic interactions have been subdivided here into
three categories: lack of facilitation, competition, and
predation and pathogens.

5.2.1 Physical constraints
The distribution limits of many species may be set by
physical barriers rather than by climate. An expanding
species may be limited by a mountain range or by
unsuitable soil. A contracting species may survive where
an unusual physical feature (such as a gorge) preserves
a climatic space that has otherwise disappeared. Under
either circumstance a distribution map may prove
misleading about survival prospects under climate change.
Sixteen plants on the Central Queensland Coast are
confined to the nickel-rich soils of a band of serpentine
hills near Marlborough (Batianoff et al. 2000). These
‘serpentine endemics’, which include cycads, a heath
(Lissanthe), a hakea (Hakea trineura) and a eucalypt
(E. xanthope) presumably lived through recent glacial
cycles without migrating beyond the unusual soils they
are specialised for. They must be tolerant of much colder
and drier conditions than their current locations in the
tropics would indicate, since there is no possibility of
them all having evolved since the last ice age ended
about 12 000 years ago. Kirkpatrick and Brown (1984)
had similar thoughts about three serpentine plants
in Tasmania. The Queensland serpentine endemics
probably lived through slightly warmer conditions than
today during the mid Holocene or last interglacial (see
section 2.1). If serpentine soils extended more widely,
these species would probably occur more widely.
Their distribution limits are set by soil, or by a loss of
competitive advantage on other soil types.
As noted by Thomas (2010) about species restricted to
particular geologies, and other island-like environments:
‘Narrowly distributed endemics associated with these
localized environments may exhibit realized niches that
are a small fraction of their potential climatic niche, such
they their distributions are not immediately affected by
climate change’.
Other plants with very limited habitats include the
halophytic (salt tolerant) plants that grow around the
edges of Lake Buchanan in the Desert Uplands and plants
confined to artesian springs. Byrne et al. (2008) noted
that most extant species in the arid zone evolved prior
to the Pleistocene, and this was also true of rainforest
species (Moritz et al. 2000) and of most species globally
(Klicka and Zink 1997), and if it holds true for the Lake
Buchanan endemics, which seems very likely, then these
plants have also lived through wide climatic fluctuations.
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and the other is physiological evidence showing that
plants have an inherent capacity to function across a
wider range of temperatures than currently operate at one
location (see section 3.1). Some of these species could
have kept within narrow climatic limits during glacial
shifts by migrating up or down mountain slopes and by
moving between hot northern and cool southern slopes,
but not all species have this option. The serpentine
endemics are the clearest example because they occupy
hills rather than mountains with large climatic gradients.
Kirkpatrick and Fowler (1998) invoked unsuitable soils
on the northeast coast of Tasmania to explain why
several eucalypts (E. pulchella, E. tenuiramis, E. cordata,
E. barberi) presently confined to south-eastern Tasmania,
which was a glacial refuge, have not spread along the
coast to northern Tasmania, where the soils and climate
are similar. Mountain ranges, rivers or stretches of sea
could impose similar barriers.
Morton et al. (2011) argue that Australia’s arid zone,
because it is flat and highly weathered, has soils that
are highly sorted with an unusually ‘high degree of local
soil differentiation’. This conclusion would hold true
across large areas of inland Queensland, and would
limit the capacity of plants to migrate in response to
climate change, since plants have preferences for certain
soil types.

Black Mountain has many cool humid climatic spaces beneath
and between its granite boulders. The two lizard and one
frog species confined to this jumble of rocks probably have
more climatic security than some species with much larger
ranges. The nursery frog found here (Cophixalis saxatilis) grows
considerably larger than any nursery frog found in rainforest.
Granite is so hard it erodes to produce much smaller climatic
spaces than sandstone, which is sometimes carved by water into
sheer gorges, as the previous scene showed. Photo: Tim Low

Queensland has hundreds of plants with very small
distributions, usually found either in rainforest or on
highly infertile substrates such as sandstone outcrops
or duricrusts (Peter Young pers. comm.). Many (perhaps
most) of the latter are probably relicts that had wider
distributions in the past, but others probably evolved
vicariantly in a small area and have retained a small
distribution, because suitable soil was limiting. There
are two reasons for believing that plants with small
ranges have wider climatic tolerances than their current
distributions indicate. One is the genetic evidence
showing that most species predate the Pleistocene
(Byrne 2008; Byrne et al. 2008; Klicka and Zink 1997),
implying in situ survival through glacial climate cycles,

As for animals, the distribution of pebble-mound mice
(Pseudomys species) in Australia reflects the distribution
of pebbles at least as much as climate, with summer
rainfall appearing to pose a southern limit, but a lack of
pebbles explaining why the mice are missing from some
places modelled as having a suitable climate. Ford and
Johnson (2007) invoked the presence of past lateritic
surfaces, long since eroded away, to explain how pebblemice come to be on both sides of the Carpentarian plain,
which lacks pebbles today. Three lizards associated with
rocks (Egernia hosmeri, Gehyra nana, Varanus storri) also
occur on opposite sides of this plain (Wilson 2005).
The relict stag beetle Sphaenognathus munchowae is
confined to the Consuelo and Blackdown Tablelands in
the Brigalow Belt, 150 km apart. Moore and Monteith
(2004) interpreted this disjunct distribution as a
consequence of erosion isolating the two plateaus. Many
old plant lineages with disjunct distributions may also
have been isolated by erosion.
The successful translocations of many native freshwater
fish in Queensland (Low 2002) suggest that distribution
limits are often set by catchment boundaries rather
than climatic limits. More than 10 species have been
translocated, some over very large distances. The Burnett
River now has six Queensland species introduced to
the catchment.
As noted before, invasive species often achieve larger
distributions than would be expected from their native
distributions, and bioinvasion experts attribute this
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to geographical barriers as well as biotic interactions
limiting native distributions.
Unusual physical features can preserve climatic spaces
that have otherwise disappeared. Limestone outcrops
near Rockhampton and Biggenden have allowed
Charopid rainforest snails to survive increasing tertiary
aridity by providing moisture, protection from fire, and
an abundant supply of calcium in regions that otherwise
became unfavourable for rainforest snails during the
Tertiary (Stanisic 1990). If limestone occurred more
widely along the east coast ranges Charopid snails would
presumably occur more widely.
Rock outcrops, like caves, provide climatic buffering. It is
unlikely to be by coincidence that the three reptiles in the
Wet Tropics confined to the highest altitudes (Calyptotis
thorntonensis, Eulamprus frerei and Techmarscincus
jigurru) occur only among rocks (most Wet Tropics
reptiles have no association with rocks). Techmarscincus
has its closest relatives in cool southern Australian
environments, which suggests it owes its survival on
Queensland’s highest peak (Mt Bartle Frere) to the
fortuitious presence of rocks. Even though it may require
very low temperatures it may not be threatened by 21st
century climate change. Shoo et al. (2010) reached this
conclusion about the beautiful nursery-frog (Cophixalis
concinnus) which, like Calyptotis thorntonensis, is
confined to Thornton Peak, after finding that the boulders
it shelters under are up to 10 °C cooler than surrounding
habitats. Queensland has large numbers of reptiles and
several frogs confined to rocky habitats, and various
lizards confined to sand patches may also be benefiting
from climatic buffering.
The evidence suggests that many distributions may reflect
physical constraints or features rather than limits imposed
by climate. In such situations the impact of climate change
may be difficult to predict, with species showing greater
resilience than their distributions would imply.

5.2.2 Fire
The distributions of major world biomes accord largely
with climatic tolerances, except that large areas that
could be occupied by tropical forest are covered in
grassland instead (Bond 2008). Regular fires in grassland
prevent trees from establishing in vast areas of Africa,
South America and Asia, and smaller areas in Australia.
Modelling by Bond et al. (2005) suggests that the area of
closed forest on the globe would double in the absence
of fire.
Bowman (2000) argued strongly that the limits of
rainforest in Australia are determined more by fire than
anything else. He concluded that the patchy distribution
of rainforest ‘is the consequence of tens of millions
of years of fires started by lightning and other natural
causes’. The implication is that rainforest plants would
occur more widely in Queensland in the absence of fire.
That dry rainforest patches in inland Queensland are
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often confined to scree slopes, deep gullies and other
fire refugia supports this suggestion. The inland limits
of some rainforest species may reflect availability of fire
refugia rather than direct tolerances for aridity or high
temperatures. These species may be more tolerant of
climate change than their distributions suggest, as noted
in section 4.2.
Fire is probably influencing the distribution of many other
plants as well. In central Australia Prior et al. (2010) have
concluded from survey analysis that ‘fire controls the
distribution of Callitris on the West MacDonnell Ranges’.
In Wallum heathland, Griffith et al. (2004) found that
seedlings of wet heath plants (Leptospermum liversidgei,
Banksia ericifolia) grew better when transplanted into dry
heath, and suggested that fire rather than soil moisture
limits these plants at the local scale.
Aborigines increased the rate of fire and probably
influenced the distribution of vegetation types, at least
on a local scale (Bowman 2000). This may have included
protecting rainforest remnants that would otherwise have
disappeared due to an increasing incidence of natural
fires. In the Daintree region of the Wet Tropics rainforest
replaced eucalypt forest less than a thousand years
ago, which Hopkins et al. (1996) suggest was because
Aboriginal fires retarded the spread of rainforest since
rainfall increased after the Last Glacial Maximum
Changed fire regimes since European settlement are
believed to have contributed to range contractions of
several threatened species, including the Gouldian finch
(Erythrura gouldiae) and eastern bristlebird (Dasyornis
brachypterus) (Garnett and Crowley 2000), providing direct
evidence that fire shapes distributions. Some species
survived in certain regions only because Aboriginal burning
protected Pleistocene habitats from the damaging impacts
of Holocene fire regimes, for example northern cypress
(Callitris intratropica) in the Northern Territory (Bowman
2000). Increasing fire intensity following the collapse
of Aboriginal land management has also caused range
contractions in northern cypress in the Northern Territory,
and Sharp and Bowman (2004) have inferred from this that
some shrubs adapted to sandstone plateaux have also
contracted in range.
This example shows that lack of fire can also influence
distributions. The dramatic contraction in range of the
golden-shouldered parrot (Psephotus chrysopterygius)
is attributed to a reduced incidence of hot fires allowing
paperbarks (Melaleuca viridiflora) to displace grasslands
(Garnett and Crowley 2000), and the northward spread
of glossy black-cockatoos (Calyptorhynchus lathami) in
north Queensland is attributed to a food plant (forest
oak Allocasuarina torulosa) benefiting from reduced
incidence of fire (Garnett et al. 2000).
Fire could often result in plants having a realised niche
that is much smaller than their fundamental niche. An
increasing incidence of fire during the Tertiary could have
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fragmented the distributions of many sclerophyll plants,
with populations surviving where soils were too shallow
or infertile to produce thick enough grass or litter to carry
hot fires. A large proportion of plants in Queensland with
small disjunct ranges are confined to infertile soils, which
could reflect the interplay of changing climate, competition
with other plants, and increasing fire intensity since the
Pliocene (see the later section on competition). And as
noted before, fire has also fragmented rainforests. The
westernmost limits of many rainforest plants and animals
could indicate the westernmost fire refuges, rather than
the climatic limits of these species.
There are reasons for thinking that flammability has
evolved in grasses and eucalypts as an adaptive strategy
to help them compete with other plants, in which case
fire can be considered a form of species competition ,
as articulated by Bowman (2000): ‘Some fire-tolerant
vegetation became fire-adapted and ultimately firepromoting, sealing the fate of most rainforest vegetation.’
But fire is so different from other forms of competition
that it is retained here as a separate category.

5.2.3 Limited dispersal
Species models assume that species distributions are at
equilibrium with the current (pre-anthropogenic) climate
(Heikkinen et al. 2006), but this is often questionable
(Ibanez et al. 2006; Hampe and Petit 2005). Zimmerman
et al. (2010)note of modelling studies that the
‘assumption of equilibrium has been criticized repeatedly
in the past, and several authors have demonstrated that
conclusions made under this assumption can be wrong
(Pearson and Dawson 2003)’. The Last Glacial Maximum
climate was very different, and as Yates et al. (2010) note,
‘Species with limited migration ability or whose ranges
are restricted by physical barriers to migration may take a
long time to reach a new future equilibrium with climate’.
In Tasmania, Reid and Potts (1998) noted that the localised
ranges of some eucalypts are ‘hard to rationalise using
current climatic records, fire history and other environmental
data’, and they interpreted them instead as reflections
of glacial climates. Hope and Kirkpatrick (1988) said of
Australian trees with relatively poor dispersal mechanisms
that range expansions in response to Pleistocene/Holocene
climate change may still be occurring.
In Europe, Svenning and Skov (2007) concluded from
distribution patterns that many tree species have failed
to spread far beyond the climatic refugia in which they
survived the Last Glacial Maximum. They found that
widespread trees had distributions that reflected the
current climate but that restricted trees had distributions
that reflected the climate of the Last Glacial Maximum.
They concluded that ‘LGM climatic conditions after
21,000 years continue to be an important control of the
geographical patterns of tree species richness in Europe.’
Willner et al. (2009) reached similar conclusions about

many herbs and shrubs associated with European beech,
deciding they had not spread far from glacial refugia.
In North America, fossil pollen records and old packrat
nests provide good chronologies of tree spread since
the Last Glacial Maximum (there is no counterpart in
Australia), and they show that some trees spread much
more slowly than others. Chestnuts (Castanea) and
pinyon pine (Pinus edulis) only reached their current
distribution in North America 2000 and 1300 years ago
respectively (Johnson and Webb 1989; Cole 2009). This is
despite birds such as blue jays acting as seed dispersal
agents by caching seeds in the ground beyond the
advancing forest line (Johnson and Webb 1989).
Eucalypts lack any adaptation for seed dispersal by birds
or wind (except for small wings on Corymbia seeds) and
they would be expected to disperse far more slowly than
these American trees, although the dispersal distances
would be shorter given the less severe glacial climates
in Australia. Australia is a global hotspot for plants with
seeds dispersed only by ants (Lengyel et al. 2010), further
suggesting a limited capacity to migrate in synchrony
with glacial cycles. In Queensland, some eucalypts that
contracted eastwards during the Last Glacial Maximum
may have failed to spread as far west as their current
tolerances would allow, in which case their western
boundaries may conceal their tolerances for aridity. The
same could true for shrubs that contracted to the White
Mountains, Carnarvon Ranges, and other refugia. The
unusually ‘high degree of local soil differentiation’ in
arid Australia (Morton et al. 2011) would contribute to
slow migration by imposing many edaphic barriers types.
But many plants have their western-most populations
in locations that appear to represent fortuitous survival
rather than recent expansion, suggesting they are more
likely to contract than expand in future (for example Acacia
penninervis, Choretrum candollei, Lobelia andrewsii,
Melaleuca irbyana, Mirbelia speciosa, Notelaea linearis,
Picris barbarorum, Pimelea neoanglica, Styphelia viridis).
Recent long-range dispersal could also explain why some
species lack a climatically coherent distribution. The
grass Germainia capitata is found only on Torres Strait
islands and on swampy land just north of Bundaberg. It
also grows in New Guinea, Malaya, Thailand, Vietnam,
and China, and may be a recent coloniser of southern
Queensland, with seeds brought south by migratory
waders, that has not filled its potential range.
Historical factors could result in large numbers of species
having distributions that do not reflect their climatic
tolerances. The conclusion of Svenning and Skov (2007)
and Willner et al. (2009), that many plants with small
ranges have distributions that reflect ice age refugia
rather than current climatic tolerances could apply widely
in Queensland, especially to plants that lack mechanisms
for long-distance dispersal of seeds.
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Pimelea neoanglica distribution. The scattered westernmost
records are not in recognised refugia and suggest fortuitous
survival.

But if species are not in equilibrium with current
Holocene climate this could also lead to overly optimistic
expectations about survival. Populations could be
lingering in locations that were climatically suitable
during some earlier cooler and/or wetter period but which
are barely suitable today, irrespective of anthropogenic
change. Dunlop and Brown (2008) proposed that species
are sometimes capable of surviving for 10,000 years or
more ‘in small populations and in regions well outside
their imputed “core” bioclimatic habitat’. This conclusion
is most likely to apply to long-lived trees, especially
those capable of suckering. Plunkett mallee (Eucalyptus
curtisii), Eucryphia jinksii and waddywood (Acacia peuce)
in southern Queensland could be examples. Some stands
of Plunkett mallee consist entirely of clones 4000-7000
years old, with no evidence of reproduction from seed in
that period (Smith et al. 2003). The current climate may
be adequate for adults but inimical to seedlings. E. jinksii
may also be surviving by vegetative reproduction at the
only known location, at Springbrook, where only large
coppicing trees are present. Waddywood is a long-lived
arid-zone wattle that occurs in disjunct stands, with
reproduction seldom occurring at some sites, although
very rare recruitment events may be sufficient to maintain
each stand. The old Antarctic beech stands found in
Queensland are sometimes claimed to have outlived
a climate suitable for reproduction, but some seedling
recruitment is occurring (Bill McDonald pers.comm.),
suggesting otherwise. It is unclear if there are many
populations lingering in locations where the Holocene
climate no longer suits them. This claim has been made
about waddywood and Antarctic beech, but has received
little analysis in the scientific literature.

The distribution of leaftail geckoes (Phyllurus, Saltuarius) can
be very uninformative about current climatic tolerances. There
are no leaftails found in the Conondale, Blackall and D’Aguilar
Ranges of Southeast Queensland, despite ideal rainforest habitat
and climate. The Oakview leaftail (Phyllurus kabikabi, illustrated)
occurs in one small rainforest remnant near Kilkivan to the
north of these ranges, and another leaftail (Saltuarius cornutus)
occurs just to their south in the Border Ranges. The absence of
leaftails from intervening areas is taken as evidence of extreme
rainforest contraction during arid glacials, and a failure of leaftails
to recolonise in wetter periods. The Oakview leaftail survived
because its habitat is very rocky, although it could now be one of
Queensland’s most threatened species, and S. cornutus survived
because extensive rainforest evidently survived on a basalt
plateau. Photo: Gary Cranitch, Queensland Museum
Germainia capitata distribution. The unusual disjunct
distribution may indicate recent colonisation of Australia.
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5.2.4 Evolutionary history

of the world, suggesting that Australian biota are
likely to be intrinsically better adapted to variation
in climate and possibly less ecologically sensitive to
climate extremes.

The climatic tolerances of a species may reflect its
past evolution and not just the climate it currently
experiences. Genetic evidence indicates that polar bears
(Ursus maritimus) evolved only recently from brown bears
(U. arctos) (Talbot and Shields 1996), which may explain
why polar bears can survive summers at Taronga Park Zoo
in Sydney. Brown bears occur as far south as Greece.

Steffen et al. (2009) made a similar comment:

Orange gum (Eucalyptus prava), found in the Granite Belt,
and Bancroft’s red gum (E. bancroftii), which grows in
coastal wallum, are so similar (see Brooker and Kleinig
2004) that until recently they were taken to be the
same species. They have evidently evolved by vicariant
separation, which means that orange gum may prove
better adapted to higher temperatures than its tableland
distribution would suggest.

This conclusion would not apply to montane rainforest,
where climate variation is limited and some species
appear very vulnerable to climate change.

Knight and Ackerly (2002) drew conclusions like
this about plants growing in deserts and coastal
environmentas in California. Finding that tolerance
for high temperatures varied more between genera
than it did between related species from contrasting
environments, they proposed that speciation can occur
without significant physiological adaptation:
‘For example, if ancestral species of the coastal Salvia
and Encelia species were from the desert, and the
capacity for high temperature photosynthetic acclimation
was a neutral character in cool environments (i.e.
no selection for or against the maintenance of that
character), closely related desert and coastal species
might have similar photosynthetic thermotolerance in a
common environment.’
Among eucalypts, genus Corymbia is thought to have
had a northern origin and subgenera Symphomyrtus
and Monocalyptus a cool-wet season progenitor (Gill et
al. 1985), and this ancestry seems to influence climatic
tolerances of species in these groups. Plants in the
eucalypt family (Myrtaceae) are considered in the nursery
trade to be hardier under different climates than plants
in the banksia family (Proteaceae) (Robert Price pers.
comm.), perhaps reflecting different evolutionary pasts.
Couper et al. (2008) suggested that leaftail geckoes
which have evolved to live in rocky habitats will prove
more resilient to climate change than those bound to
rainforest, because they have been exposed to wider
temperature fluctuations in their evolutionary past. The
same comparison could be drawn between open forest
and rainforest species generally.
In a major report on climate change and Australia’s
national reserve system, Dunlop and Brown (2008)
suggested that Australian species in general may prove
very resilient:
Much of Australia has a climate that is far more
variable (greater range) and less predictable (more
between-year variation) than better studied parts

If climate change results in an even drier Australian
climate, the fact that much of the nation’s flora and
fauna is pre-adapted to high aridity could could give
a degree of resilience not found in other parts of
the world.

5.2.5 Lack of facilitation
Some species facilitate the presence of others, by serving
as food, habitat, or providing some other requisite
service (Bertness and Callaway 1994; Bruno et al. 2003).
Butterflies need food plants, and rainforest animals
cannot survive without rainforest plants. No attempt is
made here to list all possible situations where facilitation
may limit distributions, but some of particular interest
are considered.
Lack of soil mycorrhiza could limit some plant
distributions. In New Zealand, the distribution of
Antarctic beech species (Nothofagus species) cannot be
reconciled with current climate, leading Leathwick (2002)
to propose that beeches were displaced from suitable
habitat by Pleistocene glaciations, volcanic eruptions or
tectonic activity, and that recolonisation has been limited
because beeches rely on ectomycorrhizal fungi which are
poorly represented in sites they have not recolonised.
This situation, concluded Leathwick (2002), ‘underline[s]
the difficulty inherent in using current species limits
to predict likely changes in species distributions
consequent on global warming’.
Bowman and Panton (1993) found evidence implying
that savanna soils in the Northern Territory lack the soil
mycorrhiza required by rainforest seedlings, slowing
down their establishment, and proposed this as one
reason why rainforest plants seldom establish in
isolation in eucalypt savannas. Existing rainforests are
expanding into savannas at many sites (Bowman and
Dingle 2006), and this process might well occur at a
faster rate if suitable fungi were available.
Eucalypts and many other Australian plants rely strongly
on mycorrhizal fungi to assist with uptake of nutrients,
and different fungi appear to show preferences for
different eucalypts (Tedersoo et al. 2008). It thus seems
possible that the capacity of eucalypt and rainforest
trees to recolonise suitable areas since the Last
Glacial Maximum could be hindered by slow spread of
mycorrhizal fungi, as Leathwick (2002) proposed for
Nothofagus in New Zealand.
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Lack of pollinators can probably prevent some plants
surviving in suitable areas. In the Mt Lofty Ranges near
Adelaide, winter- and spring-flowering shrubs face an
uncertain future partly because honeyeater numbers have
fallen (Paton 2010). The honeyeaters once fed in summer
and autumn on woodland flowers on nearby plains, but
the plains have been cleared and this nectar source has
gone. This example shows the dependence of pollinating
birds and plants on each other, and the dependence of
plants of one habitat on those in another. In Southeast
Queensland, flying foxes, and probably lorikeets
and honeyeaters as well, rely on common paperbark
(Melaleuca quinquenervia) blossoms in winter when
other nectar is scarce (Booth and Low 2005), and plants
in other habitats that benefit from these pollinators in
other seasons benefit indirectly from the paperbark
stands, which are maintaining pollinator numbers during
the season of greatest shortage. The paperbarks are at
risk from sea level rise.
The extreme rarity of some southern Queensland
rainforest trees with large fruits could indicate loss of
seed dispersal by cassowaries, which disappeared from
southern Queensland during the Pleistocene (Low 1996).

Two parrots that nest only in termite mounds – the
golden-shouldered parrot and the now-extinct paradise
parrot – have distributions that were limited by the
availability of suitable termite mounds for nesting.
A moth (Trisyntopa scatophaga) that breeds only in
mounds of the golden-shouldered parrot is in turn limited
both by parrots and mounds (Olsen 2007).
Many animal and plant species in Australia have
extended their ranges in response to landscape changes,
showing that their previous distributions were limited
by habitat resources, including food, rather than
climate. The following examples come from Low (2002),
which contains supporting citations. Crested pigeons
(Ocyphaps lophotes) in the 19th century were not found
east of Goondiwindi in the Brigalow Belt, but they are
now common birds along the east Australian coast,
having benefited from land clearing providing a suitable
savanna structure on farms and in parks. Other birds
that have spread east in Queensland include galahs,
cockatiels, striped honeyeaters, apostlebirds and redrumped parrots. Glossy black cockatoos, as noted before,
have spread 330 km north from the Eungella Region to
the Paluma Range near Townsville, which Garnett et al.
(2000) attributed to a multiplication of forest oaks on the
Paluma Range after Aboriginal burning ceased. Orchard
swallowtails (Papilio aegeus) and dinghy swallowtails
(Eleppone anactus) have spread into western Queensland
where orange and lemon trees, which their caterpillars
feed upon, have been planted around outback
homesteads. Yellow chats have colonised bulrush beds
along inland bore drains. In Victoria, swamp wallabies
have spread into the dry mallee from wetter habitat
further east. Kangaroo Island in South Australia has been
colonised by 12 bird species that have benefited from
clearing and dams. These examples, and many more that
could be given, suggest that species are often limited by
specific habitat requirements rather than climate.

5.2.6 Competition

The big white fruits of durobby (Syzygium moorei) seem
suited only for cassowaries, whose extinction from southern
Queensland could help explain the very small distribution of
this vulnerable tree. Nurseries recommend it for subtropical
to temperate gardens. Other southern ‘cassowary’ fruits
include Davidsonia pruriens, Endiandra globosa and Syzygium
hodgkinsoniae. Photo: Tim Low
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The fact that invasive species often spread more widely
than would seem possible from their native distributions
(Gallagher et al. 2010) is one line of evidence suggesting
that biotic factors, including competition, limit
distributions. Competition from other toad species in
South America could explain why cane toads (Rhinella
marina) have spread into drier and colder regions in
Australia than they occupy in South America, where they
are considered a rainforest species (Urban et al. 2007).
The phenomenon of ‘biotic release’ in an introduced
range is apparently so common that biologists who
model invasive species distributions routinely mention
it to explain why invasive species spread so widely, as
noted in section 5.1.
Whenever experiments are conducted to test for
it, competition is usually found to be influencing
distributions. In 26 studies reviewed by Sexton et
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al. (2009), competition was found to be limiting
distributions in 23. In a Western Australian example,
Banksia hookeriana, which is restricted to dune tops in
a small area north of Perth, was found in seedling trials
to have no particular preference for these locations,
but to be displaced by other banksia species in other
situations, leading Lamont et al. (1989) to conclude that
its restricted distribution ‘may be attributed to its limited
competitive ability in most available habitats’.
Tasmania has three eucalypts of grassy woodlands that
replace each other at different altitudes. Kirkpatrick and
Gibson (1999) planted seedlings of all three species
at each altitude, and nine years later the eucalypt that
dominates middle altitudes (E. rodwayi) was doing best
at both middle and lower altitudes, after the seedlings
of the lowland species (E. ovata) died, apparently from
drought stress. Kirkpatrick and Gibson concluded that
E. ovata has superior growth rates under warm conditions
when rainfall is adequate. The experiment implied that
E. rodwayi can grow lower down but is normally excluded
by E. ovata.
Parsons (1969) found that seedlings of the red mallee
(E. socialis) grow best in fertile soil, but are excluded from
this soil type in southern Australia by a faster-growing
species (E. incrassata). Parsons and Rowan (1968)
concluded that square-fruited mallee (E. calycogona)
was excluded from one soil type by better adapted
species. Parsons (1981) conducted a number of field and
greenhouse studies on mallees in western Victoria and
concluded that ‘competition plays an important part in
determining the precise correspondence with particular
microhabitats observed within given areas’. These
various experiments suggest that competition among
eucalypts could exert a strong influence on distributions,
although the studies only address competition at a
local scale and do not demonstrate that distribution
boundaries are limited by competition.
In very cold climates, minimum temperatures overshadow
competition as a determinant of plant distributions,
hence the belief of many Northern Hemisphere ecologists
that species are limited by low temperatures in the north
of their ranges and by biotic interactions – especially
competition – at low latitudes (Araujo and Luoto 2007).
Woodward (1988) stated that northern and upper limits
in northern Europe are determined by climate, but ‘In
contrast, the southern and lower altitudinal limits of
upland and northern vegetation are likely to be controlled
by temperature-sensitive competition with southern or
lowland species’. This phenomenon is explained by the
abiotic stress hypothesis (Normand et al. 2009), from
which it can be concluded that fundamental and realised
niches more often coincide in cold than warm places.
Global species diversity increases towards the topics,
creating more potential for competition in Queensland
than in colder places. Schemske et al. (2009) in a major
review of biotic interactions and species diversity, found
strong support for the notion that biotic interactions occur

more at low latitudes. In Queensland, with its sub-tropical
and tropical climate, competition may ultimately determine
many range limits, especially among plants, which are
exposed to large numbers of competitors in most habitats,
especially in eucalypt forests and rainforests. Cunningham
and Read (2002) found that rainforest trees grow best
at much higher temperatures than would be expected
from their distributions (see section 3.1), and suggested
that ‘temperate’ species are excluded from the tropics by
competition from ‘tropical’ species. Their work implies
that competition is a major determinant of rainforest plant
distribution, a conclusion that may hold true in open
forests and woodlands as well.
Where distributions have changed in recent decades,
evidently in response to anthropogenic climate change,
range expansions have greatly exceeded range contractions
in number and scale (Dunlop and Brown 2008). As Thomas
et al. (2006) noted, ‘A consensus has emerged that many
species are expanding their distributions towards the poles
and to high elevations in response to climate change, but
corresponding evidence for range retractions at low-latitude
and low-elevation boundaries has been comparatively
weak’. This is consistent with (low) temperatures exerting
a stronger control over distribution at high latitudes and
on high mountains than elsewhere, since most of the
observations have come from cold regions in the Northern
Hemisphere. So too is the fact that more range changes
have been recorded in northern Europe and North America
than Australia, despite (or because of) higher species
diversity in Australia.
Many of the climatically incoherent distributions in
Queensland can be interpreted as responses to competition.
Some arid-zone plants have small, widely separated
populations embedded within taller coastal or nearcoastal vegetation. An isolated colony of spinifex (Triodia
marginata) grows in wallum heathland near Bundaberg,
far removed from the main distribution of the species
west of the Great Dividing Range. This isolate reflects
the role of history, having evidently survived from an
eastward colonisation of spinifex during an arid ice age
when spinifex may have thrived near the sea. Other arid
zone plants with isolated eastern populations include
mulga (Acacia aneura), brigalow (A. harpophylla), Mitchell
grass (Astrebla pectinata), green mallee (E. viridis) and
weeping pittosporum (Pittosporum angustifolium). Mulga
is arguably Australia’s most successful arid zone plant,
yet it reaches its peak in size and vigour at the eastern
edge of its range (Nix and Austin 1973), where mulga
woodlands grade into much taller poplar box woodland
as rainfall increases. The polar box woodlands seem to
prevent it growing further east, although small populations
do occur in scattered eastern locations, indicating a larger
distribution during arid ice ages. There are also arid-zone
reptiles with isolated eastern populations in unpredictable
places, including tree skinks (Egernia striolata) at
Boondall, a Brisbane coastal suburb. Some inland
saltbushes and grasses are now invading coastal locations
Climate Change and Queensland Biodiversity
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where human changes have removed competition, for
example around Brisbane rail yards. All of these inland
species appear to be capable of surviving successfully in
coastal or near-coastal areas but seem to be excluded from
wider areas by competition from species adapted for a
wetter climate. They suggest the possibility that many arid
species are limited on their eastern edges by competition.
These inland species would have been more competitive
during past arid periods.
Plants with disjunct and scattered or very small
distributions are often heathland plants confined to
infertile soils, as noted previously. Peter Young (pers.
comm.) notes that in the largest bioregion, the Brigalow
Belt, such species are strongly associated with siliceous
soils, and in South-east Queensland endemic species are
mainly associated with rainforest, moist open forest, or
with ‘shrubby communities of low fertility soils’. Some of
these species are listed in Table 6. The distribution limits
of these plants appear to be determined by soil infertility,
but this makes it difficult to explain how disjunct species
came to be distributed between widely separated
locations. Amperea xiphoclada is found in southern
Queensland in the following scattered locations: the
Granite Belt, Mt Barney and Mt Ernest, Stradbroke Island,
Mt Mee, the Burrum Coast near Bundaberg, and Kroombit
Tops. Bertya sharpeana is found only on Mt Coolum on
the Sunshine Coast and on slopes near Mackay. Pumpkin
gum (E. pachycalyx), as mentioned before, occurs in
four widely separated locations in eastern Australia, on
substrates that are always infertile, but which include
gravelly yellow brown soil, and soils derived from
sandstone, granite, and rhyolite.
Long distance dispersal fails to explain so many disjunct
species. Very few have seeds designed to blow on the
wind, and a large proportion have no obvious means
of seed dispersal at all, except often for elaisomes to
attract ants. Seed transport by cyclones or floods could
conceivably explain some odd plant distributions,
but a large proportion of the disjunct plants grow on
elevated residual landscapes that do not flood, in inland
temperate regions seldom reached by cyclonic winds.
These plants must have been more widespread in
the past to achieve such wide distributions, in which
case they must have grown on a wider range of soils,
since the soil types they are confined to today are not
contiguous and often never were. Competition could
help explain why they are more confined today. One
feature of the sites in which they typically grow is their
unsuitability for successful dominating plants such
as Queensland blue gum (E. tereticornis), ironbarks
(E. crebra, E. melanophloia), and kangaroo grass
(Themeda triandra), which prefer fertile soils. Another
attribute of infertile sites is that low plant productivity
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reduces fuel connectivity and thus fire risk. This is
linked to competition because dominant grasses such
as kangaroo grass exploit fire to achieve dominance, as
noted in the previous section on fire. Competition would
have been less intense during each glacial period, when
trees in most places would have been smaller and more
widely spaced, or confined to sheltered gullies (Hope
and Kirkpatrick 1988). There are physiological reasons
for believing that lower water availability and lower CO2
levels during the Last Glacial Maximum would have
favoured shrubs over trees (Williams et al. 2001b), and
during the less intense cold periods they probably spread
more widely.
A pollen sequence from the Pilliga Scrub in inland northern
New South Wales lends support to this scenario, showing
that eucalypts (Eucalyptus, Angophora) dominated the
environment in the warm interglacial and recent Holocene
period, but were replaced during the glacial period by
saltbushes (Chenopods), which evidently spread from the
west (Dodson and Wright 1989). Dodson and Wright found
that ‘Heath taxa such as Hibbertia, Bossiaea, Lomandra,
Xanthorrhoea, and Gonocarpus persisted through the
chenopod phase. This implies that the environmental
change leading to this shift impacted on the trees much
more greatly than on the shrubs.’ No pollen sequences
are available from inland Queensland over the same time
period but the same conclusion probably applied across
most of the state. The glacial periods were not consistently
dry but included periods of varying rainfall (Ayliffe et al.
1998). Mallee eucalypts, which are shorter than other
eucalypts, often approaching the stature of shrubs, would
also have been less limited by competition during ice ages.
All of the mallee eucalypts found in Queensland, except
for a few western species, have extremely small and/or
disjunct distributions (E. bakeri, E. camphora, E. curtisii,
E. infera E. kabiana, E. socialis, E. viridis) that could reflect
increasing competition from taller eucalypts under a
warmer wetter climate.
Even without invoking ice ages, competition is likely to
explain many small distributions. Eucalypts that lack
close relatives, and which are thus likely to be old relict
lineages, are often those with the most idiosyncratic
distributions, which can be very small (E. argophloia,
E. hallii, E. rubiginosa, E. sphaerocarpa), or very disjunct
(E. curtisii, E. michaeliana, E. pachycalyx) (see Brooker and
Kleinig 2004). The unusual distribution of the pumpkin
gum (E.pachycalyx) is best explained as that of a very old
species displaced from most of its range by more recently
evolved, more-competitive species. Pryor and Johnson
(1981) stated that competition limits eucalypts with very
small ranges: ‘Some of these restricted species have the
physiological capacity to perform well in a wide range of
habitats when removed from the competitive constraints of
the surrounding eucalypt populations.’
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Table 6. Examples of plants and reptiles with distributions that
are not climatically coherent
Plants

The distribution of Triodia marginata suggests eastward spread
during ice ages and fortuitous survival of one coastal population
near Burrum Heads.

Reptiles

Acacia grandifolia
A. maranoensis
A. striatifolia
A. triptera
Adriana urticoides
Amperea
xiphoclada
Angophora
leiocarpa
Araucaria bidwillii
Arthraxon hispidus
Astrotricha cordata
A. intermedia
Bertya opponens
B. pedicellata
Boronia
occidentalis
Callitris endlicheri
Carex fascicularis
Comesperma
esulifolium
Coopernookia
scabridiuscula
Crowea exalata
Dodonaea
polyandra
Eriachne insularis
Eucalyptus
ammophila
E. beaniana
E. corynodes
E. intertexta
E. melanoleuca
E. microcarpa
E. pachycalyx
E. panda
E. quadricostata

E. rhombica
E. sicilifolia
E. taurina
E. virens
Germainia capitata
Gompholobium
aspalathoides
Gonocarpus
acanthocarpus
G. elatus
G. teucrioides
Hemigenia
cuneifolia
Hibbertia patens
Ipomoea
diamantinensis
Ipomoea polpha
Leucopogon
imbricatus
Lobelia andrewsii
Melaleuca irbyana
M. viminalis
Notelaea linearis
Pandanus
lauterbachi
Picris barbarorum
Prostanthera
saxicola
Pseudanthus
ligulatus
Sarga leiocladum
Striga curviflora
Thelypteris
confluens
Triodia marginata
Wahlenbergia
islensis

Antairoserpens
warro
Crenadactylus
ocellatus
Ctenotus alacer
C. brachyonyx
C. decaneurus
C. inornatus
C. joanae
C. lateralis
Carlia rostralis
Egernia rugosa
Gehyra catenata
G. nana
Glaphyromorphus
pardalis
Lucasium
stenodactylum
Morelia spilota
Notoscincus
ornatus
Ramphotyphlops
diversus
R. ligatus
R. proximus
Varanus scalaris

Competition could explain why some plants spread very
slowly following the last ice age, a phenomenon discussed
earlier. In the glaciated landscapes of the Northern
Hemisphere spread was sometimes rapid because there
was fertile empty land to reclaim. In Queensland – except
in the far west where dust deposits indicate a lack of
vegetation cover – there were other plants in possession.
The distributions of the arid-adapted plants considered
earlier show that they once grew more widely near the coast,
and these populations would have hindered the westward
spread of mesic plants after the last ice age ended.

The grass Arthraxon hispidus has a few inland populations
found around artesian springs, resulting in a distribution that
correlates poorly with rainfall or temperature.

This section has focused on plants, but competition is
also likely to restrict the distribution of many animals. Two
skink genera in Australia, Ctenotus and Lerista, are very
rich in species, and it seems probable that competition
between species, in addition to climate and soils, limits
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the ranges of many species and could account for some of
the unusual distribution patterns. The tree skink (Egernia
striolata) and the eastern crevice skink (E. mcpheei)
are two species whose ranges abut but never overlap,
although hybridisation can occur where they meet
(Rod Hobson pers. comm.). Among birds, the collared
kingfisher (Todiramphus chloris) is confined in Australia
to mangroves, while in South East Asia it occurs widely in

rural areas as well, sometimes far from the sea (Robson
2005). In Australia it is probably limited by competition
with other Todiramphus kingfishers. As for mammals,
Jackson and Claridge (1999) concluded from distribution
patterns and modelling that Mahogany gliders (Petaurus
gracilis) exclude squirrel gliders (P. norfolcensis) from their
range. Other examples could be given.

The leopard ctenotus (Ctenotus pantherinus) belongs in Australia’s largest reptile genus (Ctenotus). Up to ten species coexist in some arid
areas, with segregated feeding times and spaces, suggesting that each species would occupy a larger ecological space in the absence of
competition. Their reponses to climate change may depend on whether competition is relaxed or exacerbated. Photo: Terry Reis

5.2.7 Predators and pathogens
Predation, parasites and pathogens could also impose
limits on distributions, increasing the difference between
fundamental and realised niches. But in a global review
of distribution studies, Sexton et al. (2009) found them to
be implicated in limiting distributions far less often than
competition. Lavergne et al. (2010) noted non-Australian
examples where herbivory by invertebrates has restricted
plant distributions in marginal habitats. The introduction
of biological control agents has sometimes led to range
reductions in pest species (Sutherst et al. 2007). The
extinction and declines of various mammals in Australia,
attributed mainly to fox and cat predation, shows that
predators can limit distributions.
Fairhills Nursery at Yandina in south-east Queensland
has tried to grow plants from all over Australia, but
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plants from too far south or west were typically killed
by pathogen attack, facilitated by the high humidity
at Yandina (Robert Price pers. comm.). Inland and
southern plants grew well during the cooler months, but
inevitably succumbed to root or leaf fungi during the
humid summer, which was conducive to fungal growth.
Plants that died in this way included waratahs (Telopea
speciosissima) and other shrubs from the Sydney
sandstone belt, plants from Victoria and Tasmania, and
inland plants such as Sturt’s desert pea (Swainsona
formosa). Price, who has 15 years experience, said it was
always pathogen attack that killed the plants rather than
climate directly.
It is difficult to know if predators, parasites and pathogens
(apart from introduced species) are exerting much
influence on distributions in Queensland. Possibly not.

5. Ecological framework

5.3

Discussion

he evidence suggests that distributions often do
not match temperature limits, for a wide range of
reasons. Most of these reasons would hold had
the question been ‘does rainfall limit species?’, although
some of the influences would be different, for example
the capacity of deep water-retaining soils and steep
water-gaining slopes to compensate for low rainfall.

T

Biotic interactions (especially competition and facilitation)
appear to be important influences on Queensland
distributions. When they are mentioned in species
distribution models the assumption made is that they
respond predictably and consistently to climatic shifts.
But interacting species often respond to different aspects
of climate, resulting in non-synchronous responses to
climate change (Meier et al. 2010). This is illustrated in
the fossil record by non-analogue communities (Lundelius
1983; Graham and Grimm 1990; Price 2004), and in
recent years by phenological shifts induced by climate
change, resulting in mismatches between predators and
prey (Parmesan 2006), a growing concern (Dunlop and
Brown 2008; Steffen et al. 2009). Meier et al. (2010)
warn that biotic interactions over large geographic
ranges may not be constant ‘partly because of spatial
variation in the distribution of interacting species due to
different environmentally constraining factors or due to
anthropogenic influences’. They obtained more accurate
species distribution models of Swiss trees when they
factored in the competitive influences of different species.
The evidence that distributions do not match climatic
tolerances implies that species with small ranges might
not be as vulnerable to climate change as modelling
exercises imply. This question is considered further in the
next section, first by considering species confined to high
altitudes, followed by other species.

5.3.1 High altitude species
In Australia, endemic vertebrates in the Wet Tropics
have been the main focus of climatic modelling studies
(Hilbert et al. 2001; Williams et al. 2003; Hilbert et al.
2004; Meynecke 2004; Shoo et al. 2005). Species in this
bioregion confined to high altitudes have been predicted
to face a high extinction risk, regardless of whether
their limits are set directly by climate or indirectly by
competition, pathogens, or other influences. However,
two of the biologists involved in these studies have
recently acknowledged (Shoo et al. 2010) that some
species are less vulnerable than the models imply.
The Wet Tropics are recognised as a major refuge for
Gondwanan lineages, many of which appear to require
temperate climates. For example plant genus Eucryphia is
represented by species in South America, Tasmania and
southern NSW, and by two species in Queensland, one
confined to a single site on the Main Range in Southeast

Queensland and another to the summit of Mt Bartle Frere
in the Wet Tropics, Queensland’s highest mountain. The
distribution pattern strongly suggests that the genus is
limited by high temperatures. But the experiments of
Cunningham and Read (2002) and others (see section
3.1) imply that temperature-mediated competition is
imposing the limits rather than temperature directly. The
Eucryphia they tested (from southern Australia) achieved
highest growth rates when cultivated at 30 °C.
In the Northern Hemisphere, where many shifts in
altitudinal range have been attributed to climate change,
Lenoir et al. (2010) reviewed nine published studies and
found that 65% of species had shifted their mid-range
positions upslope as expected, and 25% downslope,
contrary to expectations (with 10% unchanged). They
proposed that downslope spread was occurring because
lower limits were set by competition rather than climate,
and that human and climatic disturbances were relaxing
competition, allowing upland species to increase their
realised niches by spreading into warmer areas.
Temperate may directly limit the distribution of some
upland animals. As noted in section 3.1, Zweifel (1985)
found that tangerine nursery-frogs (Cophixalis neglectus)
taken from the summit of Mt Bellenden Ker to the base
soon died, apparently from the higher temperatures. The
skink Calyptotis thorntonensis is said to be killed by the
warmth of the human hand (Wilson 2005), although it
has access to cool refuges beneath rocks and does not
seem to be threatened by rising temperatures. No useful
predictions can be made about most of the species
that inhabit the Wet Tropics lowlands, because their
tolerances for high temperatures are not known. Williams
et al. (2003) predicted that these species would contract
to higher altitudes, but in a subsequent paper (Shoo et
al. 2005) Williams admitted this might not be correct.
But although high altitude species may be directly or
indirectly limited by temperature, climate models may be
unable to predict their vulnerability with much accuracy.
Dobrowski (2010) observed that montane locations
where cold air settles (local depressions, basins), and
which are probably important refuges, are decoupled
from regional temperature averages, providing relict
climates through times of change. The same can be said
about rock outcrops. Shoo et al. (2010) found that the
beautiful nursery-frog (Cophixalis concinnus), which is
confined to cool upland rainforest on Thornton Peak,
can access boulder microhabitats up to 10 °C cooler
than surrounding habitats. They concluded that this
frog, which according to Williams et al. (2003) faced
high extinction risk from climate change, may readily
survive heatwaves by sheltering beneath boulders. The
three lizards confined to the highest altitudes in the Wet
Tropics (Calyptotis thorntonensis, Eulamprus frerei and
Techmarscincus jigurru) are all confined to rock outcrops,
and the same conclusion presumably applies. The Shoo
et al. (2010) paper, of which Williams is a co-author, thus
raises some doubts about the widely cited Williams et al.
Climate Change and Queensland Biodiversity
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(2003) paper, which warns that all high altitude species
face high risks of extinction.
The poorly studied Massenerhebung Effect – by which
montane rainforest reaches lower altitudes on small
mountains than it does on big ones (Grubb 1971) – adds
to the uncertainty of model predictions. Yeates and
Monteith (2008) noted that the lower altitudinal limits of
montane insects in the Wet Tropics are 200-500 m higher
on Mt Bellenden Ker, the highest mountain massif in the
region, than on other ranges. Nix (1991 page 24) invoked
this effect to explain why some ‘montane’ vertebrates
can be found at low elevations, saying that this occurs ‘in
those areas characterised by high annual mean rainfall
and frequent cloud cover, where mountains and ridges
drop steeply to the sea’. In such settings cold air can flow
down slopes in the evening.
Another problem with climate modelling exercises is
their failure to consider the potential for higher CO2 levels
to compensate plants for declining rainfall by reducing
water lost to transpiration (see section 3.6). Plants should
tolerate some reduction in rainfall without suffering any
reduction in water availability (Holtum and Winter 2010),
but climate modelling papers do not factor this in. A recent
exception was that of Rickebusch et al. (2008), who found
‘marked differences in model projections’ when CO2 was
taken into account, with alpine trees and shrubs in Europe
losing less habitat because of climate change. Higher
levels provide no direct benefit to animals, but can benefit
them indirectly if their distributions depend on those of
plants, although they can also disadvantage them by
reducing plant palatability.
But although rising CO2 levels could ameliorate climate
change, the lifting of orographic cloud could exacerbate
it (see section 3.2), Reduced rainfall is predicted to
raise the orographic cloud level on mountain peaks,
leading to sharp losses in water availability (Williams et
al. 2003; Australian National University 2009; Lovelock
et al. 2010). However, declining rainfall need not prove
detrimental. Habitat modelling of the grey-headed robin
(Heteromyias albispecularis) by Li et al. (2009) indicates
that high rainfall (and low temperatures) limit it at high
altitudes in the Wet Tropics. Under higher temperatures
their modelling implies that robins will fare much better
if rainfall declines than if it stays the same (or increases).
Because similar modelling has not been conducted
for other species it is not known if this conclusion
applies more widely, although this is possible because
heavy cloud limits photosynthesis and thus ecosystem
productivity. Mosses, ferns, and epiphytes may prove
more susceptible to declining orographic cloud than
other organisms.
Some non-endemic vertebrates in the Wet Tropics have
a broadly consistent relationship with climate across
large distances, keeping to high altitudes in the Wet
Tropics but using all altitudes in southern Queensland,
for example swamp rat (Rattus lutreolus), Australian king-
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parrot (Alisterus scapularis), crimson rosella (Platycercus
elegans), yellow-throated scrubwren (Sericornis
citreogularis), and rough-scaled snake (Tropidechus
carinatus). But there are exceptions, for example the
large-billed scrub-wren (Sercornis magnirositris), which,
because of competition in the north, seems to do better
at high altitudes in southern Queensland than in northern
Queensland, counter to climatic expectations.

The grey-headed robin is a montane bird, but a small number
live in the lowlands, creating uncertainty about its climatic
tolerances. Photo Jon Norling

But most of the Wet Tropics birds defined as upland
endemics are sometimes found well below their usual
limits (Shoo et al. 2005; Williams et al. 1999), indicating
that temperature does not directly limit their distribution.
Shifts downslope often occur in winter (Nielsen 1996),
in which case the climatic envelope may be maintained.
But birds are sometimes observed down low in summer
(Shoo et al. 2005), and some lowland populations (eg.
of chowchilla Orthonyx spaldingii and grey-headed robin
Heteromyias cinereifrons) are resident (Nielsen 1996).
In a survey of the Cannabullen Plateau, Williams et al.
(1999) found eight birds and a lizard (the chameleon
gecko Carpodactylus laevis) 200-280 m below their usual
altitudes, which they attributed to the presence of a large
flat area of rainforest on rich basalt soil, implying that
soil fertility influences altitudinal limits. Temperatures
rise about 1 °C with a 200 m drop in altitude, but with
seasonal variations (Shoo et al. 2005).
Competition appears to influence some altitudinal limits.
The large-billed scrubwren and Atherton scrubwren
(Sercornis keri) often replace each other altitudinally,
with the former reaching higher altitudes where the
latter is absent (Nielsen 1996), although they sometimes
coexist (Clifford Frith pers. comm.), perhaps in places
that are especially fertile. The spotted catbird (Ailuroedus
melanotis) uses lowland as well as upland rainforest in the
Wet Tropics, but not in New Guinea where it lives mainly
above 900 m, apparently because of lowland competition
from the white-eared catbird (A. buccoides) (Beehler et al.
1986), which is not found in Queensland. On the Transfly
of southern New Guinea about 25 upland rainforest birds
can be found almost at sea level in an island of rainforest
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(surrounded by savanna) that lacks most lowland
rainforest birds (Beehler et al. 1986). Cliff Frith (pers.
comm.) suggested that competition from the metallic
starling (Aplonis metallica) – a summer migrant from
New Guinea – may explain why the tooth-billed catbird
(Scenopoeetes dentirostris) remains at high altitudes in
summer but visits lowlands in winter. They suggested that
nest predation by the black butcherbird (Cracticus quoyii)
might restrict some birds to high altitudes.
Irrespective of whether altitudinal limits are set by climate
or by biotic influences, the outcomes under climate
change will often be the same. Metallic starlings and
black butcherbirds may colonise higher altitudes as
temperatures rise, leading to the same contraction of
upland birds that would occur if temperatures imposed
direct control. But current studies (Chambers et al. 2005;
Jarrad et al. 2008) are consistent with the fossil record in
showing that responses to climate change are speciesspecific. Predator-prey interactions and insect-host plant
interactions are changing as species respond differentially
to warming (Parmesan 2006), and a loss of synchrony
between species has become a regular concern raised
about climate change (Dunlop and Brown 2008; Steffen
et al. 2009). Growing evidence for loss of synchrony
undermines the assumption of modelling studies that
biotic interactions are predictable. Metallic starlings may
fail to colonise higher altitudes if climate change reduces
their numbers in their winter habitat in New Guinea.
In another example where controls over distribution remain
uncertain, Southeast Queensland has a dung beetle
(Onthophagus macrocephalus) confined to Antarctic beech
forest above 900 m, except for one lowland population in
wet sclerophyll forest near Landsborough (Geoff Monteith
pers. comm.). The lowland population may have survived
because of an unusually favourable local microclimate
following a range expansion that occurred during a cold
wet glacial period. Black wattle (Callicoma serratifolia) may
illustrate the same phenomenon, occurring disjunctly on
mountain ranges in southern Queensland (Main Range,
Kroombit Tops) but with lowland populations occurring on
the Sunshine Coast.
All of these examples show the difficulties inherent
in predicting vulnerability to climate change, even for
species that seem especially vulnerable. They have
important implications for management. Animals confined
to mountains in the Wet Tropics are not necessarily the
species most in need of assistance (Shoo et al. 2010).
The translocation of some to more southerly locations
has been proposed, but the evidence that competition
limits their distribution undermines the rationale for
translocating birds, because they would face competition
wherever they were released. Atherton scrub-wrens taken
to southern Queensland would have to compete with largebilled scrub-wrens, which are common at high altitudes.
The implications of climate change for Wet Tropics
species are considered further in section 6.14.

The dung beetle Onthophagus macrocephalus has one
population living in Antarctic beech forests on a high plateau
and the other in foothill eucalypts near Landsborough.
Photo: Queensland Museum.

5.3.2 Other species
Outside the Wet Tropics, a widely quoted modelling study
has been that of Hughes et al. (1996), mentioned before:
‘Climatic range sizes of eucalyptus species in relation
to future climate change’. It found that many eucalypt
species, including some in Queensland, have such small
distributions that a 3 °C rise in temperature would expose
their entire populations to temperatures and rainfall
regimes under which no individuals currently exist. But
the authors of this study acknowledged some of the
uncertainties assessed here:
‘Currently observed temperature and rainfall
boundaries may be different from fundamental
climatic niches for several reasons. For example,
the limit to a species distribution in at least part of
its range may be set by competition, disturbance
frequency, or soil effects. Such a species will have
climatic tolerances wider than its current climatic
envelope, and may well survive future complete
displacement of the envelope even without range
migration, depending on range movements by
competing species or on other indirect effects.’
It seems likely from the issues considered in the previous
sections that these comments could be applied to larger
numbers of plants in Queensland with small ranges that
are not centred on mountain ranges. Physiological studies
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show that tree species can operate with high efficiency
across a wider range of temperatures than the 3 °C range
within which Hughes et al. (1996) found that 50% of
eucalypt species occur. For example, Antarctic beech
(Nothofagus moorei), a restricted rainforest tree, can
function with at least 80% photosynthetic efficiency over
a 14 °C temperature range (Hill et al. 1988). In Tasmania,
the optimum temperature of photosynthesis for two
eucalypts (E. globulus, E. nitens), was found to fluctuate
over nine months by at least 6 °C, tracking seasonal
shifts in temperature (Battaglia et al. 1996). When trees
are exposed to higher temperatures in experiments they
usually grow faster, including two eucalypt species recently
exposed to a 4 °C temperature hike, and eight rainforest
trees grown at very high temperatures (see section 3.1).
The present study, noting the findings of Svenning and
Skov (2007) and Schwartz et al. (2006) discussed earlier,
does not assume that species with small distributions
automatically face high risks from climate change.
Species with small distributions are generally more
vulnerable to extinction because their populations are
small, not because their climatic envelopes will inevitably
disappear. Some species with small distributions, for
example mallee eucalypts, could benefit from climate
change. As noted in section 4.1, the eucalypts that
die in largest numbers during droughts are typically
common species that achieve dominance by using
water at profligate rates, a strategy that increases their
vulnerability to extreme droughts. This suggests that in
some locations common eucalypts may die from climate
change before rare and restricted ones.
In a third study of note, Brereton et al. (1995) modelled
the future distributions of selected Victorian vertebrates,
reaching several pessimistic conclusions, but Chambers
et al. (2005) questioned the validity of this study for the
reasons considered here, in particular the assumption
that present-day distributions are in equilibrium with
present-day climate.
Modelling studies can provide a useful ‘first cut’ for
understanding climatic impacts (Steffen et al. 2009) but
they seem unlikely to yield precise predictions about
the responses of plants and biomes to climate change
because distributions so often reflect non-climatic
influences. It is also a matter for concern that modelling
studies consistently disregard the potential for rising CO2
to provide plants with some compensation for declining
rainfall (Hovenden and Williams 2010; Rickebusch et al.
2008) (see section 3.6). These studies also ignore the
possibility of evolutionary changes. As noted in section
4.1, eucalypt hybridisation can result in new genotypes
with (presumably) different climatic tolerances.
This study concludes that many high altitude rainforest
species are likely to be vulnerable either to rising
temperatures, or to increased temperature-mediated
competition, but that no such conclusion can be reached
about species with small distributions in other settings.
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The Tertiary transformation of Australia from a continent
dominated by rainforest growing under an equable
climate to one dominated by open habitats and
climate variability transformed the animal fauna from
one that may have been dominated by stenotherms
(species with narrow temperature tolerances) to one
dominated by eurytherms (species with wide temperature
tolerances). Stenotherm animals survive in the wetter
eastern rainforests, but they are not representative of
Queensland’s biodiversity. Most species in Australia
today, including rainforest plants, have wide climatic
tolerances (Dunlop and Brown 2008; Steffen et al. 2009),
which means it is unlikely that a very small distribution
equates with limited climatic tolerances, and far more
likely that it reflects limited climatic space under the
current climate, or other influences such as competition
and history. As for plants, growth experiments indicate
that temperature tolerances are higher than distributions
would suggest.

The montane rainforest skink Glaphyromorphus mjobergi
may have narrow temperature tolerances, or may have wide
tolerances that are partly undetectable because the interglacial
climate of today limits the cold climatic space it can occupy.
Photo: DERM

5.4

Management
consequences

ansen et al. (2009) in setting out ‘Climate-Smart’
principles of biodiversity adaptation, called for
protection of ‘more resilient populations’. If the
survival prospects of species are greater than their small
distributions indicate – as seems likely for many plants
– then the number of resilient populations could be very
large. Many eucalypts and woodland shrubs with small
distributions may face no imminent threat from climate
change, except perhaps from unfavourable fire regimes.
Section 6 operates from this assumption. It seems highly
likely that in each bioregion some species with small
ranges are close to their climatic limits but that this
number will represent a minority, except in southwestern
Queensland, where Tertiary aridity probably pushed many
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plant species to their climatic limits. If the conclusions
reached by Svenning and Skov (2007) and Willner et al.
(2009) about plants apply in Queensland, then small
distributions may say more about places that were
climatically suitable during the cold, dry Last Glacial
Maximum rather than limits imposed by today’s climate.
The pollen record clearly shows that eucalypts became
scarce in inland Australia during this period (Hill 2004),
implying that it was a far more difficult period for trees
than coming decades are expected to be.

The small range of the endangered large-fruited tamarind
(Diploglottis campbellii), which extends from Beenleigh to
Murwillumbah, seems unlikely to indicate its climatic tolerances,
because the climate within this small region occur more widely.
It is cultivated as far south as Sydney. Photo: Tim Low

Species with small ranges could play enlarged ecological
roles in the future. The world is currently in an interglacial
period, and if it is not prevented by anthropogenic
climate change from returning to icehouse conditions,
which have dominated for most of the past million years,
it will once again provide suitable conditions for many
species with small distributions. Many of Queensland’s
rare plants may represent ‘ice age species’ with a future
as well as a past.
Most rare and threatened species are unlikely to relocate.
Much of the talk about climate change and biodiversity
has been about the need for corridors, but for species
with small and fragmented distributions, migration
along corridors seems unlikely, if not unnecessary. As
noted earlier, most Australian species persisted through
Pleistocene climate change by staying put rather than
moving large distances (Byrne 2008; Byrne 2009;
Markgraf and McGlone 2005), and similar responses
in future seem likely. The distribution evidence in
Queensland implies that most of today’s rare or restricted

species went through periods of expansion when the
climate was wetter, and often cooler as well, but have
contracted since then. (The exceptions are some species
bound to small stable rainforest or rocky refuges in
which they evolved vicariantly, for example Phyllurus
and Saltuarius leaftail geckoes, and the lizards and frog
endemic to Black Mountain).
Except perhaps for highly mobile birds, mammals and
fish, species cannot intentionally ‘migrate’ in response
to climate change because they lack understanding of
where to go. What can occur is expansion at the edge
of a distribution where a local population is increasing
and there is suitable habitat to occupy. The genetic
studies reviewed by Byrne (2008) imply that plants and
animals in Pleistocene Western Australia expanded
their area of occupation when the climate was warm and
wet, and contracted when it was cold and dry, rather
than travelling north or south with each shift in climate,
a scenario she rejects (Byrne 2009). Rare species, by
definition, do not have increasing populations, limiting
their potential to reach new regions. Spread will be most
likely during a run of wet La Niña years, to be followed
by contraction when El Niño drought years return, with a
change in distribution occurring if the contraction is only
on the hot dry edge of distribution.
Talk about ‘migration’ assumes that species are limited
along one edge by a cold or wet climate, such that rising
temperatures or declining rainfall can facilitate expansion
in that direction. But rare species usually have such small
distributions that (except importantly on mountains) there
is little difference in climate between opposite edges. If a
rare species is declining from a hostile climate at one end
of its range it is likely to be barely surviving at the other.
Under such circumstances, a shift in distribution cannot
occur. Species with increasing populations may expand
in range but these will be species that are advantaged by
the emerging climate, at least in part of their distribution,
not species that are threatened by it. Range shifts of
rare species will be likely only if there are very sharp
climatic gradients (as on mountain slopes), or if they are
exceptionally mobile (see below).
Dunlop and Brown (2008) estimated that species would
need to migrate at speeds of 3-17 km per year to track
expected climate change, providing another reason
to doubt that rare species will relocate. Plants could
only be expected to spread during wet years, with seed
germination unlikely to occur during El Niño years. During
years when some expansion is possible the distance
travelled to track climate would have to be much greater
than Dunlop and Brown calculated. The many barriers
to relocation provided by habitat fragmentation and
soil variation provide another reason to be sceptical.
These limitations would not apply to a few highly mobile
threatened animals, such as the grey-headed flying fox
(Pteropus poliocephalus) and Gouldian finch (Erythrura
gouldiae), which are both adept at roaming large
distances seeking food.
Climate Change and Queensland Biodiversity

75

5. Ecological framework
Species with small distributions are often concentrated in
rugged locations considered to be refugia, places in which
species survive longer because they are buffered from
climatic extremes (Steffen et al. 2009). They include the
McPherson Ranges, Carnarvon Ranges and White Mountains
(see section 6). Section 6 uses clustered distribution records
to identify refugia, for which strong protection is justified.
Most refugia are already well recognised as such and lie
within areas receiving some protection. In many cases they
will need management to reduce the threat of invasive
species and unsuitable fire regimes. Species will disappear
from refugia if their climatic thresholds are crossed, a point
discussed further in the next section. But because refugia
provide climatic envelopes lacking from surrounding areas,
they will always retain high conservation value.

undesirable native species, or damaging fires (Dunlop
and Brown 2007). For example, the creation of an Alps to
Atherton corridor will increase the opportunities for feral
sambar deer (Cervus unicolor) from southern New South
Wales to reach Queensland, where they are likely to cause
serious harm to rainforests, inhibiting their regeneration,
as occurs in Victoria (Van Dyck and Strahan 2008).
The evidence reviewed earlier suggests that competition
may play a large role in limiting species distributions in
Queensland. Competition facilitated by climate change may
lead to extinctions in future. But in situations where one
tree species is likely to displace another, this could happen
very slowly, allowing time for management intervention, if
deemed appropriate, as noted by Loehle (1998):
‘Thus, the replacement of species will be delayed
at least until the existing trees die, which can be
hundreds of years…Furthermore, the faster growing
southern species will be initially rare and must spread,
perhaps across considerable distances or from initially
scattered localities… Although on an evolutionary time
scale this replacement process could be catastrophic
for species unable to migrate north fast enough, the
lag of several hundred years is more than adequate for
human mitigation activities to moderate the effects.’

Lawn Hill Gorge is the major refuge within the North West
Highlands because of its reliable water supply and deep shade.
Rainfall may decline significantly but the gorge will retain
permanent water and deep shade.

Corridors will be important under climate change, because
they will facilitate movement of common species, provide
habitat for rare species, and reduce the negative effects
of habitat fragmentation by contributing to continuity.
Common species are usually more important to ecosystem
functioning than rare species, and their conservation is
thus of utmost importance, although some will not need
corridors for movement or will not be threatened by climate
change. Although most rare species seem unlikely to move
along corridors, a large proportion (probably a majority)
are found on elevated lands that are mapped as part of
corridors. Nearly all mountain ranges or plateaus identified
as refugia occur on major corridors, and many rare plants
occur on elevated lands that are not identified as major
refugia but which nonetheless form part of corridors. The
protection of refugia and the protection of corridors are
thus complementary components of a single protected
area strategy incorporating climate change concerns.
Corridors may sometimes have the potential to cause
harm, by facilitating movement of invasive species,
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If highly valued tree species face a threat from competition
rather than directly from climate change, they could be
conserved by removing competitors. Protection might also
be achieved by isolating relict populations from advancing
competitors. This would be the opposite to providing
corridors. Dunlop and Brown (2007) raised doubts
about the value of providing corridors for rare species
for this reason, among others. But a large proportion of
relict plants in Queensland survive on soils that are too
infertile for competitors, and do not need protection from
competition, although they may need protection from feral
goats and unfavourable fire regimes.
An increasing risk of fire may be the main climatic threat
faced by some plants, including dry rainforest species. This
is a threat that can be addressed by careful management.
In climate change biology to date, much of the focus has
been on movement, on a purported need of species to
migrate. ‘Migration’ is not mentioned further in this report
(except for inland ‘migration’ of coastal habitats) because
it is a potentially misleading way to describe future
responses to climate change. ‘Expansion of populations’
probably comes closer to describing what may occur. But
a better concept to focus on might be that of resilience,
of the capacity of species to survive in situ. Byrne’s
(2008) finding that species have expanded only small
distances from many Pleistocene locations indicates that
persistence in favourable locations was more important
during past climate change than movement. Steffen et al.
(2009) emphasised the importance of resilience in their
statement that pre-adaptation to aridity could give much
of Australia’s native flora and fauna ‘a degree of resilience
not found in other parts of the world’.

6. Bioregional reviews
6.1

Introduction

n the following sections, each bioregion (see Map
1) is reviewed to assess the vulnerability of species
and ecosystems to climate change, guided by the
conclusions reached in the previous sections, and using
2070 as the timeline.

I

As noted in the earlier sections, there are many
uncertainties about climate change that limit the
confidence with which predictions can be made. To
assess risk, some assumptions have to be made, but
these should be explicit. The following premises have
shaped the reviews.

6.1.1 Methodological premises
1. Queensland in 2070 will face a high emissions
(A1F1) scenario. Following the limited success of the
Copenhagen Climate Summit, low and medium emissions
scenarios of the IPCC (2007) no longer seem realistic. All
climatic predictions thus operate from the high emissions
scenarios provided by the Queensland Climate Change
Centre of Excellence (QCCCE) at www.climatechange.
qld.gov.au/whatsbeingdone/climatechangestrategy/
impactsonqueenslandsregions.html.
2. Rainfall will decline. Many climate models predict
increasing rainfall, but the median of predictions is
for declines throughout Queensland, although these
are projected to be very slight (or non existent) for
Cape York Peninsula. The bioregional reviews are
based on the QCCCE high emissions scenario ‘best
estimate’ projections, which for each bioregion predict a
decline. The prospect of rainfall increasing is, however,
considered in some of the reviews.
3. The frequency of El Niño events will not increase.
Although there is a common belief that El Niño droughts
will be more common in future, climate models are
not consistent in predicting any increase (Vecchi and
Wittenberg 2010). Nor are the models consistent in
indicating an increase in the amplitude or frequency of
droughts from other causes, above that which will occur
from the projected declines in rainfall and increases
in evapotranspiration. But there are high levels of
uncertainty about this aspect of climate change, and it
is very possible that drought frequency and amplitude
will increase (or decrease) beyond the levels implied
by the models. Under such a scenario the outcomes for
biodiversity could be far worse than predicted here.

4. Greater water use efficiency from higher CO2 levels will
provide most plants with some compensation for lower
rainfall and higher evapotranspiration (see section 3.6).
In most climate change studies in which distributions of
species and biomes are modeled in response to future
climates, CO2 impacts are overlooked (Rickebusch et
al. 2008). The conclusions reached about plants and
biomes are thus questionable, given the strong evidence
that high CO2 levels increase water availability to most
plants (Raison et al. 2007; Hovenden 2008). There
is no accepted method for assessing how much CO2
compensates for lower rainfall, although preliminary
attempts have been made in modeling exercises (for
example Howden et al. 2001; Rickebusch et al. 2008;
McKeon et al. 2009). This report operates from the
assumption that plants in Cape York Peninsula – where
projected rainfall declines are very slight - will face little
reduction in water availability, and that plants in other
bioregions will face larger reductions in accordance with
the larger projected declines in rainfall and increases
in evapotranspiration. This report does not accept the
prediction of Hovenden (2008) that woody vegetation will
increase in arid regions, a conclusion that appears to be
contradicted by Hovenden and Williams (2010). Increases
can be expected following sequences of above-average
rainfall years, but the deaths during drought years are
likely to result in a net decline.
5. Declining water availability will prove more harmful
to plants than rising temperatures. High temperatures
appear not to kill trees or shrubs except by decreasing
water availability (from higher evapotranspiration) and
by facilitating competitive displacement (see section
3.10) and fires. As Boland et al. (2006) stated, there is
‘little evidence that high temperatures directly control the
distribution of plants in Australia because there is always
an association with water balance’. Plants in experiments
usually grow better when temperatures are elevated,
for example Cunningham and Read (2002) found that
the eight Australian tree species all achieved maximum
growth at much higher temperatures than would be
expected from their distributions. The conclusion reached
by Way and Sage (2008a), after they grew black spruce
seedlings at exceptionally high temperatures, probably
applies to most plants: ‘in a warmer world, black spruce
will grow more slowly, be less competitive, and be more
prone to drought-induced damage’.
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6. Dominant eucalypts will die in large numbers during
severe droughts. This will occur because common
eucalypts achieve dominance by maximising their
growth rates in ways that increase their vulnerability to
drought (see section 2.3 and 4.1). Drought deaths are
more likely to occur in the eastern half of Queensland
than in western bioregions, where eucalypts are more
conservative in their use of water. Increasing water
use efficiency may provide some compensation for
increasing drought severity but will not prevent drought
deaths because these already occur as natural events.
Deaths of canopy eucalypts will increase pressure on
wildlife by removing vital resources, including shade
during heatwaves. Eucalypts that die from drought will
increasingly be replaced by local species with greater
drought tolerance, although some eastward spread of
arid-adapted trees is also likely.
6. Environmental stress will increase mainly on an inland
to coast gradient. Rising summer temperature maxima
seem likely to harm more species that rising mean
temperatures, with summer heatwaves known to cause
many animal deaths under some circumstances. Over
most of Queensland, maximum summer temperatures
increase on an east to west axis (see Map 6) and rainfall
declines on the same axis (Map 7). This gradient seems
to control more species distributions than that of annual
mean temperatures, which typically increase on a north
to south axis. Temperatures since 1910 have been
rising faster in central Australia than in other regions,
increasing the strength of this temperature gradient (see
Map 3 and Map 4 in section 2). Under climate scenarios
of hotter summers and decreasing water availability it
seems likely that many species will contract in range
towards the coast, with changes in species distribution
and abundance occurring mainly along a west to east
axis (or possibly west to south-east) rather than north to
south. Contractions in range southwards are considered
most likely for species with inland distributions. In the
Gulf Plains, where temperatures decrease and rainfall
increases towards the coast, northward movement
may dominate. Many plants have their western-most
populations in locations that appear to represent
fortuitous survival rather than clear climatic limits,
suggesting high vulnerability for these populations
(for example Acacia penninervis, Choretrum candollei,
Lobelia andrewsii, Melaleuca irbyana, Mirbelia speciosa,
Notelaea linearis, Picris barbarorum, Pimelea neoanglica,
Secamone elliptica, Styphelia viridis).
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Map 6. Queensland December Maximum Temperatures decline
towards the coast, not towards the south. Map: Bureau of
Meteorology

Map 7. Queensland annual rainfall reinforces the stress of
summer maxima by decreasing towards inland areas. Map:
Bureau of Meteorology

7. Distributions do not necessarily indicate climatic
tolerances. Distributions often reflect the influence of
biotic interactions, past climates, or fire (see section 5).
Small distributions are most likely to indicate climatic
limits if they are centred on cool wet mountains, but
even here there are many exceptions. For most species
with small distributions no conclusion about tolerances
is made, although it is assumed that in each bioregion
a subset of such species will be close to their climatic
limits. Large climatically-coherent distributions are
considered more likely to reflect climatic limits, especially
along their western edges. (Competition appears to set
the eastern limits of many inland distributions – see
section 5).
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8. The climatic tolerances of a species do not vary much
between adjoining bioregions. A species that occurs
in regions that are hotter and drier than, for example,
the Brigalow Belt is predicted to face a low risk in the
Brigalow Belt if the climate there becomes hotter and
drier. This conclusion might not hold if each population
is adapted to the local climate (Botkin et al. 2007), but
the assumption made here is that Pleistocene climatic
oscillations limited adaptation to specific environments,
instead favouring broad climatic tolerances. The
statement of Steffen et al. (2009) that ‘many of
Australia’s endemic species have adapted to a highly
variable climate’ is accepted here, although it does not
hold for species confined to upland rainforest.
9. Spread of species into new regions will not be a
dominant response (see sections 5.2 and 5.3). This
study agrees with Dunlop and Brown (2007, page 14)
that ‘changes and threats other than distributional
changes may be more significant for many species’.
Byrne (2008) has shown from genetic studies of plants
and animals in southern Australia that most species did
not migrate in response to Pleistocene climate swings,
raising doubts about the extent of likely spread in future
(Byrne 2009). Markgraf and McGlone (2005) found ‘no
good evidence for range migration as a major response to
[past] climate change in the southern continents’. What
happened instead were mainly localised expansions
and contractions of populations. Habitat fragmentation
provides another reason to doubt that most species
will move large distances. Birds, bats, some macropods
and many insects will cross open farmland, but most
migration of most species other species will be hindered
by habitat loss. Within any region the climatic tolerances
of species vary. Under climate change some species will
increase in numbers and others will decrease. The gaps

created by declining species will be filled mainly by
local species with wide climatic tolerances rather than
by newly arriving species. The spread that will occur will
mainly be of inland species advancing eastward (see
premise 6). Eucalyptus species will be very slow to spread
because their seeds lack any mechanism for dispersal.
But eucalypts have some capacity to ‘adapt’ in situ by
pollination producing new genotypes including hybrids
(see section 4.1).
10. Increasing severity of fire will pose the main threat to
some species. Fossil evidence suggests that fire activity
increased through the Cainozoic in response to a drier
and more variable climate and that it increased further
during the Holocene (Kershaw et al. 2002). Many species
probably face unprecedented risks from fire under
climate change scenarios. The threats are very clear for
some threatened species and ecosystems, for example
two leaftail geckoes (Phyllurus gulbaru, P. kabikabi)
and Bertiehaugh rainforests. Many rare plants may be
more threatened by fire than by other aspects of climate
change. Introduced grasses have the potential to greatly
increase the fire risk over large areas of Queensland (see
section 3.5), but fire severity is not predicted to increase
in all bioregions.
11. Fire risk will increase in eastern bioregions but not in
inland bioregions, except where buffel grass (Pennisetum
ciliare) has invaded (see section 2.5). Higher temperatures
increase fire risk but lower rainfall reduces plant growth
and thus fuel connectivity. Rising CO2 will increase
water use efficiency in plants, but it is unclear if this will
compensate plants for lower rainfall and thus ensure fuel
connectivity. This report accepts the tentative conclusion
of Bradstock (2010) that increased water use efficiency will
not compensate for lower rainfall in arid regions.

If wallum habitats in drought carry more and bigger fires there will be fewer opportunities for animal recovery when droughts end.
Animal populations could soon be lost from the smaller remnants. Photo: Tim Low
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12. Rising CO2 levels will alter competitive relationships
between plants, but in ways that are too difficult to
predict. It is widely expected that plants that practise C3
photosynthesis will benefit more from higher CO2 than
plants with C4 photosynthesis, and that woody plants
will benefit more than grasses. These predictions have a
sound physiological basis, but experimental results often
fail to back them up (Nowak et al. 2004). Some species
are found to be more responsive to CO2 than others for
reasons that cannot be explained, as in the experiments
of Duff et al. (1994) and Stokes et al. (2008a). For these
reasons, altered competitive relationships between
species are often mentioned here as one outcome of
climate change, but specific predictions are not made.
13. CO2 fertilisation of plants will reduce nutritional
quality of leaves for mammals and insects, but impacts
will be noticeable mainly in situations where the survival
of herbivores or insect predators is marginal, for example
at the edges of ranges or where climate change or other
impacts are placing species under stress. CO2 impacts
on plants and plant consumers are difficult to predict
because there are so many uncertainties, but major
impacts have not been observed in field studies (see
section 3.6). CO2 fertilisation is not mentioned in most
of the bioregional summaries, but is considered likely
to contribute to eastward range contractions of some
animals, for example koalas, and to reduce densities of
others. Reduced nutritional quality of leaves has received
little attention in major reports about climate change
(Steffen et al. 2009; Dunlop and Brown 2008) but may
prove a serious issue, although adequate research is
lacking (Hovenden and Williams 2010).
14. Queensland will differ from the Northern Hemisphere
in not experiencing widespread forest deaths caused
by insects benefiting from climate change. Wood
beetles in particular benefit from rising temperatures
in northern forests where harsh winters impose severe
limits on insect reproduction (Kamata et al. 2002; Logan
et al. 2003; Hódar and Zamora 2004; Parmesan 2006).
Queensland does not have severe winters limiting insect
survival and the same problems have not emerged
in Australia. But surprises could occur, with serious
pathogens or destructive insects unexpectedly benefiting
from some aspect of climate change. The plant pathogen
Phytophthora cinnamomi has been nominated as
something that could benefit from climate change in the
Wet Tropics and Central Queensland Coast.
Not all of these premises are likely to prove correct, so the
assessments are subject to high levels of uncertainty. But
many influences are opposing, and wrong assumptions
may sometimes cancel each other out. If, for example,
rainfall does not decline, but water use efficiency increases
only slightly, the outcome for plants might be the same
as if rainfall decreased and water use efficiency increased
substantially. It should be noted that if climate indicators
keep tracking above the IPCC’s worse case scenarios, the
scenarios presented here will be too optimistic.
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6.1.2 Methodological approach
The assessments draw upon published information,
especially the Biodiversity Planning Assessments
produced by DERM, on distribution records, and on
interviews with experts, including DERM biologists and
those employed by other institutions.
Within each bioregion the plants that dominate regional
ecosystems are assessed for their vulnerability, mainly
by considering how far they extend into drier regions.
Classification into high, medium and low vulnerability
was somewhat subjective, but the goal was only to
produce an indicative picture of change rather than
definitive predictions. Given the many uncertainties
about climate change, a more rigorous process would
not necessarily have produced more reliable predictions.
The list of regional ecosystems was taken from Sattler
and Williams (1999). Many new regional ecosystems
have been defined since this publication and can
be accessed in the Regional Ecosystem Description
Database (Queensland Herbarium 2009) but due to time
constraints were not assessed. Plant names have been
updated where these have changed since Sattler and
Williams (1999) was published.
Assessments of vulnerability are based largely on
interpretations of distributions. The climatic tolerances
of most species are not known, and distribution records
are the surrogate source of information used in modeling
studies and the assessments provided here. But levels
of risk can be over-stated because distributions do not
necessarily reflect climate, as noted in the previous
chapter. Distributions have been assessed according to
the principles outlined under assumption 7.
Each section features a biogeographic overview to
help identify the species likely to be at the edge of
their climatic tolerances. This section usually focuses
on species endemic to the bioregion or with disjunct
distributions. These species are important sources
of information about climatic refuges and about past
responses to climate change, and often have high
conservation significance and high vulnerability, being
relicts of past climates.
Some species are endemic to very small areas but fail to
qualify as bioregional endemics because they straddle
bioregional boundaries. These species are also taken
into account when assessments are made. Important
examples include open forest species that range from
the western edge of the Wet Tropics to the eastern edge
of the Einasleigh Uplands and plants found in the New
England Tablelands that extend along ranges into Southeast Queensland.
Some bioregions are rich in endemic species and others
have very few. The western bioregions (North-west
Highlands, Gulf Plains, Mitchell Grass Downs, Desert
Uplands, Channel Country, Mulga Lands) have few
endemic species, which is taken as evidence that past
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aridity has eliminated most relicts of wetter climates.
Within the Desert Uplands, an exception must be
made for the White Mountains, a centre for endemic
plants, disjunct plants and animals, and an endemic
lizard (Lerista wilkinsi). These mountains adjoin the
Einasleigh Uplands, and if levels of endemism were a
criterion for establishing bioregional boundaries they
would sit better within that region. The Brigalow Belt is
Queensland’s largest bioregion and its endemic species
are concentrated into the elevated lands in the southern
half and on the north-eastern edge.

The same approach is taken for common species, except
that plants that dominate regional ecosystems are
assessed. Common species are usually thought to be
less vulnerable to climate change because they have
large populations typically spread over a range of climatic
zones. But dominant eucalypts can be very susceptible
to droughts of unprecedented severity because they
have strategies for maximising growth that increase their
vulnerability to drought (see section 4.1). Within the
Channel Country common animals could also be very
susceptible to heatwaves occurring during droughts.

Threatened species may be inherently vulnerable to
climate change because their small populations render
them vulnerable to any change, even though their
climatic tolerances may be broad (see section 5). No
attempt is made to assess all the threatened species
in each bioregion. Large numbers of rare plants may
well be threatened by increasing fire risk or by climatedriven shifts in plant competition, but there are too many
plants to assess and inadequate information about most
species. There is a focus on threatened species mainly
when some useful prediction can be made. Species are
described as ‘endangered’ or ‘vulnerable’ in accordance
with the Queensland Nature Conservation (Wildlife)
Regulation 2006. The word ‘significant’ is used to
describe disjunct populations as well as species listed
under the Regulation.

Plant records for each section have been taken directly
from Queensland Herbarium records. Where data about
plant habitats and soils is provided this has usually been
taken from specimen records on the BriMapper database.
The other major source of information has been the
Biodiversity Planning Assessment expert panel reports on
flora, fauna and landscapes.
These bioregional assessments are far from
comprehensive, and should be interpreted as initial
assessments that attempt to identify the main issues
of concern. Each has been reviewed by staff at DERM
with long-term field experience of the region, including
at least one botanist and one zoologist. The botanists
included the Bioregional Coordinators at the Queensland
Herbarium responsible for vegetation mapping in each
bioregion, and the zoologists are members of the
Ecological Assessment Unit of DERM.

Lamington National Park in South-east Queensland has large numbers of rare species confined to upland rainforest. Their limited
distributions may indicate a need for cool conditions, and/or very wet or humid conditions, or a failure to spread beyond the refugia
they occupied during arid glacial periods. The iconic refugial species in this park is the Antarctic beech (Nothofagus moorei), a tree that
may prove very vulnerable to climate change, or fairly resilient, depending upon which interpretation of its distribution is more accurate.
Photo: DERM
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6.2

North-West Highlands

Granite hills around Mt Isa provide fire refuges for arid peach (Terminalia aridicola) and hill kurrajong (Brachychiton collinus), and the
flats below support a stunted mallee form of the silver-leaved ironbark (Eucalyptus melanophloia). Recent fires in the bioregion have
killed very old kurrajongs, showing that a higher fire risk under climate change poses a threat to these fire-sensitive trees. Photo: Tim Low

he low levels of endemism in this bioregion, and
the limited tree deaths during drought, suggest
that most plants do not live close to their climatic
limits. But fire could pose a threat to some vegetation
communities, and fire and heatwaves could cause
many animal deaths, justifying a greater focus on
fire management.

T

6.2.1 Climate change
Temperatures are projected to increase by 3.4 °C by 2070,
with an increase of 4.9 °C considered possible. These
figures, and those for rainfall, are based on projections
developed for regions that overlap with the North-west
Highlands but do not have the same boundaries (see
section 2), so are only indicative. In Camooweal, the
number of days above 35 °C may increase from the
current 156 per year to 229 by 2070. The average annual
temperature in the region has increased over the past
decade by 0.4 °C.
Future rainfall is more difficult to predict. The ‘best
estimate’ is for a 5% decrease by 2070, but model
predictions vary from an increase of 24% to a decrease
of 31%. Using only IPCC global climate models that
accurately simulated past Australian climates, Suppiah
et al. (2007) and Perkins and Pitman (2009) predicted an
increase in rainfall for the Northwest Highlands.
Fire risk could increase or decrease. It will increase from
higher temperatures and greater fuel connectivity if the
rainfall also increases or if rising CO2 levels compensate
plants for declining rainfall by increasing water use
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efficiency, which does not seem likely. It will decrease if
declining rainfall reduces fuel connectivity by reducing
plant growth.

6.2.2 Biogeography
The Northwest Highlands is elevated and topographically
diverse, but lacks the high species diversity found in rugged
landscapes further east. Most of its species are widespread
in arid regions of northern Australia, with distributions
that often extend into Western Australia. The bioregion
has few endemic species, suggesting that Tertiary aridity
caused regional extinctions and subsequent colonisation
by widespread arid-adapted species. Most of the endemic
species it has – including the kalkadoon grasswren
(Amytornis ballarae), the mallee (Eucalyptus nudicaulis) and
the pea bush (Cajanus lanuginosus) – are superbly adapted
to aridity, as are a small number of species with disjunct
populations in the bioregion (Table 7).
The endemic species must have survived the intense
aridity of the Last Glacial Maximum in situ, since there
is no nearby wetter region with suitable substrates that
could have served as an ice age refuge. The silver-leaved
ironbark (Eucalyptus melanophloia) is of great interest
as a dominant tree in many ecosystems in the eastern
half of Queensland that is represented in the Northwest
Highlands by one population consisting of mallees
only 2-6 m tall. This is an exceptional growth form for
an ironbark and is almost unique in this species to this
location, an example of an evolutionary shift in one
population that allows it to persist outside the species’
normal climate range.
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Table 7. Plants and animals in the Northwest Highlands with
disjunct populations
Species

Main distribution

Townsville wattle (Acacia
leptostachya)

eastern half of Qld

Adriana urticoides

eastern and central
Australia

Cape York lilly (Curcuma
australasica)

North Queensland,
Top End

Silver-leaved ironbark (Eucalyptus
melanophloia)

eastern half of Qld

Tephrosia conspicua

Einasleigh Uplands,
Top End

Carpentarian pseudantechinus
(Pseudantechinus minulus)

eastern NT

Ten-lined striped skink (Ctenotus
decaneurus)

north-western
Australia

Striped skink (Ctenotus helenae)

central Australia

Mitchell’s water monitor (Varanus
mitchelli)

north-western
Australia

Of the endemic species, only the Lawn Hill cycad (Cycas
brunnea) can clearly be identified as a relict of a wetter
past. None of them appears to be highly susceptible to
climate change, although this could reflect inadequate
information. Plants in the region with high water
requirements also do not appear vulnerable because they
are confined to watercourses or springs that are likely to
retain water in future, with rocky slopes in the bioregion
guaranteeing high wet season runoff.
Identifying species of high vulnerability is difficult
because the region is unusual in lacking a suite of relict
species from wetter times. Changed fire risk may be the
most important driver of ecosystem change (Dan Kelman
pers. comm.). If rainfall increases, fire risk will greatly
increase from greater fuel abundance and connectivity
and higher temperatures.

6.2.3 Vegetation
Eucalypt deaths during drought occur across much of
Queensland but seldom in the Northwest Highlands,
suggesting that the dominant trees do not live close to
their climatic limits. The dominant eucalypts (in genus
Eucalyptus) in the region regrow as mallees (stunted
multistemmed trees) when burnt or cut, and they should
be able to persist under a more arid climate by adopting
this form. The eucalypts in the region also shed foliage
during drought as a survival strategy (Dan Kelman
pers. comm.). Broad-leaved carbeen (E. confertiflora) is
completely deciduous during each dry season.
The trees that dominate regional ecosystems in the
bioregion (Morgan 1999d) are tentatively assessed for
their potential vulnerability to climate change based on
distribution (Table 8. Dominant trees and shrubs in the
Northwest Highlands and their potential vulnerability
to climate change). This assessment may overstate
vulnerability, since landform changes rather than
limited tolerances for aridity may prevent species from
occupying drier regions further south-west, creating a
false impression of vulnerability. Some species assessed
as having medium or high vulnerability, based on small
distributions within the region, for example swamp
bloodwood (Corymbia ptychocarpa) and Mataranka palm
(Livistona rigida), rely on springs or watercourses that
may prove reliable even if rainfall declines.
Rainfall in the region increases, and summer
temperatures decrease, on a south-west to north-east
gradient. Plant distributions are strongly stratified along
this gradient. If climate change results in a hotter drier
climate, the inland edges of some species’ ranges may
contract towards the north-east, including the species
assessed in Table 8 as having medium vulnerability.

Table 8. Dominant trees and shrubs in the Northwest Highlands and their potential vulnerability to climate change
Low Vulnerability

Medium Vulnerability

Mulga (Acacia aneura)
Gidgee (A. cambagei)
Whitewood (Atalaya hemiglauca)
Ghost gum (Corymbia
aparrerinja)
Western bloodwood
(C. terminalis)
River red gum (Eucalyptus
camaldulensis)
Vine tree (Ventilago viminalis)

Georgina gidgee (Acacia
georginae)
Lancewood (A. shirleyi)
Rough-leaved ghost gum
(Corymbia aspera)
Bloodwood (C. capricornia)
Large-leaved cabbage gum
(C. grandifolia)
Long-fruited bloodwood
(C. polycarpa)
Snappy gum (Eucalyptus
leucophloia)
Cloncurry box (E. leucophylla)

High Vulnerability
Coolabah (E. microtheca)
Normanton box
(E. normantonensis)
Silver-leaved box (E. pruinosa)
Mataranka palm (Livistona
rigida)
Northern swamp box
(Lophostemon grandiflorus)
Bauhinia (Lysiphyllum
cunninghamii)
Weeping paperbark (Melaleuca
leucadendra)

North-west ghost gum
(Corymbia bella)
Rusty bloodwood
(C. ferruginea)
Swamp bloodwood
(C. ptychocarpa)
Darwin woollybutt
(Eucalyptus miniata)
Silver-leaved ironbark
(E. melanophloia
subsp. dajarra)
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On red earth plains, whitewood (Atalaya hemiglauca),
Cloncurry box (E. leucophylla) and silver-leaved box
(E. pruinosa) replace each other sequentially as dominant
species on the south-west to north-east gradient of
increasing rainfall. Where the two eucalypts meet, they
form a hybrid zone approximately 20-50 km wide. If
rainfall declines, the boundaries between the zones of
dominance can be expected to shift to the north-east.
Fire plays a larger role than rainfall or soil in determining
the local distribution of some species. A suite of firesensitive species, including hill kurrajong (Brachychiton
collinus), arid peach (Terminalia aridicola), red ash
(Alphitonia excelsa) and poison peach (Trema tomentosa),
grow where rock outcrops offer protection from fire,
even in very barren locations (Dan Kelman pers. comm.).
These plants belong to genera often associated with
rainforest. Another suite of ‘rainforest’ trees can be found
around springs and in gorges where water is reliable.
Neither group seems immediately susceptible to higher
temperatures or declining rainfall. But higher rainfall
could threaten the hill kurrajong, which is nearly endemic
to the region, and presumably survived there during the
Last Glacial Maximum when the climate was much drier.
Large kurrajongs, apparently hundreds of years old, were
recently killed by fires fuelled by grasses benefiting from
above-average rainfall (Dan Kellman pers. comm.).

6.2.4 Fauna
Fire and heatwaves could cause many animal deaths.
The bioregion contains several small vertebrates of
conservation significance thought to be vulnerable to
fires reducing suitable habitat.
The Carpentarian grass wren (Amytornis dorotheae) is
endangered in the Northern Territory by an increasing
incidence of fires, and most of the remaining populations
now occur in the Northwest Highlands. An increasing fire
risk in the bioregion could reduce its numbers, although
this could be managed.
The vulnerable purple-crowned fairy-wren (Malurus
coronatus) is also susceptible to an increased intensity of
fire in its restricted habitat, which is riparian vegetation
along northward flowing rivers. A second and possibly
greater threat for this species would be increased
trampling of its habitat by cattle during extended droughts.
The threats to the endangered night parrot (Pezoporus
occidentalis) are not reliably known but are thought to
include large fires (Garnett and Crowley 2000). Several
unconfirmed sightings have been made in the bioregion
(Garnett et al. 1993).

The Lawn Hill cycad (Cycas brunnea), endemic to
damp gullies and flats within Boodjamulla (Lawn Hill)
National Park, may contract to the wettest locations if
rainfall declines.
Eucalypts are often killed or damaged when fires burn
across slopes supporting spinifex (Triodia pungens), or
along watercourses dominated by Cloncurry buffel grass
(Pennisetum pennisetiforme), perennial bluegrasses
(Dichanthium fecundum, Bothriochloa ewartiana) or
annual grasses. Climate change has the potential to
increase fire risk in these environments. If rainfall
increases, the fire risk will increase substantially,
resulting in many eucalypt deaths and possible
vegetation shifts.
Severe droughts in central Australia could drive large
numbers of camels into Queensland (Frank Keenan pers.
comm.), including the Northwest Highlands, with serious
consequences for woody vegetation (see section 6.6).
Desperate camels are not stopped by fences.
If higher temperatures are accompanied by lower rainfall,
livestock densities should fall, because pastures dry
out quickly during hot weather, reducing their quality
for stock. Landholders are unlikely to replace cattle with
goats because predatory dingoes are plentiful. Lower
stocking rates will benefit biodiversity.
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Living on large outcrops, the ring-tailed dragon (Ctenophorus
caudicinctus) has insulated crevices to retreat to during
exceptional heatwaves, giving it a level of temperature security
that most animals lack. But a very long drought, combined with
higher temperatures, could deprive it of food. Photo: Terry Reis

If higher temperatures are accompanied by more rainfall,
many common species as well will be affected by an
increasing incidence of hot fires burning over large areas.
The affected animals will include woodland birds and
mammals, and reptiles and insects that shelter in spinifex.
If temperatures rise by several degrees, periodic deaths of
birds and other animals can be expected during summer
heatwaves, as occurred among birds in central and
south-west Queensland in 1932, when many thousands
died (see section 3.1). The reptiles in the region may be
less vulnerable than other animal groups, because most
species can survive by sheltering in cool burrows and
crevices; they can reduce activity in summer and increase
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it in spring and autumn. But spinifex-dwelling species
would be at risk if a heatwave occurred after a fire removed
the cover they rely on. The spectacled hare-wallaby
(Lagorchestes conspicillatus), which shelters under
spinifex, could also be vulnerable after large fires.
The purple-necked rock-wallaby (Petrogale purpureicollis)
is a common species of special interest because it is
largely endemic to the bioregion. It does best around
permanent water, and populations with no access to
water die out during severe droughts (Van Dyck and
Strahan 2008). If temperatures rise several degrees,
populations could contract back to rugged areas near
permanent water, where substantial caves and overhangs
afford shelter from extreme heat. Heatwaves may force
rock-wallabies and wallaroos (Macropus robustus)

6.3

deeper into caves, potentially disturbing roosting and
breeding microbats (Terry Reis pers. comm.).

6.2.5 Management
Effective fire management offers the best opportunity to
minimise the impacts of climate change in this bioregion.
A substantial extra focus on fire management will be
necessary if increasing temperatures are accompanied by
an increase in rainfall. Cloncurry buffel grass (Pennisetum
pennisetiforme) should be kept out of conservation areas
because it fuels hot fires.
Camels should be controlled in central Australia to
prevent their numbers increasing in other regions,
including the Northwest Highlands.

Gulf Plains

The Gulf Plains are important for waterbirds such as brolgas (Grus rubicundus). Flat places collect water after major rains to the
benefit of these birds. Photo: Brett Taylor

he Gulf Plains bioregion is dominated by vast
plains vulnerable to increased flooding over large
areas and to sea level rise near the coast. The
unprecedented 2009 flood, in conjunction with high
cattle densities, caused widespread loss of understory
and native fauna, highlighting the need for destocking
after major floods to facilitate biodiversity recovery.
Limited knowledge of biodiversity and grazing impacts in
the region are a barrier to better understanding of likely
climate change impacts and necessary responses.

T

6.3.1 Climate change
Temperatures are projected to increase by 3.2 °C by 2070,
with an increase of up to 4.4 °C considered possible. The
number of days in Burketown above 35 °C may increase
from the current 102 days a year to 222 by 2070. The
Gulf Plains experience the highest mean temperatures
in Queensland, but summer maximum temperatures are
higher in southwest Queensland, the difference occurring
because southwest Queensland has colder winters.
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Future rainfall is more difficult to predict. The best
estimate prediction is for a 2% decline in annual rainfall,
but a decrease of up to 26% or an increase of up to 24%
is considered possible. Summer rainfall, which makes up
more than 90% of annual rainfall, is projected to remain
stable, but spring rainfall may decline by 18%. Average
rainfall has remained stable over the past decade, and
has trended upward since 1950. Future rainfall events are
expected to be more intense, with an increase in average
rainfall per day of rain.
Fire intensity is likely to increase due to higher
temperatures, but grazing, by reducing fuel loads, has
a stronger influence on flammability in the Gulf Plains
than climate.
Sea-level rise has the potential to inundate large areas
in the Gulf Plains because the land is so low and flat.
However, land is accreting along parts of the eastern side
of the Gulf, confounding any simple predictions about
sea level impacts.
It is predicted that cyclone frequency will decrease
slightly but that the number of long-lived and severe
(category 3-5) cyclones will increase. The combination of
more intense cyclones and rising sea levels will lead to
storm surges penetrating further inland.

6.3.2 Biogeography
The Gulf Plains have limited topographic diversity and
large expanses of young surfaces, including Australia’s
largest marine plains, resulting in a lower diversity
of plants and animals than other bioregions. The
bioregion has relatively few threatened species (because
distributions and therefore population sizes are usually
large, extending well outside the region) and few species
that can be considered relicts.
The one exception to this situation is provided by the
Gilberton Plateau, an extension of the Einasleigh Uplands
on the eastern margin, which reaches 1080 m altitude.
It has disjunct populations of some plants otherwise
found much further south, for example Angophora
leiocarpa and Wahlenbergia islensis. This range, of which
Blackbraes National Park forms part, is also the western
limit of distribution for some species, for example
Leptospermum lamellatum and Stylidium velleioides.
Some species are absent from the plains of the Gulf
Plains but can be found on higher land on the eastern
and western edges, or on elevated lands to the east
and west of the bioregion. These include three lizards
associated with rocks (Egernia hosmeri, Gehyra nana,
Varanus storri) (Wilson 2005) and two common trees,
Darwin woollybutt (Eucalyptus miniata) and tropical
cypress (Callitris intratropica).
Rainforest communities (beach scrubs) occur on dune
systems close to the sea, but these are not relict habitats,
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consisting of species with wide distributions that have
colonised the dunes following stabilisation of sea levels
in the Holocene.
During the Pleistocene ice ages the Gulf Plains were
connected to New Guinea via vast grassy plains, with a
lake remaining in the centre of today’s Gulf of Carpentaria.
A sediment core from this lake indicates dramatic
fluctuations in rainfall and temperature over the past
40,000 years, including periods when the Australian
monsoon was reduced or absent (De Deckker 2001),
producing a climate on the Gulf Plains that was drier but
cooler than it is today. During arid periods of low sea level,
many species that are common on the Gulf Plains today,
such as brolgas and magpie geese, would have had their
main regional populations centred on wetlands on this
now-submerged plain.

6.3.3 Vegetation
The dominant tree species (Morgan 1999c) have been
tentatively assessed for their climatic vulnerabilities,
based on distributions (Table 9). Species that do not
occur south of the Gulf are mostly designated ‘medium
vulnerability’ because the strong climatic gradients within
the Gulf could result in many of these trees contracting
towards the coast if higher temperatures and lower
rainfall translate into greatly reduced water availability
in the south of their range. Most of the species listed as
‘high vulnerability’ are confined within this bioregion
to its eastern edge, where contractions eastwards may
result in their loss from the bioregion. The contracting
species may include those confined to the Gilberton
Plateau. Most of these plants have good prospects
of survival under climate change in more easterly
bioregions. The plants listed as ‘low vulnerability’
extend south of the Gulf Plains into drier bioregions.
In the northern parts of the bioregion some plains are
waterlogged during summer, implying an excess of water
during the main growing season, and the impact of
rainfall declines will depend on the importance of spring
rainfall to plant growth.
Because this bioregion is so flat, with limited drainage,
sustained rainfall can produce long-lasting floods. The
prediction for Australia of ‘longer dry spells interrupted
by heavier precipitation events’ and of cyclones of greater
intensity (CSIRO and Bureau of Meteorology 2007) could
lead to increased flood duration on the Gulf Plains. The
2009 floods were very unusual, with Tropical Cyclones
Charlotte and Ellie in January and February producing
unprecedented rainfall and floods of unprecedented
heights and duration (Gobius 2010). More than 5.8
million hectares of land were inundated and more than
10,000 cattle lost (Gobius 2010). Water remained in the
Norman River catchment for more than six weeks over
large areas, and in some places for up to twelve weeks,
resulting in widespread pasture death.
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Table 9. Dominant trees and shrubs in the Gulf Plains and their potential vulnerability to climate change
Low Vulnerability

Medium Vulnerability

High Vulnerability

Whitewood (Atalaya hemiglauca)
Gidgee (Acacia cambagei)
Lancewood (A. shirleyi)
River cooba (A. stenophylla)
Grey mangrove (Avicennia marina)
Coast she-oak (Casuarina equisetifolia)
Ghost gum (Corymbia aparrerinja)
Western bloodwood (C. terminalis)
River red gum (Eucalyptus camaldulensis)
Snappy gum (E. leucophloia)
Cloncurry box (E. leucophylla)
Coolabah (E. microtheca)
Beefwood (Grevillea striata)
Cotton tree (Hibiscus tiliaceus)
Silver leaved paperbark (Melaleuca
argentea)
Paperbark (M. nervosa)
Broad-leaved paperbark (M. viridiflora)
Vine tree (Ventilago viminalis)

Liniment tree (Asteromyrtus
symphyocarpa)
Bauhinia (Lysiphyllum cunninghamii)
Ghost gum (Corymbia bella)
Broad-leaved carbeen (C. confertiflora)
Long-fruited bloodwood (C. polycarpa)
Large-leaved cabbage gum
(C. grandifolia)
Northern glossy-leaved box
(E. chlorophylla)
Gutta-percha tree (Excoecaria parvifolia)
Silver-leaved box (Eucalyptus pruinosa)
Darwin stringybark (E. tetrodonta)
Weeping paperbark (Melaleuca
leucadendra)
M. stenostachya
Native almond (Terminalia canescens)

Lemon-scented gum (Corymbia citriodora)
Clarkson’s bloodwood (C. clarksoniana)
Gilbert River ghost gum (C. gilbertensis)
Bloodwood (C. pocillum)
Rough-leaved bloodwood (C. setosa)
Moreton Bay ash (C. tessellaris)
Narrow-leaved ironbark (E. crebra)
Cullen’s ironbark (E. cullenii)
Molloy red box (E. leptophleba)
Gilbert River box (E. microneura)
Darwin woollybutt (E miniata)
Cabbage gum (E. platyphylla)
Silver-leaved ironbark (E. shirleyi)
Queensland yellowjacket (E. similis)
Darwin box (E. tectifica)
Coastal paperbark (Melaleuca acacioides)
Tea tree (Melaleuca foliolosa)
White bottlebrush (Melaleuca saligna)
Leichhardt tree (Nauclea orientalis)

Old timers could not recall any flood of that duration
nor any mention of one by their parents, and Aboriginal
residents had no stories passed down of sustained
floods, suggesting that no similar event had occurred for
a long time, although there is an unconfirmed report of
a flood in the late nineteenth century that forced people
from the land (Noeline Gross pers. comm.).

the 2010 floods. But annuals appeared in high density in
place of the previous perennial pastures. A sedge, downs
nutgrass (Cyperus bifax), became abundant over large
areas. Recovery of perennial pastures is occurring very
slowly. If climate change results in more or longer flood
events like this, the impacts on biodiversity could be
dramatic, causing permanent shifts in vegetation.

Pasture death was most extensive in low-lying areas, with
upper catchment areas suffering damage from water flow
instead, consisting of ‘severe erosion or sand deposition
along roads and fencelines, and also across pasture lands’
(Gobius 2010). In an assessment of pastures in some of
the flooded sites Gobius (2010) recorded the following:

The severity of this event was strongly influenced by land
management. On some properties high grazing pressure
after the flood greatly inhibited pasture recovery. Burning
prior to the flood also inhibited recovery (Gobius 2010).
Gobius recommended spelling the country after the flood
to speed recovery, and the Department of Employment,
Economic Development and Innovation has produced
general guidelines advising graziers affected by
drought to ‘Spell pastures to allow new shoots to grow,
replenish plant root reserves, set seed and for seedlings
to establish.’

‘Areas flooded for greater than approximately 4 weeks
had little to no pasture left; there was minor litter in
the form of leaves and small woody pieces. There
were only rare examples of the intermediate Golden
Beard grass (Chrysopogon fallax) as the highest
quality grass. The remaining ground cover consisted
of sedges and varying mixtures of annual species,
principally love grasses and dropseeds (Eragrostis,
Eriachne, Enneapogon and Enteropogon). Substantial
areas of Spinifex had suffered but there were clear
signs of recovery. Bluegrasses were seen growing
from termite mounds as well as black spear grass,
however, between these high points, little survived.’
Riverbank sand deposited on some pastures contributed
to loss of grass (Gobius 2010). Pastures on sandy soils
recovered better than those on clay and duplex soils,
which retained water longer. Shrubs and trees were not
killed, but waterlilies in lagoons were. After the flood
subsided, a good wet year with minor flooding in April
2010 promoted widespread germination of seeds that
were possibly carried into previously inundated areas by

Many landholders believe the floods of 1974 promoted
mass recruitment of woody plants, especially gutta-percha
(Excoecaria parvifolia), breadfruit tree (Gardenia vilhelmii)
and broad-leaved paperbark (Melaleuca viridiflora), and
they expect further recruitment after the 2009 floods
(Hans Dillewaard pers. comm.). But woody thickening is
controversial, with questions raised about the extent to
which it is occurring and about whether the main cause
is lack of burning by graziers unwilling to sacrifice grass
to fire, as is the situation on the eastern side of Cape York
Peninsula, where the phenomenon is better documented
(Crowley and Garnett 1998; Crowley et al. 2004). As with
pasture deaths during the 2009 flood, interpretation of
vegetation change is difficult due to lack of baseline studies
and enclosure plots. But there are ample fenceline contrasts
to show that land management is having an influence
on tree density (and also on pasture composition) (Hans
Climate Change and Queensland Biodiversity
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Dillewaard pers. comm.), and it is accepted that thickening
of paperbarks is occurring in Staaten River National Park in
the north east of the bioregion (Russell Best pers. comm.).
A higher fire risk under climate change could decrease rates
of thickening if it results in more fires. Fire risk will increase
greatly if rainfall increases rather than decreases. But rising
C02 levels will facilitate thickening, and this process may
dominate if graziers limit burning.

Because the Gulf Plains are so flat, sea level rise could
cause large inundations of coastal land. But comparison
of aerial photos from the 1960s and 2009 shows that land
is instead accreting in some places on the eastern side of
the Gulf. North of Normanton, sediment outflows from the
Gilbert and Mitchell rivers are probably the explanation for
an extension outwards of 50–100 m (Hans Dillewaard pers.
comm.). The sediment has been colonised by mangroves,
saltmarshes, dune communities, beach scrubs and
eucalypt and acacia woodlands.
The same comparison is difficult to make for the western
side of the Gulf for technical reasons (John Thompson
pers. comm.) but the evidence suggests that no change
is occurring, apart from mangrove expansion along some
tidal creeks. If rising seas outpace accretion in subsequent
decades, which will become increasingly likely, the flat
gradient should promote landward migration of coastal
ecosystems, especially mangroves and saltmarshes. In
many bioregions, steep land or human infrastructure will
impede mangrove spread, but the Gulf Plains may instead
see an increase in mangrove communities (see section 4.3).
At risk from sea level rise may be some dune complexes
supporting vine scrubs, which are rainforest communities
that support 40-50 widespread species at a typical site
(Hans Dillewaard pers. comm.); dune formation may not
keep track with sea level rise. Rainforest communities are
also threatened by cattle and feral pigs sheltering within
them to avoid heat stress during hot weather.
Droughts in temperate Australia have inspired calls for
more agricultural development in the north. The rivers
and floodplains of the Gulf Plains could be targeted for
intensive development with subsequent loss of native
vegetation.

6.3.4 Fauna

Liniment tree (Asteromyrtus symphyocarpa) may contract
northwards in response to climate change. Pollinating birds will
assist its survival. Photo: Tim Low

Floods often promote weed invasion by creating large bare
areas of deeply saturated soil, by transporting seeds, and
by breaking seed dormancy. Parkinsonia (Parkinsonia
aculeata) is a major woody weed that is thickening up
on the marine plains of the Norman River from seedling
recruitment following the 2009 flood (Nathan March pers.
comm.). Although parkinsonia is a Class 2 declared pest,
requiring landholder control, management in the catchment
is not adequate to prevent an increase in its density. The
biodiversity assets under greatest threat are seasonal
wetlands, an issue considered further in the next section.
Weed diversity in Queensland keeps rising, and new weeds
that enter the bioregion, if they are prolific seed producers
with waterborne seeds, have the potential to spread rapidly
over large areas of the Gulf following large flood events.
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The Gulf Plains is a remote and poorly studied bioregion
and limited knowledge of the fauna limits the predictions
that can be made about responses to climate change.
In a reptile survey conducted soon after the 2009 flood
most ground-dwelling reptiles were missing from 35 sites
near the Norman River that were flooded (Preece 2009).
Completely absent reptiles included usually common
skinks, geckoes and dragons in genera Ctenotus,
Menetia, Morethia, Ctenophorus and Diplodactylus.
Only two ground-dwelling species (Heteronotia binoei,
Carlia munda) were found, presumably because they had
sheltered on tree trunks. Two semi-arboreal lizard genera
were also absent (Oedura, Strophurus), and so too were
all small mammals and frogs, although less survey effort
went into detecting these. Preece (2009) concluded:
‘The floods appear to have killed most of the grounddwelling fauna. Only those which can survive in trees
have been able to survive, perhaps because of their
ability to climb above the flood-waters and survive
for weeks on the minimal amount of food available to
them on the trees.’

6. Bioregional reviews
In another biodiversity assessment Gobius (2010) noted
the following:
‘The most obvious biodiversity loss was the mound
building termites types. There are signs of tree dwelling
species surviving. One grazier suggested the flood had
decimated the wild pig population. Many waterholes
appear to have had oxygen reduction events creating
large fish kills. Water quality generally would appear
to have suffered through several silting, lagoon lily
community decimation and/or algal blooms.’

is removed by cattle, there is little cover for ground fauna
and limited food for the insects on which many ground
vertebrates prey. Temperatures at ground level will also
be higher.
Mass deaths of birds and macropods will become likely
during extreme summer heatwaves, as occurred among
birds in central and south-west Queensland in 1932 (see
sections 3.1 and 6.6). Maximum summer temperatures
are very high in the southern half of the bioregion,
matching those in the Mitchell Grass Downs, a region in
which mass deaths were recorded in 1932.
Increasing heat and aridity in the southern half of the
bioregion could result in northward contractions of some
species, and northward expansions of arid zone species.
Fauna confined to the eastern third of the bioregion may
contract eastwards, especially those confined to the
Gilberton Plateau. Arid zone species may increasingly
colonise the south of the bioregion.

Bynoe’s gecko (Heteronotia bynoei) was the only ground reptile
to survive the 2009 Gulf Plains flood in large numbers. It is one of
inland Australia’s most successful vertebrates. Photo: Terry Reis

Other anecdotal information recorded by Gobius (2010)
was that many kangaroos and wallabies stranded by the
flood died from starvation or exposure, bird populations
fell, cane toad and centipede numbers fell, wildlife
including snakes and lizards congregated around houses
during the flood as these were among the few places out
of water, and algal blooms were prevalent after the flood,
leading to concerns about water quality.
Large floods are natural events, but their size and
duration may increase under climate change, resulting
in reduced survival rates of ground fauna. During the
2009 flood the limited elevated lands (hills, ridges)
within the flood zone were densely crowded with cattle
(Noel Preece pers. comm.), which would have trampled
ground animals and removed any vegetative ground
cover. Grazing densities have increased in the Gulf Plains
in recent decades and there are more fences to limit
livestock movements. The crowding of flood refuges by
cattle may thus constitute a new impact limiting fauna
survival during floods and subsequent population
recovery (Noel Preece pers. comm.). Higher temperatures
and lower mean rainfall may also reduce the capacity of
fauna to recover after droughts.
Preece (2009) recommended spelling the country after
floods to increase ground fauna recovery. If new growth

The Cape York subspecies of star finch (Neochmia
ruficauda clarescens), which Garnett and Crowley (2000)
consider endangered, has a small population around
Karumba (Garnett et al. 2005) that could be threatened
by sea level rise. A better known population on Cape
York Peninsula relies on a saltmarsh grass (Xerochloa
imberbis) (Garnett et al. 2005) that may fail to migrate
inland in sufficient numbers with sea level rise (see
section 6.4).
The Gulf Plains provide habitat for declining seed-eating
birds (Franklin et al. 2005) including the endangered
Gouldian finch (Erythrura gouldiae). These birds are
affected by grazing preventing seed set and changing fire
regimes, but the threats are poorly understood. Franklin
et al. (2005) found a strong correlation between declining
granivores and grazing, which was highest in areas with
high rainfall variability. Climate change is likely to alter
fire regimes and grass recruitment, but too little is known
about bird and grass ecology in the Gulf Plains to predict
the implications for finches. Some birds could also be
threatened in some locations by native tree thickening,
although this does not appear to be a problem for the
one population of endangered golden-shouldered parrots
(Psephotus chrysopterygius) in the Gulf Plains, found in
Staaton River National Park (Lana Little pers. comm.).
Invasion of wetland edges by parkinsonia, a major
woody weed, poses a more definite threat (Nathan March
pers. comm.). As noted above, this weed is increasing
in density across the Norman River catchment, where it
is invading the previously treeless margins of seasonal
wetlands that provide important habitat for waterbirds,
including migratory waders. Waders require wetlands
with open margins. The Gulf Plains are recognised by
BirdLife International as an Important Bird Area for their
large populations of waterbirds and migratory waders.
Rising seas will eventually inundate some of the wetlands
used by these birds, but upslope replacement may occur.
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6.3.5 Management
Two barriers to sound management of Gulf Plains
biodiversity under climate change are high grazing
pressure and lack of data about biodiversity. High
cattle numbers during and after floods exacerbate
flood impacts on ground fauna and flora, while the
lack of information makes it very difficult to know how
biodiversity management could be improved (apart from
reducing grazing pressure where it is high). The bioregion
is, for example, noted for supporting the endangered
Gouldian finch (Morgan 1999), a bird thought to be
threatened by grazing (Garnett and Crowley 2000), but
there is almost no information from the region about its
distribution, numbers, diet, movements or responses to
grazing and changing fire, and it is thus not possible to
provide recommendations for management.

Very little is known about the current status of the rare star
finch (Neochmia ruficauda) on the Gulf Plains due to a paucity
of birdwatchers and biologists operating in this remote and
difficult region. Photo: Jon Norling

If drought severity increases, the vulnerable purplecrowned fairy-wren (Malurus coronatus) may be very
susceptible to increased trampling by cattle of the riparian
vegetation it depends on (Glen Holmes pers. comm.). It
would also be vulnerable to increased fire intensity in
its restricted habitat. Higher temperatures could also
encourage cattle to spend more time in shady riparian
habitats, including fragile monsoon rainforests, with
detrimental impacts on fauna.
The nationally vulnerable brush-tailed rabbit-rat (Conilurus
penicillatus) is threatened by hot late season fires (Firth
et al. 2010) which will become hotter under climate
change, facing at risk the population on Bentinck Island
in the Wellesley group. Hot fires, by degrading riparian
vegetation, also pose a threat to the vulnerable Gulf
snapping turtle (Elseya lavarackorum) (Freeman 2010), and
higher temperatures will worsen this impact.
Fauna on the Gulf Plains will also be threatened if grader
grass (Themeda quadrivalvis), gamba grass (Andropogon
gayanus), mission grass (Pennisetum polystachion),
Cloncurry buffel grass (Pennisetum pennisetiforme) and
other highly flammable African grasses become more
widespread (see section 3.5). Gamba grass is currently
unknown from the region and should be kept out.
If climate change encourages more agricultural
development in northern Australia the consequences for
wildlife in the Gulf Plains could be serious. The rivers and
floodplains of most value for agriculture are also important
to wildlife. Animals such as magpie geese (Anseranas
semipalmata) and flying foxes (Pteropus species) would be
attracted to some crops, leading to conflicts with farmers.
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There is evidence of vegetation change in the Gulf in
response to grazing, floods and reduced fire, but the
lack of enclosure plots and paucity of previous surveys
and mapping makes it very difficult to identify long term
trends and causes and implications for biodiversity. In
Cape York Peninsula there are studies demonstrating
that thickening can be prevented by greater use of fire,
to the benefit of biodiversity (Crowley and Garnett 1998;
Crowley et al. 2004) but no parallel studies have been
conducted in the Gulf Plains, although findings from the
Cape have been drawn upon to justify regular burning
in Staaten River National Park on behalf of goldenshouldered parrots. Climate change could strongly
influence thickening, but given all the uncertainties
there is a need for research before management
recommendations can be provided. The need for more
biodiversity research is recognised by catchment
management groups and the Queensland Herbarium,
but recently initiated studies will be insufficient to fill the
many gaps in knowledge, and more are needed.
Graziers should be destocking after major floods to
facilitate recovery of pastures. The Department of
Employment, Economic Development and Innovation has
produced general guidelines. Conservative stocking rates
at all times will maximise the potential for adaptation of
species to climate change.
Riparian habitat in the west of the bioregion should be
protected from large cattle numbers to sustain habitat for
purple-crowned fairy-wrens and other fauna.
More control of parkinsonia is needed in the Norman
River catchment, especially where it poses a threat
to seasonal wetlands used by waterbirds. Flammable
invasive pasture grasses should be controlled to prevent
spread in the bioregion.
Proposals to increase agricultural development in the
region should be assessed and monitored for their
impacts on biodiversity.
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6.4

Cape York Peninsula

In a bioregion with a subdued topography, the McIlwraith Range is significant as the most elevated land, with a small suite of species
confined to its heights. Photo: DERM

ape York Peninsula faces lower impacts than most
of the state, with projected temperature increases
and rainfall declines that are smaller than in other
bioregions. But the changes place at risk various animals,
including upland frogs and an island rat, and even slight
changes in climate and fire risk are likely to lead to
vegetation changes, with subsequent impacts on fauna.

C

6.4.1 Climate change
Temperatures are projected to increase by 2.8 °C by
2070, with an increase of up to 3.7 °C considered
possible. These are smaller increases than are projected
for other bioregions. The number of days in Weipa above
35 °C is, however, expected to increase from the current
55 days a year to 189 by 2070. Cape York Peninsula is the
only bioregion in which temperatures have not risen over
the past decade. This compares with a 0.8 °C increase in
south-west Queensland over the past decade.
Future rainfall is more difficult to predict. The best
estimate projection is for a 1% decline in annual rainfall,
but a decrease of up to 21% or an increase of up to
24% is considered possible. (The CSIRO and Bureau of
Meteorology [2007] best estimate projection is for very
little change, shown as a very slight increase in rainfall for

the northern half of Cape York Peninsula.) CSIRO Summer
rainfall is projected to remain stable, but spring rainfall to
decline by 10%. Average rainfall has remained stationary
over the past decade, but has trended upward since 1950.
Fire intensity can be expected to increase from higher
temperatures and less spring rainfall.
It is predicted that cyclone frequency will decrease
slightly but that the number of long-lived and severe
(Category 3-5) cyclones will increase. The combination of
more intense cyclones and rising sea levels will lead to
storm surges penetrating further inland.

6.4.2 Biogeography
Cape York Peninsula is a relatively flat bioregion lying
between New Guinea and the Wet Tropics. It is dominated
by sclerophyll (Eucalyptus/Corymbia and Melaleuca)
woodland but supports small areas of rainforest, moist
sclerophyll forests, heathland, and substantial wetlands,
mangroves and saltmarshes. The Great Dividing Range
runs along the eastern side but along much of its length is
little more than undulating hills. The highest elevations are
reached in the McIlwraith Ranges, which are mostly above
300 m in elevation and whose highest point is 824 m.
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Cape York Peninsula is rich in endemic species (Table
10 and Table 11), but unlike in other eastern bioregions
these are not concentrated in upland rainforest. They
occur instead in a range of habitats, although the Melville
and McIlwraith Ranges have high concentrations. The
McIlwraith Range endemics include species confined
to elevated sites, but those on the Melville Range occur
almost down to sea-level (Conrad Hoskin pers. comm.).
Many of the endemic reptiles and amphibians have a
strong association with substrates (granite, sandstone,
dunes), implying that adaptation to these facilitated
survival through the climatic swings of the Pleistocene.
Orraya (a leaf-tailed gecko), the only vertebrate genus
endemic to Cape York Peninsula, is strongly associated
with boulders inside rainforest, which shows the capacity
of large rocks to provide climatic buffering during arid
periods; it is believed to have evolved from an ancestor
that lived on rainforest trees (Couper and Hoskin 2008).
Two frogs (Cophixalus saxatilis, C. zweifeli) endemic to
sparsely vegetated boulder mountains also have rainforest

origins, and are the only described members of their genus
not bound to this habitat (Couper and Hoskin 2008).
The rainforests on Cape York Peninsula are lower in
animal diversity than those in the Wet Tropics (or New
Guinea). They are much smaller in area and altitudinal
range (with very little above 400 m), which limited
species survival during dry ice ages and subsequent
recolonisation. Not only is diversity lower, but levels of
endemism are also much lower – in mammals, reptiles,
frogs, snails, heteropodid spiders, carab beetles and
aradid bugs (Couper et al. 1993). The Wet Tropics
bioregion has 13 endemic birds compared to two on
Cape York Peninsula, which is several times larger. Its
rainforest communities contain many species that have
colonised (or recolonised) from New Guinea, perhaps
since the Last Glacial Maximum, for example cuscuses
(Phalanger mimicus, Spilocuscus maculatus), eclectus
parrot (Eclectus roratus), green python (Morelia viridis)
and fringed treefrog (Litoria eucnemis).

The green python (Morelia viridis) lives in rainforests in the Iron and McIllwraith Ranges, and further north in New Guinea, but is
absent from Cape York’s Lockerbie Scrub in between, where the rainforest seems suitable but the dry season may be too harsh. It
is also absent from the Wet Tropics, presumably because it has spread southwards from New Guinea without reaching them. Photo:
Brett Taylor
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Table 10. Endemic vertebrates of Cape York Peninsula (localities are given for species with very restricted distributions, and habitats
are given where known)
Species

Habitat and locality

Cinnamon Antechinus (Antechinus leo)

McIlwraith and Iron Range rainforest

Cape York melomys (Melomys capensis)

mainly rainforest

Bramble Cay melomys (M. rubicola)

Bramble Cay beach vegetation

Cape York rock wallaby (Petrogale coensis)

rock outcrops

Golden-shouldered Parrot (Psephotus chrysopterygius)

woodland

White-streaked honeyeater (Trichodere cockerelli)

mainly woodland

Burrowing skink (Anomalopus pluto)

heathlands sands

Skink (Carlia dogare)

coastal sands and foredunes

Skink (C. quinquecarinata)

Darnley Island (possibly also New Guinea)

Skink (C. rimula)

rocks along creeks with rainforest

Quinkan striped skink (C. quinkan)

Laura sandstone

Striped skink (C. rawlinsoni)

Cape Flattery quaternary silica

Fuhn’s snake-eyed skink (Cryptoblepharus fuhni)

Cape Melville granite boulderfields

Pink snake (Cryptophis incredibilis)

Prince of Wales Island woodland

Torres mourning gecko (Lepidodactylus pumilis)

Torres Strait island woodland

Burrowing skink (Lerista ingrami)

McIvor River coastal foredunes with heath

Skink (Liburnascincus coensis)

rocks along creeks in rainforest

Skink (L. scirtetis)

Black Mountain granite boulders

Skink (Lygisaurus parrhasius)

Glennie Tableland sandstone

Skink (L. sesbrauna)

many habitats

Laura velvet gecko (Oedura jowalbinna)

Laura sandstone

McIlwraith leaf-tailed gecko (Orraya occultus)

McIlwraith Range rainforest boulders

Gecko (Nactus eboracensis)

widespread

Black Mountain gecko (N. galgajuga)

Black Mountain boulders

Giant tree gecko (Pseudothecadactylus australis)

woodland, rainforest, mangroves

Canopy goanna (Varanus keithhorni)

McIlwraith and Iron Range rainforest

Northern nursery-frog (Cophixalus crepitans)

McIlwraith Range rainforest

Cape York nursery-frog (C. peninsularis)

McIlwraith Range rainforest

Boulder nursery-frog (C. saxatilis)

Black Mountain granite boulderfield

Cape Melville nursery-frog (C. zweifeli)

Cape Melville granite boulderfield

Andirrmalin frog (Litoria andirrmalin)

Cape Melville rainforest boulderfield

Scrub rocketfrog (L. longirostris)

McIlwraith Range rainforest streams

Wenlock broodfrog (Pseudophryne sp.)

Wenlock River (habitat unknown)

Table 11. Vertebrates and plants in genera endemic to Cape York Peninsula
Genus

Habitat and locality

Leaftail gecko (Orraya occultus)

McIlwraith Range rainforest boulders

Grass (Dallwatsonia felliana)

Lagoon edges in northern Cape York

Gunnessia pepo

widespread in rainforest

Indagator fordii

McIlwraith Range rainforest

Jedda multicaulis

lower Cape York woodland

Grass (Thelepogon australiensis)

woodland north of Archer River

Foxtail palm (Wodyetia bifurcata)

Cape Melville rainforest and boulderfield
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The only elevated rainforests on Cape York Peninsula
are in the McIlwraith Ranges, where they are situated
above 400 m, but most of the animals found in these
forests occur elsewhere at low altitudes, implying they
are not temperature limited. The cinnamon antechinus
(Antechinus leo), canopy goanna (Varanus keithhorni), a
primitive flightless leafhopper (Notuchus rotundifacies),
two flightless bark bugs (Drakiessa wasselli, Aellocoris
sp nov.), and a genus of carabid beetles (Notabax
species) (Geoff Monteith pers. comm.) are endemic to
the McIlwraith Ranges and to the nearby Iron Range,
where they dwell in rainforests close to sea level. Four
species are known to be endemic to upland McIlwraith
Range rainforest and could be temperature-limited: the
McIlwraith leaftail gecko (Orraya occultus), Northern
nursery-frog (Cophixalus crepitans), Cape York nursery-frog
(C. peninsularis) and Scrub rocketfrog (Litoria longirostris).
Some of the non-rainforest endemic species – for
example the vulnerable grass Thelepogon australiensis
and the near threatened grass Dallwatsonia felliana
– are probably relicts from the Pliocene, when a vast
grassy plain joined northern Australia to the New Guinea
cordillera. The blind snake Ramphotyphlops leucoproctus
is found on Cape York Peninsula, on islands in Torres
Strait, and in southern New Guinea, suggestive of a much
larger distribution when sea levels were lower.

6.4.3 Vegetation
The small changes in rainfall and temperature projected
for Cape York Peninsula by 2070 might not promote major
changes in vegetation. Water savings from higher CO2
levels could compensate plants for the modest declines
in rainfall and increases in evapotranspiration. But CO2
fertilisation could result in considerable thickening
of vegetation and altered competitive relationships,

although soil nutrient deficiencies may limit plant
responses. Some rare plants may suffer increased
competition if they prove less responsive to CO2 than
dominant plants.
Tree deaths blamed on drought have occurred in
recent years. Large die-offs of bloodwoods (Corymbia
clarksoniana, C. stockeri) were noted a decade ago in
a region extending north from Kalpowar towards Cape
Melville (John Neldner pers. comm.). Die-offs of Mt Molloy
box (Eucalyptus leptophleba) and broad-leaved paperbarks
(Melaleuca viridiflora) were noted in 2002 when the wet
season virtually failed (Barry Lyon pers. comm.). Climate
records show that annual rainfall has not declined in the
past 40 years and that temperatures fell by 0.1 °C during
the last decade, suggesting these die-offs are natural
events. But they show that some trees in the bioregion
are susceptible to drought, implying that even slight
reductions in water availability will increase the natural
rate of drought deaths, influencing woodland composition.
Water availability could fall significantly if large rainfall
declines occur or if drought frequency increases.
Cape York Peninsula is rich in springs, and a small
decline in rainfall could reduce recharge of the supporting
aquifers, with detrimental impacts on the associated
rainforest communities. Springs on the bauxite plateaus
with sclerophyll communities, as in western Cape York
and the Embley Range near Batavia, may be affected.
Swamp forests (a depauperate rainforest type dominated
by Dillenia allata or Archontophoenix alexandriae) found
along drainage lines are also susceptible to rainfall
declines. Stanton and Fell (2005) note: ‘These swamp
forests may be considered to exist on the brink of
survival, as a slight change in the nature of the watertable
may favour the development of Melaleuca (paperbark)
woodlands and forests, or even open sedge swamps.’

The drought deaths of Mt Molloy boxes (Eucalyptus leptophleba) near Wakooka in 2002 are not interpreted here as evidence of
climate change because of evidence that dominant boxes in Queensland have high water use that renders them vulnerabile to
extended drought. The trees on this plain that survived the near-failure of the wet season are probably species with more conservative
water use strategies that confer slower growth rates. Photo: Barry Lyon
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on Cape York Peninsula: large-fruited red mahogany
(Eucalyptus pellita) and red mahogany (E. resinifera).
These wet sclerophyll communities were apparently
maintained by Aboriginal fires preventing rainforest
encroachment since rainfall increased during the
Holocene. Higher temperatures and a drier dry season
should increase management opportunities to burn the
surviving communities to prevent further encroachment,
but rising CO2 may increase rates of rainforest spread.
Feral cattle hinder fire management in sclerophyll
communities by heavily grazing grass, reducing fuel for
fires (Stanton and Fell 2005).

Cape York springs, such as Ling Creek Spring, are vulnerable
to any reduction in recharge to the supporting aquifers. Photo:
Barry Lyon

An increasing fire risk could threaten some plant
communities. Many rainforest remnants are small and
floristically unique, and a small number of these occur
without topographic protection from fire. The unique
Bertiehaugh dry vine forests have declined from past
fires, as indicated by old nesting mounds of the orangefooted scrubfowl (Megapodius reinwardt) up to 500 m
from existing rainforest (Barry Lyon pers. comm.);
these birds always nest in or beside rainforest. Fire
is considered a serious threat to a unique rainforest
remnant in the Howick River catchment, and to deciduous
notophyll vine thickets on cracking clay on the Archer
River (Stanton and Fell 2005). Droughts or fire could pose
a threat to two other rainforest types, notably Regional
Ecosystem 3.7.1 (northern Peninsula) Semi-deciduous
notophyll/microphyll vine thicket on isolated lateritic
hillslopes) and Regional Ecosystem 3.5.4 (northern
Peninsula) Semi-deciduous notophyll vine forest in
small patches on northern plateaus (Bruce Wannan pers.
comm.). These communities could be vulnerable along
their western edges.
But fire frequency has declined in much of the Cape.
A fire map produced by Niilo Gobius for the Cape York
Peninsula Development Association shows a pronounced
fire gradient on the peninsula, with many areas on the
western Cape burning each year, while substantial areas
along the east coast are ‘never burned’. According to
Stanton and Fell (2005): ‘Throughout the Peninsula
where rainfall is greater than about 1,500 millimetres
per annum, it is common to observe rainforest species
invading sclerophyll communities. There is clear evidence
that this is related to a recent reduced incidence of fire.’
This invasion is a cause for concern in wet sclerophyll
communities dominated by two eucalypts that are scarce

A rising sea will inundate freshwater mangroves,
saltmarshes, and freshwater wetlands. Mangrove forests
can be expected to maintain a presence by expanding
into saltmarshes (see section 4.3). At some locations
paperbark stands in lagoons behind mangrove have
recently died from saline incursion, but this could be from
very low wet season rainfall reducing freshwater ponding
(Barry Lyon pers. comm.).
Where paperbark stands grow as a fringe behind tidal
zones they are vulnerable to saline inundation and death
if wet season rains are inadequate to maintain high levels
of freshwater in the soil. This is a naturally-occurring
drought phenomenon that will increase in frequency if
rainfall declines.
An increased fire risk will increase the potential of
introduced pasture grasses to invade Cape York Peninsula.
Gamba grass (Andropogon gayanus) has attracted many
concerns because the fires it fuels can be eight times as
intense as native grass fires (Rossiter et al. 2003), leading
to the deaths of eucalypts. Gamba grass is presently
limited in distribution on Cape York Peninsula but is
spreading actively along roads. Grader grass (Themeda
quadrivalvis) and thatch grass (Hyparrhenia rufa) are
also proving invasive in different ecological settings
(John Clarkson pers. comm.). Although currently scarce
on Cape York Peninsula, mission grass (Pennisetum
polystachion) is implicated in fire-mediated destruction
of monsoon rainforests near Darwin (Panton 1993). All
of these grasses invade natural habitats via a ‘grass-fire
cycle’, facilitating hot fires that promote their spread (see
section 3.5). Cyclones can benefit them by providing sites
for germination where trees have been uprooted or silt
deposited, and annual floods also provide recruitment
opportunities. Cyclones also promote the spread of pond
apple (Annona glabra), a weed that poses a serious threat
to coastal habitats (Stanton and Fell 2005).

6.4.4 Fauna
The endemic animals of Cape York Peninsula appear
to face lower threats from climate change than animals
in other bioregions, with relatively modest changes in
climate predicted and few species confined to elevated
locations. There is pollen evidence (Kershaw and Nix
1988) from the Atherton Tableland suggesting that
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temperatures were slightly higher during the Holocene
Climatic Optimum, just over 5000 years ago (see section
2.1), and strong evidence of warming from the mountains
of Papua New Guinea and Irian Jaya (Pickett et al.
2004), suggesting that much of the fauna on Cape York
Peninsula may have lived through a warmer climate in the
recent past. If emissions keep rising, temperatures will
eventually cross the critical thresholds of these species,
but not necessarily during the 21st century.
The endangered Bramble Cay melomys (Melomys
rubicola) may face a greater threat from climate change
than any other Queensland species. This rodent, with a
population of less than 100, is confined to a tiny sand
cay in Torres Strait only 4 hectares in area at high tide
(Van Dyck and Strahan 2008). Waves and storm surges
associated with cyclones are identified as a threat to its
survival (Latch 2008). It is a distinctive species that was
either ‘stranded’ on the cay when sea levels rose after the
Last Glacial Maximum, or which colonised the island on
driftwood floating out of the Fly River, the mouth of which
is 50 km away (Latch 2008). New Guinea was presumably
the source of the population but the species has not been
found there, although this may reflect lack of collecting
effort rather than a real absence. The cay appears to have
diminished in size since the discovery of the melomys
but may currently be in a depositional phase (Latch
2008). Turner and Batianoff (2007) predicted that rising
sea levels would erode it away and cause the animal’s
extinction. A cyclone of extreme intensity could destroy
this population in the more immediate future. In July
2005, waves were reportedly passing over the cay as it
was pummelled by gale force winds and very high tides
(Latch 2008). Establishment of a captive population
would help ensure the survival of this enigmatic rodent.
But survey work in Papua New Guinea may show it to
occur there, in which case its future would be secure.
Of the four upland vertebrates confined to the McIlwraith
Range, the Cape York nursery-frog appears to be the most
vulnerable to climate change, given its apparent rarity
and elevated distribution (520-540 m) (Zweifel 1985).
The McIlwraith leaftail gecko appears least vulnerable
because it shelters by day in cavities between boulders
(Wilson 2005), which provide very good buffering from
heatwaves (Shoo et al. 2010). The McIlwraith Range also
supports an endemic subspecies of Lewin’s Honeyeater
(Meliphaga lewinii amphochlora), which was highlighted
by Shoo et al. (2009) as facing a climate change threat,
since it is found mainly above 650 m altitude and never
below 419 m. The other subspecies are widespread and
common in eastern Australia and face no obvious threat
from climate change.
The northernmost large tract of rainforest on Cape York
Peninsula, the Lockerbie Scrub, lacks several vertebrates
shared by New Guinea, the McIlwraith Range and Iron
Range, for example the eclectus parrot, southern common
cuscus (Phalanger mimicus) and green python. There is no
land at Lockerbie sufficiently elevated to capture orographic
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rain during the dry season, and many trees lose their leaves.
The missing vertebrates must have occupied this rainforest
when the climate was wetter, to explain their presence
further north and south. A relatively recent loss was that of
the southern cassowary (Casuarius casuarius johnsonii),
last seen there in 1986. If climate change substantially
increases water stress on the vegetation or insects numbers
during droughts, this tract could lose further species, for
example the white-faced robin (Tregellasia leucops) and
yellow-legged flycatcher (Microeca flavigaster). This large
stand of tall rainforest is unusual in occurring on infertile
ferrugineous sandstone (Stanton and Fell 2005).

The fringed treefrog (Litoria eucnemis), like most rainforest
species on Cape York Peninsula, is not limited by altitude,
suggesting good prospects of surviving the temperature
increases projected for 2070, if rainfall is maintained. Photo:
Terry Reis

A cyclone of unprecedented severity that struck Cape
York Peninsula could do serious harm to threatened
species. Many animals would die if struck by debris
or blown against trees, or from starvation if there were
subsequent shortages of fruits or seeds. The vulnerable
northern population of the southern cassowary is one
that could be seriously affected. In the Wet Tropics,
starving cassowaries were fed after Cyclone Larry, but this
option is not available on Cape York Peninsula, where
rainforests are far removed from fruit orchards.
The endangered golden-shouldered parrot (Psephotus
chrysopterygius) could benefit if higher temperatures
result in more hot fires burning back paperbarks and
other sapling trees that threaten its grassland habitat.
Severe drought could also cause paperbark deaths, as
has been noted elsewhere. But higher CO2 levels could
instead increase tree encroachment (see section 3.6).
This parrot depends on hot fires lit in the late dry season
to prevent trees invading the grasslands it relies on
(Garnett and Crowley 2000; Crowley et al. 2004).
The golden-shouldered parrot and other declining granivores
on Cape York Peninsula – the star finch (Neochmia ruficauda
clarescens), endangered Gouldian finch (Erythrura gouldiae)
and probably the endangered buff-breasted buttonquail
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(Turnix olivii) – are very vulnerable to changes in rainfall
and fire regimes altering seasonal availability of grass seed,
but outcomes under climate change are difficult to predict.
Increasing seasonal variability could greatly disadvantage
these birds, Franklin et al. (2005) having found that declines
of seed-eating birds in northern Australia were strongly
correlated with grazing but were worse in areas with high
rainfall variability. Reduced grazing pressure could counter
increased variability. The star finch faces a special threat
from sea-level rise, with the population in Lakefield National
Park depending during the early wet season almost entirely
on one species of annual grass (Xerochloa imberbis)
(Garnett et al. 2005) found on saltmarshes susceptible to
sea-level rise. It is expected that saltmarshes will migrate
inland in response to sea level rise (see section 4.4),
but it cannot be assumed that the grass will maintain its
abundance under circumstances of habitat shift.
Fauna on Cape York Peninsula will be seriously
threatened if gamba grass, grader grass and other
highly flammable grasses benefit from climate change
by invading large areas. If trees are killed by hot fires,
many animals will be disadvantaged, including hollowdependant birds, mammals and reptiles.

6.4.5 Management
Climate change justifies more investment in fire
management to protect rainforest remnants, wet

6.5

sclerophyll remnants and the habitat of the endangered
golden-shouldered parrot. Feral cattle should be
controlled to improve fire management.
The further spread of introduced pasture grasses should
be prevented because of the fire risk they pose. One
of the most damaging of these grasses, gamba grass,
is spreading along roadsides on Cape York Peninsula.
Increasing development is likely to result in further
widening of the Cape York Peninsula Development Road,
which will create more roadside habitat for it to occupy,
followed by roadside slashing, which will facilitate
spread of its seed. The Department of Transport and Main
Roads should be approached about devising a roadside
management strategy to minimise spread of gamba grass
and other weeds.
The impact of climate change on seed availability for
declining granivores – golden-shouldered parrots,
Gouldian finches, star finches – should be monitored.
Changes in grazing regimes and fire regimes may become
necessary to protect critical seed supplies.
A captive colony of the Bramble Cay melomys should
be established if surveys do not locate additional
populations in New Guinea or Torres Strait.
Knowledge of the fauna of Cape York Peninsula
is inadequate, and the threat posed by climate
change justifies more survey work to better assist
with management.

Mitchell Grass Downs

A land of hidden diversity, the Mitchell Grass plains seem barren, yet mammals, reptiles and frogs hide by day in deep soil cracks,
and seeds of many ephemeral plant species lie dormant in the soil awaiting exceptional wet years. Longer hotter droughts will harm
the animal populations without necessarily harming the dormant plants. Photo: Tim Low

n this hot semi-arid region, a hotter drier climate will
increasingly cause deaths of animals and plants. The
Mitchell grasses that dominant have died over vast
areas during the recent extended drought, to the great
detriment of livestock production and biodiversity. One key

I

to biodiversity conservation under climate change will be
the development of management guidelines for maximising
Mitchell grass survival during droughts and their widespread
adoption by landholders. Other issues include goats,
camels, woody weeds and waterhole conservation.
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6.5.1 Climate change
Temperatures are projected to rise by about 3.5 °C
by 2070, with increases of up to 5.2 °C considered
possible. These figures, and those for rainfall, are based
on projections developed for regions that overlap with
the Mitchell Grass Downs but do not have the same
boundaries (see section 2), so are only indicative. In
Boulia the number of days above 35 °C may increase from
the current 130 per year to 194 by 2070. In Longreach the
number may increase from 112 to 185. The average annual
temperature in the region has increased over the last
decade by about 0.7 °C.
Future rainfall is more difficult to project. The best estimate
is for a slight decrease, but model projections vary from an
increase of 22% to a decrease of 37% by 2070.
Fire risk seems more likely to decrease than increase. It
will decrease if reduced water availability reduces fuel
connectivity by reducing growth of grass. It will increase
from higher temperatures if the rainfall also increases or if
rising CO2 levels compensate plants for declining rainfall
by increasing water use efficiency. It will increase in those
areas invaded by Buffel grass (Pennisetum ciliare).

6.5.2 Biogeography
The Mitchell Grass Downs is a bioregion that is treeless
over large areas, in which plant and animal diversity is low.
Most of the species are very well adapted to high summer
temperatures, low rainfall and frequent drought. The trees,
shrubs and grasses in the region typically have distributions
that extend south-west into more arid regions, and the
same is true of many of the animals. Numbers of animals
and plants often fluctuate dramatically in response to heavy
rainfall events and droughts. Much of the fauna consists
of reptiles and small mammals that shelter from hot dry
conditions in deep cracks in the clay soil on which Mitchell
grasses grow. There are also residual ranges supporting
woodlands, which are often richer in biodiversity than the
grassy plains.
Like other bioregions in the western half of the state, the
Mitchell Grass Downs supports very few species that could
be considered relicts of wetter or cooler times (see Table
12). There are no mountains, gorges or other topographic
features that could be considered refugial, although there
are permanent waterholes and springs. Of the few relict
species, ooline (Cadellia pentastylis) is of interest as a tree
associated with inland rainforest, but it is confined to the
wetter south-east boundary of the bioregion on the fringes
of the Mulga Lands and Brigalow Belt. Another interesting
relict is weeping bottlebrush (Melaleuca viminalis), a
riparian tree that is mainly associated with watercourses
in eastern bioregions. Most of the rare plants in the region
do not appear to be relicts of a wetter past, and they may
be more sensitive to grazing pressure than to imminent
climatic impacts, although the combination of both could
be especially serious.
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Weeping bottlebrush (Melaleuca viminalis) has a disjunct
population in the Mitchell Grass Downs, telling of a much larger
distribution during a wetter past.

Table 12. Plants in the Mitchell Grass Downs with relict distributions
Species

Main distribution

Waddywood (Acacia peuce)

scattered, extending
south-west

Brigalow (A. harpophylla)

Brigalow Belt (further
east)

Ooline (Cadellia pentastylis)

Brigalow Belt (further
east)

Climbing caustic (Euphorbia
sarcostemmoides)

scattered, extending
south and west

Weeping bottlebrush (Melaleuca
viminalis)

easternmost third of
Queensland

Hawkweed (Picris barbarorum)

Darling Downs

6.5.3 Vegetation
The Mitchell grasses (Astrebla species) that dominate the
bioregion are very well adapted to a hot climate and severe
drought, and three of the four species occur in much drier
regions of inland Australia than the Mitchell Grass Downs.
The optimal temperature for photosynthesis of curly
Mitchell (A. lappacea) is exceptionally high at 40 °C (Doley
and Trivett 1974). The optimal temperature for barley
Mitchell (A. pectinata) has not been determined, but in a
survey of plant distributions within the mulga grasslands
of Queensland, Fensham et al. (2000) found that this grass
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was associated with higher mean annual temperatures
than curly Mitchell, as were a majority of plant species
growing within the grasslands. Another habitat dominant,
hoop Mitchell (A. elymoides), does not occur in regions as
arid as the other two dominants, yet Fensham et al. (2000)
found it at drier sites than curly Mitchell (but not barley
Mitchell), implying that it too has very high tolerance for
aridity. The fourth species, bull Mitchell (A. squarrosa),
appears to be less tolerant of aridity than the other
species, judging by its absence from the dry Barkly
Tableland in the west and its preference for low-lying and
damp areas; it is less common than the other species and
it may contract under climate change.
Besides having high temperature tolerances, Mitchell
grasses have very deep root systems and the capacity
to be dormant during drought. They have proved more
resilient under livestock grazing than most native pasture
grasses in Australia.
However, despite the adaptations of these grasses
to aridity, widespread die-offs occur during severe
droughts. The 2001-07 drought caused tussock deaths
over very large areas, especially in the central-west of the
bioregion, leaving 53% of the Mitchell grasslands in poor
condition (Phelps et al. 2007). Some properties lost 90%
of their pasture. Phelps et al. estimated it would cost the
grazing industry $58.5 to 92.4 million per annum until
pastures recover. Wide-scale dieback of Mitchell grass
tussocks also occurred during three previous droughts, in
the 1900s, 1930s and 1960s. Severe drought can cause
soil drying beyond the depth of at least 1.2 m reached
by Mitchell grass roots. After each drought, pastures
eventually return from seedlings generated by surviving
plants. Recovery can occur quickly if large rainfall events
occur, but these are infrequent. At least 100 mm are
needed to wet soils to 30 cm depth (Phelps et al. 2007).
Mitchell grass survived the recent drought in some
locations because of unusual management regimes,
investigated by Phelps et al. (2007):

‘Wet season spelling, coupled with dry season heavy
grazing; early wet season heavy grazing with sheep,
coupled with wet season spelling; moderate to low
intensity burning, coupled with wet season spelling;
and early summer rains all appear to reduce Mitchell
grass mortality during drought. Overgrazing, or
perversely an absence of grazing or burning, coupled
with drought appear to lead to increased Mitchell
grass mortality.’
Grazing by kangaroos as well as livestock can exacerbate
mortality. Phelps et al. (2007) warned that under a
climate change scenario of worsening droughts, a shift in
composition could occur from perennial Mitchell grasses
to annual grasses or forbs. They proposed that die-back
during future droughts could be minimised by optimal
management, the details of which need further research.
Although some paddocks survived the drought under
unusual management regimes, no consistent pattern was
detected. Issues to be resolved include the timing and
duration of grazing, the intensity of fires, and the role of
soil and landform variation (David Phelps pers. comm.).
If Mitchell grass cover declines, the implications for
wildlife would be serious. The large tussocks provide
cover and food for small mammals and reptiles foraging
at night. Replacement of Mitchell grass by annual grasses
and forbs would increase plant diversity but decrease
vegetation cover, exposing small animals to higher
predation rates, and reducing food supplies. However,
one endangered species, the Julia Creek dunnart
(Sminthopsis douglasi), prefers annual Flinders grass
(Van Dyck and Strahan 2008).
The dominant species (Wilson 1999b) have been
tentatively assessed for their climatic vulnerabilities,
based on distributions (Table 13). Most of them have
ranges that extend into much drier regions, suggesting a
capacity to survive some climate change.

Table 13. Dominant trees and shrubs in the Mitchell Grass Downs and their potential vulnerability to climate change
Low Vulnerability
Mulga (Acacia aneura)
Gidgee (A. cambagei)
Red mulga (A. cyperophylla)
Georgina gidgee (A. georginae)
Gundabluie (A. victoriae)
Whitewood (Atalaya
hemiglauca)
Queensland bluebush
(Chenopodium auricomum)
Western bloodwood (Corymbia
terminalis)

Limestone fuchsia bush
(Eremophila freelingi)
River red gum (Eucalyptus
camaldulensis)
Coolabah (E. coolabah)
Bauhinia (Lysiphyllum gilvum)
Lignum (Muehlenbeckia
florulenta)
Limestone cassia (Senna
artemisioides)

Medium Vulnerability

High Vulnerability

Waddywood (Acacia peuce)
Lancewood (Acacia shirleyi)
Dead finish (Archidendropsis
basaltica)
Normanton box (Eucalyptus
normantonensis)
Beefwood (Grevillea striata)

Brigalow (Acacia harpophylla)
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Gidgee (Acacia cambagei) sometimes succumbs to droughts, as shown here near Aramac in 2007, a phenomenon that will be
worsened by climate change. Photo: Queensland Herbarium

Gidgee is a dominant tree in the bioregion but some
dieback occurs during serious droughts. Fensham and
Fairfax (2005) noted significant gidgee deaths during the
Federation Drought (1898–1903) and again in 1928. In
2005, gidgee dieback attributed to drought occurred on
at least one property near Longeach (Fensham and Fairfax
2005) and probably occurred more widely.
On floodplains where eucalypts grow, some contraction
away from the drier edges can be expected if rainfall
continues to decline. Plants confined to the eastern
edges of the bioregion, such as myall (Acacia pendula)
and the vulnerable ooline (Cadellia pentastylis), may
succumb to future droughts if these increase in severity.
Woody plants are expected to benefit more from rising
CO2 levels than C4 grasses such as the Mitchell grasses
(see section 3.6), leading Hovenden (2008) to predict that
shrubs and trees will invade grasslands in arid and semiarid regions of Australia, although recent doubts have been
expressed about this (Hovenden and Williams 2010). Gidgee
(Acacia cambagei) colonises Mitchell grasslands during wet
periods (Fensham and Fairfax 2005), and could do so more
quickly under a high CO2 future. But if, as assumed in this
report, greater water use efficiency from higher CO2 will fail
to compensate plants for declining rainfall and increasing
evapotranspiration (see section 3.6), gidgee will not spread.
As noted earlier, it is occasionally killed over large areas by
droughts, and compared to Mitchell grass usually grows in
sandier soils that hold more water during drought (Fensham
and Fairfax 2005).
Three woody weeds, prickly acacia (Acacia nilotica),
mesquite (Prosopis species) and parkinsonia (Parkinsonia
aculeata) are very invasive in the Mitchell Grass Downs
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(Wilson 1999). They are more successful than native woody
plants at colonising Mitchell grasslands, and are thus more
likely than gidgee to benefit from higher CO2. They form
dense thickets, often along riparian zones, under which
little grass grows. Prickly acacia can tolerate temperatures
of 50 °C and annual rainfall below 230 mm (Kriticos et
al. 2003). Mesquite can also tolerate 50 °C (Parsons and
Cuthbertson 2001), and growth has been noted ‘even
during prolonged drought’ (Osmond 2003). Van Klinken
et al. (2009) determined that parkinsonia has an upper
optimal temperature for photosynthesis of 37 °C and an
upper threshold of 42 °C. Increasing aridity under climate
change is unlikely to inhibit further invasion by prickly
acacia and mesquite, and may increase their competitive
advantage over native species. If climate change results in
more large floods that drench the soil, the germination of
these species will be enhanced.
Buffel grass (Pennisetum ciliare) has become invasive
on sandy soils in the Mitchell Grass Downs and is slowly
spreading onto heavier soils, displacing many other
plants. It has survived recent droughts more successfully
than Mitchell grasses, and under climate change may
increasingly displace them from lighter clay soils. High
temperatures in the Mitchell Grass Downs would increase
fire risk only in habitats where fuel connectivity is high.
Buffel grass invasion can provide both connectivity and
high fuel loads (Bradstock 2010; see section 3.5).
Severe droughts in central Australia could drive large
numbers of camels into central Queensland (Frank
Keenan pers. comm.), with serious consequences for
woody vegetation (see section 6.6). Desperate camels are
not stopped by fences.
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Rabbits would decline under higher summer
temperatures and more droughts (Scanlan et al. 2006).
Many plant species could benefit if there are fewer
rabbits browsing seedlings.
As higher temperatures increase heat stress on livestock,
producers on the more elevated lands may turn more
to goat harvesting, with serious implications for rare
and vulnerable plants such as Ptilotus remotiflorus
and Xerothamnella parvifolia. Concerns about methane
emissions from livestock and heat stress on livestock
could drive a shift to more kangaroo harvesting, which
would generally benefit biodiversity.

rates and more extreme droughts, some of the pools may
dry out, with serious consequences for animals such
as long-haired rats (Rattus villosisimus), which rely on
permanent water holes during droughts. Heavy rainfall
events scour pools but low rainfall events do not.
Ephemeral wetlands can be expected to decline in size,
frequency of filling and productivity, to the detriment of
breeding ducks, pelicans, ibis, herons, terns and frogs.
The concerns expressed in section 6.6 about declining
waterbird breeding in western Queensland apply also to
the Mitchell Grass Downs, on a smaller scale.

6.5.4 Fauna
If temperatures rise by several degrees, mass bird deaths
can be expected during heatwaves, as occurred in 1932,
when many thousands of birds succumbed in central
Australia, ranging from in size from finches to birds of
prey (Anonymous 1932). Deaths occurred as far east
as Isisford, in the Mitchell Grass Downs, when Ronald
Roberston (1932) reported that chats, finches, ‘crows’,
magpies and budgerigars perished in earth-tanks, dams,
and waterholes. ‘Birds had little change’, he wrote,
‘owing to the miles of plains with scarcely any shade,
gidya and boree casting very little.’
The only arboreal mammals in the bioregion, koalas
(Phascolarctos cinereus) and brushtail possums
(Trichosurus vulpecula), could both be highly threatened
by higher temperatures, worsening droughts, and
perhaps by a higher fire risk. Koalas are likely to contract
eastwards in range. Gordon et al. (2006) noted a longterm decline in koala numbers in the Mitchell Grass
Downs, which was attributed to habitat loss. Other
species confined to eastern areas within the bioregion
are likely to contract further east with increasing
droughts, for example the black-chinned honeyeater
(Melithreptus gularis) and broad-headed snake
(Hoplocephalus bitorquatus). Kangaroos will survive
in the region but increasing drought deaths will occur
more often. In Idalia National Park, wallaroos (Macropus
robustus) and red kangaroos (Macropus rufus) declined
by 97.7% and 83.3% respectively during the drought in
2002, which was the worst since 1900 (Fukuda 2006).
Kangaroos could also be expected to succumb to
heatwaves of exceptional intensity.
Feral goats and camels, if they increase in numbers, have
the potential to threaten wildlife by removing vegetation
and depleting and polluting waterholes. Goats are
considered further in section 7 and camels in section 6.6.
The rivers in the region do not flow except after high
rainfall events, and for most of the time water is available
only in permanent pools within the channels. These
refugial pools are critical to the regional survival of
various birds, mammals, fish and aquatic invertrebrates,
although some birds and mammals also use livestock
watering points. Under a scenario of higher evaporation

The eastern snapping frog (Cyclorana novaehollandiae) is so
well adapted to drought, remaining underground for years at a
a time in a moist cocoon, that it may be less affected by climate
change than most animals. Photo: Terry Reis

Although the small mammals and reptiles in the Mitchell
Grass Downs are superbly adapted to the harsh, droughtprone environment, some population declines are
likely, especially if Mitchell grass cover declines. The
endangered Julia Creek dunnart (Sminthopsis douglasi)
and the near threatened black soil striped skink
(Ctenotus schevilli), confined to north-eastern areas, and
the vulnerable plains wanderer (Pedionomus torquatus),
limited to the south, could be very vulnerable to climate
change. Prickly acacia invasion is recognised as a threat
to the dunnart (Department of Environment and Resource
Management, 2009), a problem that could increase from
higher temperatures, rising CO2 and larger floods. La
Niña years could produce large feral cat populations that
impose high levels of predation on these species when
droughts return. Control of feral cats and foxes would
maximise their chances of survival.

6.5.5 Management
The development of management guidelines for
maximising Mitchell grass survival during droughts, and
their widespread adoption by landholders, will greatly
enhance the survival of biodiversity under climate change.
Climate Change and Queensland Biodiversity
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The conservation of all permanent waterholes (as drought
refugia) should be a very high priority. Water Resource
Plans will have a critical role to play in ensuring that
landholders do not deplete important waterholes. The
deepening of waterholes to prevent desiccation during
droughts could benefit wildlife, but should only be
considered if circumstances become desperate.
Prickly acacia, mesquite and parkinsonia should be
actively controlled. The spread of buffel grass into native
vegetation communities should be prevented.
Any shift to widespread farming of goats should be
monitored for the potential impact on biodiversity (see

6.6

section 7). It should be discouraged in landscapes where
uncommon plants occur.
Camels should be controlled in western Queensland
before their numbers increase to highly damaging levels.
Drought and higher temperatures will reduce rabbit
numbers, providing good opportunities to further reduce
their numbers.
The Channel Country is hotter and drier than the Mitchell
Grass Downs but supports many of the same species.
Monitoring biodiversity shifts in the Channel Country
could provide valuable insights into changes likely in the
Mitchell Grass Downs.

Channel Country

If surface water becomes rarer in the Channel Country the biodiversity losses will be serious. This pool on the Mayne River is
surrounded by river red gums (Eucalyptus camaldulensis), trees that sustain enormous biodiversity, including nectar feeding birds.
Photo: Queensland Herbarium
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he Channel Country is the hottest and driest
bioregion in Queensland, and although its biota
is well adapted to climate extremes, a hotter drier
climate will push many species beyond their limits,
causing declines of many species. Heatwaves that
follow drought-induced dieback of trees could have
catastrophic consequences for wildlife, leading to the
loss of some species from the region. Lower rainfall will
reduce breeding success of waterbirds, with national
implications due to the high significance of the Channel
Country for breeding events.

T

6.6.1 Climate change

The Channel Country should receive special attention
as a region in which the impacts of climate change may
become obvious at an early date.

Future rainfall is more difficult to predict. The best
estimate is for a decrease of 10%, but model predictions
for 2070 vary from an increase of about 22% to a
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Temperatures are projected to increase by 3.6 °C by 2070,
with an increase of 5.2 °C considered possible. These
figures, and those for rainfall, are based on projections
developed for regions that overlap with the Channel
Country but do not have the same boundaries (see section
2), so are only indicative. In Birdsville, the number of days
above 35 °C may increase from the current 125 per year to
178 by 2070. The average annual temperature in the region
has increased over the past decade by up to 0.7 °C.
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decrease of 38%. Much of the productivity of the Channel
Country is driven by rainfall events further north, in the
Mitchell Grass Downs of Queensland and the Northern
Territory, and in the Desert Uplands and north-west
portion of the Mulga Lands, where the rivers that feed
into the Channel Country originate. Smaller declines in
rainfall are projected for some of these regions.
Fire risk is likely to decrease, from lower water availability
reducing fuel connectivity by reducing growth of grass.
It will increase from higher temperatures if the rainfall
increases or does not decline.

The near threatened grey grasswren (Amytornis barbatus)
appears to be a relict bird, found in lignum swamps in
three isolated populations that must have been in close
connection during some wetter past.
The bioregion has a small number of species at the
western edges of their ranges that seem highly vulnerable
to rising temperatures and declining rainfall. Rainfall
in the bioregion increases and maximum summer
temperatures decrease from west to east, suggesting that
species confined to the east of the bioregion are least
likely to survive within the region.
Although the region is very dry, episodic flooding of
the wide alluvial plains attracts many thousands and
sometimes millions of waterbirds from elsewhere in
Australia to breed.

The vast lignum (Muehlenbeckia florulenta) swamps of the
Channel Country turn into nationally significant waterbird
nurseries when peak rain events in central Queensland send
water south. Climate change could mean fewer but sometimes
larger breeding events, provided fish populations do not fall so
low during droughts that recruitment after floods is reduced.
Photo: Tim Low

6.6.2 Biogeography

Pied cormorants (Phalacrocorax varius) breed well after inland
floods if the fish they feed on have multiplied. Photo: Jon Norling

Most of the plants and animals found in the Channel
Country are widespread in central Australia, suggesting
they are very well adapted to high temperatures and
severe droughts and have some capacity to endure
slightly harsher conditions than currently experienced.

6.6.3 Vegetation

Only a few plants found in the bioregion can be
considered relicts, based on their scattered distributions,
for example western myall (Acacia papyrocarpa), waddywood (Acacia peuce), desert poplar (Codonocarpus
cotinifolius), pituri (Duboisia hopwoodii), emu apple
(Owenia acidula) and desert quandong (Santalum
acuminatum), but their distributions do not suggest an
obvious vulnerability to hotter, drier conditions. The lack
of plants that are obvious relicts of a wetter or cooler
past indicates that Pleistocene arid periods eliminated
mesic species resident during the wetter early Pliocene.

The plants that dominate regional ecosystems in the
bioregion (Wilson 1999a) have been tentatively assessed
for their vulnerability to climate change based on
distributions (see Table 14). Assessing vulnerability was
difficult due to a scarcity of weather stations to the west
and south-west of the bioregion. The large number of
species listed as having low vulnerability reflects the fact
that most plants extend further west and south-west into
regions where the rainfall is probably lower, although
climatic records were not always available to confirm this.
Temperatures are lower in some deserts further west and
south-west indicating lower evapotranspiration rates. The
assessments may therefore be too optimistic.
Climate Change and Queensland Biodiversity
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Table 14. Dominant trees and shrubs in the Channel Country and their potential vulnerability to climate change
Low Vulnerability
Gidgee (Acacia
cambagei)
Red mulga
(A. cyperophylla)
Georgina gidgee
(A. georginae)
Bastard mulga
(A. stowardii)
Kerosene grass (Aristida
contorta)
Feathertop wiregrass
(A. latifolia)
Mitchell grass (Astrebla
pectinata)
Old man saltbush
(Atriplex nummularia)

Whitewood (Atalaya
hemiglauca)
Queensland bluebush
(Chenopodium
auricomum)
Western bloodwood
(Corymbia terminalis)
Loose-flowered
rattlepod (Crotalaria
eremaea)
Canegrass (Eragrostis
australasica)
Woollybutt (E. eriopoda)
Limestone fuchsia bush
(Eremophila freelingi)

River red gum
(Eucalyptus
camaldulensis)
Coolabah (E. coolabah)
Bauhinia (Lysiphyllum
gilvum)
Lignum (Muehlenbeckia
florulenta)
Rolypoly (Salsola kali)
Limestone cassia
(Senna artemisioides)
Rat’s-tail couch
(Sporobolus mitchellii)
Spinifex (Triodia
basedowii)

Plants with ‘low vulnerability’ should persist in the wetter
parts of the bioregion but may disappear following
droughts from the very dry region in the south-west
around Birdsville. ‘High vulnerability’ species are
confined to the wetter eastern parts of the bioregion and
may contract eastwards. Some eucalypts may be lost
from the outer edges of floodplains from a lowering of the
water table. If waterholes that are currently permanent
lose that status, riparian tree losses will occur.
Reduced rainfall and higher temperatures will reduce
recruitment opportunities for plants, which usually
establish only after a succession of two or three wet
years. But trees in the region are long-lived, and fewer
recruitment opportunities might not lead to fewer trees
in the landscape. Greater water use efficiency from rising
CO2 levels should assist seedling establishment.
Higher temperatures may benefit Georgina gidgee
(A. georginae) and other species with seedlings palatable
to rabbits. Rabbits are disadvantaged by hot summers
(Cooke 1977; Lange and Graham 1983).
Camel numbers are increasing in central Australia, and
although their numbers are currently low in the Channel
Country, this could change dramatically if a major
drought in central Australia drove camels eastwards
(Frank Keenan pers. comm.). Coastward movements of
camels have been recorded elsewhere in Australia after
droughts. Camels are having a marked impact on the
vegetation in central Australia, preventing regeneration
of favoured food plants in the Simpson and other deserts
(Van Dyck and Strahan 2008; Norris and Low 2005).
As heat stress on livestock increases, producers may
be forced to reduce stocking rates, which would benefit
vegetation, although camels and goats might be adopted
as alternative livestock.

104

Climate Change and Queensland Biodiversity

Medium Vulnerability

High Vulnerability

Mulga (Acacia aneura)
Waddywood (A. peuce)
Dead finish
(A. tetragonophylla)
Fuchsia bush
(Eremophila obovata)
Red-bud mallee
(Eucalyptus
pachyphylla)
Straggly corkbark
(Hakea eyreana)

Shrubby mulga (Acacia
calcicola)
Bendee (A. catenulata)
Lancewood (A. shirleyi)
Dead finish
(Archidendropsis
basaltica)
Napunyah
(E. thozetiana)
Normanton box
(Eucalyptus
normantonensis)

6.6.4 Fauna
Heatwaves are likely to cause periodic mass deaths of
animals, as occurred in 1932 when many thousands of
birds died around Birdsville and as far east as Isisford
in the Mitchell Grass Downs (Anonymous 1932, and see
sections 3.1 and 7). A wide range of species died in inland
Australia during that time, ranging in size from zebra
finches (Taeniopygia guttata) to birds of prey. Species that
died at Isisford, just east of the Channel Country, included
finches, ‘crows’, Australian magpies (Cracticus tibicen),
crimson chats (Epthianura tricolor) and budgerigars
(Melopsittacus undulatus) (Robertson 1932). During a
heatwave after a dry spell late in 2009, rainbow bee-eaters
(Merops ornatus), Australian ravens (Corvus coronoides),
magpies, zebra finches, and crested pigeons (Ocyphaps
lophotes) sheltering in deep shade died at Ethabuka,
Cravens Peak Reserve and Carlo Station in the Simpson
Desert (Chris Dickman pers. comm.; Nella Lithgow pers.
comm.), which is the hottest part of the bioregion.
Budgerigars died during a hot spell in 1997 (Chris Dickman
pers. comm.). The 1932 example shows that heat deaths
are a natural event, but climate change will increase
their frequency and duration. The region could become
a periodic population sink for boom-bust birds such as
budgerigars and zebra finches, and less mobile birds
could become rarer. Some species could be lost from the
region. Some birds such as honeyeaters are so mobile
they may be able to vacate areas stricken by heatwaves,
returning when rains fall and temperatures drop.
A heatwave that struck after drought-induced dieback
could have catastrophic consequences. During the
Federation Drought that began in 1898, ‘thousands
of square miles of country’ in western Queensland
were ‘denuded of scrub’ (Fensham and Holman 1999).
A newspaper report from that time (cited by Fensham and
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Holman 1999), indicated that mulga (A. aneura), gidgee
(A. cambagei) and boree (A. tephrina), which mainly grow
east and north of the Channel Country, were the main trees
that died, but if widespread dieback occurred within the
Channel Country, a subsequent heatwave could cause
extreme mortality of birds deprived of adequate shade.
Higher temperatures tend to occur in drought years.
Large mammals could also suffer catastrophic declines
(see section 3.2.2). During the 2009 heatwave, red
kangaroos (Macropus rufus), sheltering in the deepest
shade were noted dying (Chris Dickman pers. comm.;
Nella Lithgow pers. comm.). In Idalia National Park, to the
east of the bioregion, wallaroos (Macropus robustus) and
red kangaroos declined by 97.7% and 83.3% respectively
during the drought in 2002, which was the worst since
1900 (Fukuda 2006). The koala (Phascolarctos cinereus)
seems unlikely to survive in this bioregion. Rodents and
dasyurids, which shelter by day in burrows, would not
be as strongly affected, but climate change scenarios of
higher temperatures and longer droughts could still be
expected to lower their numbers.

tolerance limits, rising temperatures may create intolerable
conditions for some species (see section 3.1.2). And
throughout the bioregion, heatwaves that follow dry spells
can prove debilitating for many species. Chris Dickman
(pers. comm.) has found that snakes, goannas and other
lizards become emaciated under these conditions. Hatching
success and/or juvenile survival of military (Ctenophorus
isolepis) and central netted dragons (C. nuchalis) is low after
poor summer rains. Like several small skinks, these lizards
seldom live more than a year so populations can fall rapidly
after a run of dry years. A wide range of reptiles could suffer
from longer droughts and higher temperatures. Droughts
also reduce availability of termites and ants (Chris Dickman
pers. comm.), which are important lizard prey.
If camels increase in numbers in the Channel Country
they will exacerbate the impacts of droughts by depleting
and polluting waterholes (Norris and Low 2005). A camel
can drink 200 litres in three minutes. Brim-box et al.
(2010) describe a rock hole in central Australia with water
levels that were kept so low by camels that mammals
and birds were thought to be unable to reach the water.
Macroinvertebrates were found to be absent, which is
unusual for waterholes in central Australia.
The Channel Country is one of the most important
waterbird breeding areas in Australia, with breeding
occurring after flood events when food becomes abundant
(Roshier et al. 2001). Reid and Jaensch (2004) concluded
from surveys during the floods of 2000–1 that the
reproductive output of the Lake Eyre Basin may have
rivaled that of the Murray-Darling Basin and Northern
Territory Top End wetlands, with at least 5 million birds,
and up to 10 million, present in April 2000. The basin
extends into South Australia but Queensland has the most
productive breeding areas. More than 70 waterbird species
use the area during large floods, and up to 50 species
breed on temporary wetlands that fill after heavy rains.
After a survey following floods in early 2009, Reid et al.
(2010) concluded that the Channel Country is a ‘breeding
powerhouse for perhaps as many as 40 waterbird species,
in terms of making a significant contribution to recruitment
viewed from the national perspective.’ They rated it as
internationally important for waterbirds, and probably the
most important breeding habitat in Australia for a range of
species. Birds that breed in large numbers there include
pelicans, herons, ibises, cormorants, ducks and terns.

The beaded gecko (Lucasium damaeum) may fail to survive
in the Simpson Desert if temperatures keep rising. It escapes
summer days by sheltering in insect and spider burrows. Photo:
Terry Reis

The reptile fauna of the region is very diverse, indicating
good adaptation to the current extreme climate; reptiles can
survive heatwaves by remaining inactive in cool burrows.
But in the Simpson Desert, where reptiles live close to the

Flood events are produced by monsoon rain falling in the
upper catchments of the Georgina, Diamantina, Cooper
and Thompson rivers. Waterbird breeding success is
proportional to the scale of flooding, so a decline in
rainfall will reduce breeding success, with implications
for waterbird numbers throughout Australia. However,
even if rainfall declines, the Channel Country offers a
better long term future for Australian waterbirds than
the degraded Murray-Darling system or the Top End
Floodplains, the latter under threat from rising sea levels
(Traill et al. 2009).
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Fish, turtles, crustaceans and aquatic insects survive the
dry years in deep waterholes, which represent long term
drought refuges. The permanent and semi-permanent
wetlands in the region have been mapped by Silcock
(2009), who noted:
‘The Cooper catchment has by far the highest number
and density of both permanent and semi-permanent
waterbodies, particularly south of Jundah where
permanent waterholes become a feature of the system.
In contrast, the Diamantina and Georgina catchment
are characterised by a small number of widely-spaced
permanent waterholes, interspersed with clusters of
semi-permanent ones and long reaches with very little
reliable water.’
Under climate change these pools face several threats,
from reduced inflows, possibly more variable rainfall
resulting in longer droughts, increased evaporation,
and higher temperatures reducing dissolved oxygen.
Land-use pressures may interact with climate change to
place even more demands on these refugial waterholes.
Their decline would reduce populations of aquatic
animals, such as the near-endemic Cooper Creek catfish
(Neosiluroides cooperensis) and slow the recovery of fish
and other aquatic animals when droughts end, reducing
the productivity of wetlands during floods and thus
breeding opportunities for birds. Drought refuges are also
important to the long-haired rat (Rattus villosissimus),
which is thought to contract to permanent waterholes
during droughts (Van Dyck and Strahan 2008). It is
an important food source for raptors and snakes. The
conservation of all permanent waterholes should thus be
a very high priority.
In the boom-bust environment of the Channel Country,
high rainfall events can also cause animal and plant
deaths. During the 2009-2010 period of above average
rainfall, waterlogging killed some floodplain plants and
forced small mammals from their burrows (Chris Mitchell
pers. comm.). Flooding events that increase populations
of sand flies have caused mass macropod deaths in
western Queensland (Chris Mitchell pers. comm.);
such deaths are probably caused by orbiviruses (Olsen
and Low 2006). Such death events presumably occur
naturally, but their frequency could increase if climatic
variability increases. High rainfall events can also
increase feral cat numbers, leading to elevated predation
rates around waterholes when dry conditions return.
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6.6.5 Management
The Channel Country should receive more recognition
as a nationally significant nursery for waterbirds, of
growing importance given the ongoing decline of the
Murray-Darling Basin and the threat posed by rising
sea levels to Top End wetlands. The protection of all
permanent waterholes (as drought refugia and a source
of productivity for bird breeding events) should be a very
high priority. Water Resource Plans will have a critical
role to play in ensuring that landholders do not deplete
important waterholes.
The Channel Country should receive special attention
as a region in which the impacts of climate change may
become obvious at an early date. Mass deaths of birds
and kangaroos would focus public attention on climate
change as a cause of biodiversity loss.
Consideration should be given to keeping old sheds and
other shade-producing structures in conservation areas
for the role they can play in reducing heatwave deaths.
Camels should be controlled before their numbers
increase to highly damaging levels. Any shift to
widespread grazing of other herbivores should be
assessed for the potential impact on biodiversity.
Drought and higher temperatures will reduce rabbit
numbers, providing good opportunities to further reduce
their numbers.

Climate change justifies close monitoring for population
increases of any native species with a reputation for causing
ecological problems. One to keep an eye on in western
Queensland is the yellow-throated miner (Manorina flavigula),
judging from recent research in western Victoria which found
it to be excluding birds from roadside remnants. This bird is
closely related to the noisy miner but is usually less aggressive,
probably because it lives in arid woodlands too poor in
resources to fuel aggressive defence. In the Mulga Lands it is
known to benefit from clearing. Photo: Jon Norling
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6.7

Mulga Lands

Mulga (Acacia aneura) has upright branches which channel rainwater down the trunk to the central taproot. Photo: Jon Norling

he Mulga Lands is a semi-arid bioregion in which
the dominant plants should survive considerable
climate change (although drought deaths will
occur), but many animals and relict plants are likely to
decline from decreasing rainfall, higher temperatures,
and the worsening impacts of invasive species, especially
goats and buffel grass.

T

6.7.1 Climate change
Temperatures are projected to increase by about 3.5 °C by
2070, with an increase of up to 5 °C considered possible.
These figures, and those for rainfall, are based on
projections developed for regions that overlap with the
Mulga Lands but do not have the same boundaries (see
section 2), so are only indicative. In St George, on the
eastern edge of the bioregion, the number of days above
35 °C is expected to increase from the current 47 per year
to 135 by 2070. In Charleville the number may increase
from 64 to 130. Temperatures have risen 0.5 °C or more
over the last decade.
Future rainfall is more difficult to predict. The best estimate
outcome is for a decrease of 10%, but the model estimates
range from a decrease of 38% to an increase of 20%.
Fire risk is likely to decrease, from declining rainfall
lowering fuel connectivity by reducing growth of grass.
It will increase if rainfall increases or if rising CO2
levels compensate plants for lower rainfall and higher
evaporation by increasing water use efficiency.

6.7.2 Biogeography
The Mulga Lands is a semi-arid bioregion dominated
by species well adapted to a harsh climate, but also
containing uncommon relict plants whose affinities
lie variously with dry rainforest (Cadellia pentastylis,
Ehretia membranifolia), heathland (Calytrix tetragona,
Prostanthera species, Thryptomene hexandra) and inland
woodland (Acacia ammophila, A. spania, Rhaphidospora
bonneyana). This suggests that increasing Pleistocene
aridity partially, but not completely, eliminated
vegetation communities that were probably widespread
in the Pliocene when the climate was wetter and
more equable. The ice age cycles may have promoted
dominance by mulga (Acacia aneura) at the expense of
eucalypts and smaller trees such as western rosewood
(A. spania). The bioregion thus has large numbers of
relict plants vulnerable to future climate change growing
among arid-adapted dominant plants.
Vegetation in the Mulga Lands has responded
dramatically to past human impacts and may do so again
in future. Mulga trees and shrubs distasteful to livestock
have thickened up over vast tracts of grazing land, much
to the detriment of farmers (Booth 1986). Tree and shrub
responses to climate change could prove equally difficult
to manage, except on a local scale.
The Mulga Lands is one of the more severely degraded
of Queensland’s bioregions, because farmers can rely
on mulga foliage as drought fodder, resulting in high
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stocking rates during droughts, leading to elimination of
ground cover plants and subsequent soil erosion. This
situation suggests that serious degradation will occur
during future droughts as well.
In the Mulga Lands, maximum summer temperatures
increase on an east-west axis, rainfall declines on the
same axis, and this gradient seems to control more
species distributions than annual mean temperatures,
which increase on a north-south axis. Under climate
change it seems likely that many species will contract in
range eastwards.

6.7.3 Vegetation
The plants that dominate regional ecosystems in the
bioregion (Wilson 1999) are tentatively assessed for
their potential vulnerability to climate change based on
distributions (Table 15).

For small birds such as the restless flycatcher (Myiagra
inquieta), higher CO2 could mean fewer insects on foliage,
resulting in smaller clutch sizes, while longer droughts could
reduce opportunities to breed. Photo: Jon Norling

Table 15. Dominant trees in the Mulga Lands and their potential vulnerability to climate change
Low Vulnerability

Medium Vulnerability

Mulga (Acacia aneura)
Gidgee (A. cambagei)
Bendee (A. catenulata)
Bastard mulga (A. stowardii)
Desert bloodwood (Corymbia
terminalis)
Coolibah
(Eucalyptus coolabah)
Beefwood (Grevillea striata)

Acacia ensifolia
Ironwood (A. excelsa)
Yarran (A. omalophylla)
Boree (A. tephrina)
Kurrajong
(Brachychiton populneus)
White cypress
(Callitris glaucophylla)
Belah (Casuarina cristata)
Moreton Bay ash (Corymbia
tessellaris)

Mulga (Acacia aneura), the tree that dominates the Mulga
Lands, should survive substantial climate change, having
a distribution that extends into much hotter and drier
regions further west, although many drought deaths are
likely in future. A bioclimatic analysis of mulga showed it to
be widespread in Australia’s arid zone but virtually absent
from semi-arid regions with a regular summer or winter
drought (Nix and Austin 1973), namely the Mediterranean
and monsoon regions of southern and northern Australia
respectively. The Mulga Lands are far removed from either
region, in latitudes that receive significant summer rain from
the north and winter rain from the south. Climate projections
indicate that rainfall in the Mulga Lands will decline more in
winter-spring (by 17–21%) than summer-autumn (a 3–8%
decline), significantly increasing winter drought. Even so,
the Mulga Lands will receive more winter-spring rain than
the Longreach area where mulga currently grows. Howden
et al. (2001) modelled future mulga growth and concluded
that if temperatures in the Mulga Lands rise 3 °C, rainfall
declines by 10%, and CO2 levels double, mulga growth
could increase by up to 3.3% or decrease by up to 3.9%,
depending on how responsive it is to higher CO2. This was
under a scenario of no grazing or burning. In a glasshouse
study, mulga was found to be less responsive to CO2
fertilisation than five Acacia species from mesic regions
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High Vulnerability
Budda (Eremophila mitchellii)
Queensland peppermint
(Eucalyptus exserta)
Gum-barked coolabah
(E. intertexta)
Silver-leaved ironbark
(E. melanophloia)
Yapunyah (E. ochrophloia)
Poplar box (E. populnea)
Napunyah (E. thozetiana)

Bowyakka (Acacia
microsperma)
Lancewood (A. petraea)
Rough-barked apple
(Angophora floribunda)
Black box (Eucalyptus
largiflorens)

(Schortemeyer et al. 2002), indicating that rising CO2 levels
should increase water thrift in mulga, providing some
compensation for declining rainfall (see section 3.6).
Deaths of mulga occurred during the Federation Drought
(Fensham and Holman 1999). Witt et al. (2009) noted that
significant drought-induced dieback has also occurred
since 2001. But they also found from aerial photos that
canopy cover had increased by 3.5% in the Mulga Lands
during the second half of the 20th century, which they
attributed to two high rainfall recruitment events, one in
the 1950s and the other in the 1970s. Mulga is thought to
be much thicker today than in the 19th century because
of less fire (Witt et al. 2009), livestock grazing having
greatly reduced the capacity for grasses to spread fire.
Tree recruitment in the Mulga Lands is an episodic event,
tied to above-average rainfall years, and possibly to high
winter rainfall (Burch and Nicholls 1981). Burrows and
Beale (1969) suggested that plant distribution in the Mulga
Lands ‘appears to be influenced by competitive ability in
above-rainfall years and not ability to survive droughts’.
Most of the trees listed as having medium vulnerability
have a range that does not extend significantly west
of the Mulga Lands, if at all, except for white cypress
(C. glaucophylla), gum-barked coolabah (E. intertexta)
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and napunyah (E. thozetiana), which are largely or
entirely absent from the Channel Country but which
have populations around Alice Springs. Alice Springs
has higher rainfall and lower mean temperatures than
the Channel Country, suggesting these species could
be close to their thresholds for moisture availability in
the Mulga Lands. All species listed as having medium
vulnerability may contract in range eastwards, except
perhaps for two species. Queensland peppermint may
prove especially tolerant of harsh conditions because
it grows readily as a mallee (see section 4.1); its
distribution may reflect elevated land rather than climatic
limits. Yapunyah (E. ochrophloia) is a mainly riverine
species largely endemic to the bioregion that may be
protected from climate change by its riparian habit.
In the east of the region mulga forms open forests with
poplar box (E. populnea) and silver-leaved ironbark
(E. melanophloia) that grade into poplar box woodlands
further east (Neldner 1986). Both eucalypts reach their
western limits within the Mulga Lands and seem likely to
contract eastwards. In central Queensland both species
died more often during recent drought than other eucalypts
(Corymbia species) because they have shallower roots,
with poplar box the more susceptible of the two (Fensham
and Fairfax 2007). Nix and Austin (1973) noted that mulga
‘develops its highest biomass and approaches open forest
structural formation in increasingly close association with
Eucalyptus populnea towards the east until E. populnea
replaces it entirely’. Under climate change mulga can be
expected to increasingly replace poplar box and silverleaved ironbark if they succumb to drought, except where
land clearing prevents their spread.
Acacia species with small distributions and confined
to rocky terrain are difficult to assess because their
western limits in the Mulga Lands may reflect the limits of
suitable habitat rather than climatic tolerances. Ironwood
(A. excelsa) and yarran (A. omalophylla) are listed as
having medium vulnerability but their responses to
drought (Fensham and Holman 1999) suggest they face a
low risk.
Vegetation thickening is a significant land management
issue in Mulga Lands, occurring when either mulga or
unpalatable shrubs (Eremophila, Dodonaea, Senna)
replace grasses and forbs, converting open woodlands
into woody thickets. Woody plants extract more soil water
than the groundcover plants they displace, and where
thickening occurs around eucalypts vulnerable to climate
change it could increase their water stress. Thickening in
such situations can be prevented by burning grasslands
after rain to kill seedling shrubs (Booth 1986), but only
where grazing is minimised to allow lush growth of grass.
Various shrubs and herbs with small distributions
centred on the Mulga Lands can be expected to decline
under climate change. They includes several shrubs
(Hakea collina, H. maconochieana, Philotheca cuticularis,
Prostanthera megacalyx, P. suborbicularis, Thryptomene

hexandra) that appear to be survivors from a more
climatically stable past when heathland communities were
probably widespread and diverse on siliceous soils.
Ooline (Cadellia pentastylis), believed to have been
a major rainforest tree in times past, grows on the
eastern edge of the Mulga Lands. It is very vulnerable to
climate change, along with three dry rainforest shrubs,
Acalypha eremorum, Croton phebalioides and Ehretia
membranifolia, which are also mainly confined to the east.
Of the grasses that dominate habitats in the Mulga Lands,
the Mitchell grasses (Astrebla lappacea, A. pectinata) occur
in much hotter and drier regions than the Mulga Lands,
and should survive considerable climate change.
Buffel grass (Pennisetum ciliare) invasion of woodlands
in the eastern Mulga Lands is a growing concern because
it fuels hot destructive fires and displaces diverse
understorey communities. Higher temperatures under
climate change will increase the prospect of buffel grass
fires killing shrubs and trees, as is happening in national
parks in the Brigalow Belt (see section 6.12). Buffel grass
grows taller in the northern Brigalow Belt than it does in
southern Queensland (Peter Young pers. comm.), and
higher temperatures could promote larger growth in the
Mulga Lands and thus hotter fires.
Severe droughts in central Australia could drive large
numbers of camels into Queensland (Frank Keenan
pers. comm.), with significant consequences for woody
vegetation in the Mulga Lands (see section 6.6).
Determined camels are not stopped by fences.

6.7.4 Fauna
Mass deaths of birds during heatwaves can be expected
in the Mulga Lands, judging from an event that occurred
in 1932 (see sections 3.1, 6.5 and 7). Robertson
(1932) described finches, ‘crows’, Australian magpies
(Cracticus tibicen), crimson chats (Epthianura tricolor)
and budgerigars (Melopsittacus undulatus) perishing
en masse in tanks, dams and waterholes during an
exceptional heatwave. This was reported from Ruthven
Station near Isisford, just north of the Mulga Lands.
The western half of the region could become a periodic
population sink for mobile birds such as budgerigars
and zebra finches, and less mobile birds could become
rarer. Deaths could be catastrophic if a heatwave of
unprecedented severity struck during a major drought
when trees had died over vast areas, greatly reducing
shade. Mammals, reptiles and amphibians would
probably die as well as birds.
Of the larger mammals in the bioregion, the koala
(Phascolarctes cinerea) and yellow-footed rock wallaby
(Petrogale xanthopus) seem most likely to decline because
of climate change, because both species are at the edges of
their ranges in the Mulga Lands. Koalas remain widespread
in the bioregion except in the drier southwest. They were
last seen around Thargomindah in the late 1920s and
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1930s, years of ‘extremely low rainfall’, when livestock
densities were high, rabbits in plague numbers, and koalas
were hunted for pelts (Sullivan et al. 2003a). But a healthy
individual was seen recently near Hungerford (Andrew
McDougall pers. comm.), indicating some survival in the
southwest of the bioregion. Koalas in the Mulga Lands
today feed mainly on river red gums (E. camaldulensis)
(32% of diet), napunyah (E. thozetiana) (29%), coolabah
(E. coolabah) (18%) and poplar box (E. populnea) (11%),
on hills and plains (Sullivan et al. 2003b). River red gums
grow on riverbanks and alluvium, while napunyah is found
mainly on Tertiary scarps. Napunyah and poplar box are
likely to decline if the climate becomes hotter and drier,
while river red gums and coolabah will die in some locations
if permanent waterholes dry out. Rising CO2 will reduce
nutrient levels in eucalypt foliage (see section 3.6), however
river red gums and coolabahs should retain high nutrient
values because they grow on fertile riverbanks and alluvium.
Worsening heatwaves are likely to prove very detrimental
to koalas in the Mulga Lands, and longer droughts will
also reduce their survival. Many koalas died during a
drought and heatwave in the eastern Mulga Lands in 1980,
when the mean daily maximum temperature at Bollon
showed the greatest rise (3.9 °C) above the mean since
at least 1960 (Gordon et al. 1988). As noted in section
3.2, koalas in river red gums growing near permanent
waterholes survived, while those away from water mostly
died after the gum trees shed their leaves, leading to a
63% decline in koala numbers. The deaths were attributed
to a combination of malnutrition and dehydration from
deteriorating leaf quality. In the defoliated areas both weak
and healthy koalas were found on and near the ground,
apparently for the shade. Koala numbers were expected to
recover as the survivors near permanent water multiplied
in good rainfall years. River red gums growing near
permanent water will be the key to koala survival in the
Mulga Lands. Those used by koalas should be surveyed
and protected from local and upstream water extraction.
The yellow-footed rock wallaby appears less vulnerable.
Numbers sometimes fluctuate in response to drought, but
during one drought in South Australia they suffered far
less than wallaroos (Macropus robustus) (Hornsby and
Corlett 2004), even though wallaroos occupy much hotter
and drier regions of Australia. Rock wallabies can best be
protected by ensuring that water is available in nearby
dams, and by controlling goats and predators.
The Mulga Lands could become an important refuge for the
endangered northern hairy-nosed wombat (Lasiorhinus
krefftii). The only surviving remnant population, at Epping
Forest National Park (scientific) in the central Brigalow Belt,
could be highly vulnerable to climate change. The species
historically occurred near St George on the Mulga Lands Brigalow Belt boundary, and was recently reintroduced to
Yarran Downs in the Brigalow Belt, just east of the Mulga
Lands. The Mulga Lands could become a reintroduction
site in future.
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Ephemeral wetlands can be expected to decline in size,
frequency of filling and productivity, to the detriment
of waterbirds and migrating waders. For example,
temporary claypans in the Paroo catchment, which are
rich in invertebrates when water is present (Department
of Environment and Resource Management 2009b), will
fill less often. The major semi-permanent and permanent
wetlands in the bioregion, for example Currawinya
Lakes, are important drought refuges for ducks and other
waterbirds, especially the near threatened freckled duck
(Stictonetta naevosa). Many waterbirds breed in the
bioregion when temporary wetlands fill, although the
Mulga Lands are less significant than the Channel Country
as a waterbird nursery (Roger Jaensch pers. comm.).
The Upper Bulloo River has permanent waterholes that
serve as important drought refugia for fish and other fauna
(Department of Environment and Resource Management
2009). Under climate change these pools could suffer
reduced inflows, increased evaporation, and higher
temperatures reducing dissolved oxygen.
Climate change can be expected to alter bird abundances
within the Mulga Lands. Black-chinned honeyeaters
(Melithreptus gularis) in the Mulga Lands are at the
western edge of their range and thus highly vulnerable.
Major Mitchell’s cockatoos (Lophochroa leadbeateri) may
contract eastwards if white cypress (Callitris glaucophylla),
one of their food trees, contracts eastwards.

Major Mitchell’s cockatoos (Lophochroa leadbeateri) often
eat seeds of white cypress (Callitris glaucophylla), a tree that
succumbs to major droughts in large numbers. The range
of these birds may indicate the drought tolerance of their
foodplants. Photo: Jon Norling

Most of the reptiles in the Mulga Lands have distributions
extending further north and much further west, suggesting
a tolerance for higher temperatures and lower rainfall.
Two noteworthy exceptions are the yakka skink (Egernia
rugosa) and brigalow scalyfoot (Paradelma orientalis), two
vulnerable lizards at the western edge of their range within
the Mulga Lands. They may contract eastwards.
Land management changes in response to climate change
could have very significant but variable biodiversity
outcomes in the Mulga Lands. As heat stress on livestock
increases, and pasture quality decreases, producers may
turn more to goat farming or become more dependent on
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feral goats, with serious implications for plant biodiversity.
Goats may imperil threatened shrubs, which often
grow on the scarps preferred by goats. Concerns about
methane emissions from livestock and heat stress on
livestock could drive a shift to more kangaroo harvesting,
which would generally benefit biodiversity. Because the
profitability of farming in the Mulga Lands is low and
land prices are low, carbon sequestration could become
an important alternative land use. Howden et al. (2001)
modelled the potential for mulga stands in the Mulga
Lands to serve as carbon sinks and found that carbon
storage would be highest if stock and fire were excluded.
But they noted that fire exclusion could not be guaranteed.

6.7.5 Management
If landholders become more reliant on goats, kangaroos or
carbon sequestration, the biodiversity implications should
be assessed and management responses developed.
Because the Mulga Lands are already very degraded, with
widespread soil erosion facilitated by high stocking rates,
goats could do great harm.

6.8

Spread of buffel grass into woodlands of conservation
value should be prevented.
Vegetation thickening should be prevented in conservation
areas where this could result in reduced water availability
to trees that are vulnerable to climate change.
Water extraction from permanent waterholes that serve
as drought refugia should be limited to ensure that
such refugia survive. Water Resource Plans will play a
critical role in ensuring that landholders do not deplete
important waterholes.
Koalas and possibly yellow-footed rock-wallabies in the
Mulga Lands are very vulnerable to climate change. Stands
of river red gums that provide refuge to koalas during
drought should be mapped and protected from water
extraction. Rock wallabies can be protected by keeping
water available in nearby dams, and by controlling goats
and predators.
Camels should be controlled in central Australia to prevent
their numbers increasing in other regions, including the
Mulga Lands.

Wet Tropics

On steep slopes in the Wet Tropics, plants and animals have varying altitudinal limits, which are expected to vary as the climate
changes. This is Wooroonooran National Park, which includes Bartle Frere, Queensland’s highest mountain. Photo: DERM

he Wet Tropics is a very diverse bioregion in which
some high altitude animals and plants face serious
risks from climate change, although the timescales
on which losses will occur is very uncertain. Upland
invertebrates probably face the highest risks. Replanting
rainforest in the Evelyn-Atherton upland rainforest will
assist some species, and so too better weed control, pig
control, and Phytophthora management.

T

6.8.1 Climate change
Mean temperatures in the Far North Queensland region,
of which the Wet Tropics are part, are predicted to
increase by 2.8 °C by 2070, and an increase of up to
3.9 °C is considered possible. In Cairns, the number of
days above 35 °C is expected to increase from the current
4 days to 34 by 2070.
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Future rainfall is more difficult to predict. A decrease of 3%
is projected for the Far North region, but a decrease of up
to 26% or an increase of up to 22% is considered possible.
The projected rises in temperatures and declines in rainfall
are less than are projected for most bioregions.

climate may be marginal for its survival. The Gondwanan
beetle genus Sphaenognathus, which is also shared
with South America, is represented by one species
(S. queenslandicus) in the Wet Tropics confined to the
Carbine Tableland.

Fire risk can be expected to increase with higher
temperatures.
Cyclones are predicted to decrease slightly in frequency,
but the number of long-lived and severe (Category 3-5)
cyclones is predicted to increase. The combination of
more intense cyclones and rising sea levels will lead to
storm surges penetrating further inland.

6.8.2 Biogeography
The Wet Tropics is one of Australia’s most significant
bioregions because it has the most extensive and
species-rich rainforests, containing many endemic
lineages that have changed little over long periods. The
rainforests, which extend discontinuously for 450 km, are
backed in the west by tall wet eucalypt forests and in the
east by various lowland habitats, both of which support
endemic species.
The endemic rainforest species are found mainly above
600 m altitude. They are a subset of what must have
been a much larger fauna prior to the Pleistocene
(Williams and Pearson 1997; Winter 1997). A spate of
DNA studies has shown that the rich songbird fauna of
New Guinea had its origins in the Australian rainforest,
and many genera confined to the New Guinea cordillera
probably originated in Australian rainforest but did not
survive there (Schodde 2006). The Mt Etna Caves near
Rockhampton record a rich fauna of lowland rainforest
marsupials that lasted until 280 000 years ago (Hocknull
et al. 2007). These mammals are closely related to
species found today in New Guinea, implying that a
rich lowland fauna occurred in the Wet Tropics as well.
Increasing climatic instability in the Pleistocene (Hocknull
et al. 2007) was marked by cold, arid glacial periods
during which rainforest contracted to upland areas, and
survival became impossible for most lowland specialists
(Winter 1997; VanDerWal et al. 2009) and for specialised
birds and mammals, of which there is a ‘general paucity’
in the Wet Tropics (Williams and Pearson 1997).
The Pleistocene climatic sifting has left mostly
widespread species with wide climatic tolerances, plus
a suite of rarer endemic upland species, some of which
appear to be very old lineages vulnerable to future
climate change. These species are often confined to
the summits or upper slopes of one or two mountains.
For example the Gondwanan plant genus Eucryphia,
shared by Australia and South America, is represented
in Queensland by one species (E. wilkiei) found high
on Mt Bartle Frere and by another found at a single
location in South-east Queensland. The northern species
is unusual in growing only among boulders as a multistemmed shrub and not as a tree, suggesting the current
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The stag beetle Sphaenognathus queenslandicus is extremely
restricted within the Wet Tropics, suggesting a loss of
populations to past climate change and high susceptibility to
future climate change. Photo: Queensland Museum

But not all montane species are Gondwanan: the pygmy
white-tailed rat (Uromys hadrourus) is descended from
rodents that reached Australia from Asia. Queensland’s
michohylid frogs may also be immigrants from the north.
In the lowlands of the Wet Tropics are many newcomers
from Asia that are well adapted to tropical climates,
including gingers, bananas and starlings. The iconic fan
palm (Licuala ramsayi) could well be a recent immigrant.
New species entering from New Guinea on a landbridge
that was present as recently as 10 000 years ago have the
potential to displace older residents stressed by climate
change, if they prove better adapted to future climates.
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The Wet Tropics rainforests are ‘considerably less
species-rich’ than the associated sclerophyll forests,
which have about 388 terrestrial vertebrates compared
to fewer than 270 in rainforest (Williams et al. 1996). But
the rainforests are far richer in endemic species, with
25% endemic to the Wet Tropics compared to only 4% in
sclerophyll habitats (Williams et al. 1996). The endemic
sclerophyll species do, however, include some of high
biological interest, for example the mahogany glider
(Petaurus gracilis), northern bettong (Bettongia tropica),
and a carabid beetle (Pamborus elegans).

6.8.3 Vegetation
This section first addresses rainforests, then other habitats
are considered.
Hilbert et al. (2001) modelled future rainforest distribution
in the Wet Tropics under climate change and found that a
10% decline in rainfall would reduce the area of rainforest
by 20% as eucalypt forests and woodlands took its place.
But their modelling assumed that the rainforest-eucalypt
boundary reflects the influence of the current climate,
which is doubtful. Recent expansion of rainforest into
eucalypt forests is occurring widely in the Wet Tropics, for
example on the western edge of the rainforest zone in the
uplands (Harrington and Sanderson 1994), on the Daintree
lowlands (Hopkins et al. 1996) and within mahogany glider
habitat south of Tully (Jeanette Kemp pers. comm.; Steve
Jackson pers. comm.). This expansion has sometimes been
dramatic despite declining rainfall since 1910, because of
grazing; urbanisation; firebreaks created by roads, railway
lines and powerlines; and an end to Aboriginal burning.
Harrington and Sanderson (1994) attributed the upland
expansion to reduced intensity of fires, including those
lit by Aborigines and lightning, brought about by grazing,
roads (operating as firebreaks) and early fires lit by graziers.
Hopkins et al. (1996) interpreted the expansion of lowland
rainforest as a delayed response to a wetter climate since
the last glacial period. They found charcoal inside the
Daintree rainforest, showing that eucalypts dominated the
region until at least 1400 years ago, and that rainforest has
continued expanding in the 20th century. Evidence for this
includes explorers’ diaries implying ‘massive changes’ from
eucalypt forest to rainforest and large eucalypts towering
above youthful rainforest. Hopkins et al. postulated that
Aboriginal burning either retarded the re-establishment of
rainforest following dry glacial conditions 17 000 years ago
or facilitated its replacement by eucalypts. Early observers
recorded ample evidence of Aborigines burning, partly to
keep favoured areas open (Kemp et al. 2007). The evidence
strongly implies that the historic rainforest-eucalypt
boundary was influenced by Aboriginal management and
does not accurately reflect climate. Some recent attempts
by land managers to halt rainforest expansion using burning
have been ineffective, as many rainforest pioneering species
possess the ability to vegetatively regenerate after low to
moderate intensity fires (Williams 2000). It is clear that the

way each vegetation community responds to the intensity
and frequency of burning is still not well understood
(Williams 2000). Rainforests in the absence of regular
anthropogenic fires seem capable of occupying a much
larger area, and although climate change may reduce further
gains it seems unlikely to reduce rainforest area by 2070
except in locations where rainforest growth is marginal.
Rising emissions provide another reason to question the
modelling of Hilbert et al. (2001), because high CO2 levels
increase water-use efficiency in plants, compensating for
lower rainfall (see section 3.6), a factor that Hilbert et al.
(2001) did not address. Steffen et al. (2009) suggested
that anthropogenic climate change has already contributed
to rainforest expansion in the Wet Tropics, although they
did not mention rising CO2 as a reason. In arid bioregions,
rising CO2 may not compensate for declining rainfall but
in the Wet Tropics, with reliable wet season rainfall and a
projected rainfall decline of only 3%, water availability to
plants may increase rather than decrease, although some
thickening of rainforest (more lianas and saplings) could
reduce the benefit to individual plants (see section 3.6).
Water availability in most of the Wet Tropics is well above
the levels needed to support rainforest (see section 4.2).
The future boundary between rainforest and eucalypt
forest will be determined mainly by fire regimes, which will
be influenced more by land management than climate,
as has evidently been the case for thousands of years.
Further expansion or consolidation of rainforest is likely in
many places where fires are now rare events because of
land management, even if rainfall declines by 5% or more.
Eucalyptus rust (see below) could greatly increase the
rate of rainforest expansion by reducing the survival and
growth rates of eucalypt seedlings emerging after fire.
Some biologists reject the view that Aboriginal fires limited
the Wet Tropics rainforests along their western edge and
argue instead that extreme droughts of rare frequency
cause contractions and will do so in future (Bruce Wannan
pers. comm.). Anthropogenic climate change might not
alter drought risk in this region because increased wateruse efficiency could compensate plants for a predicted
3% decline in rainfall and higher evapotranspiration. CO2
fertilisation could also promote growth of deeper roots
(Iversen 2010), increasing water access.
If anthropogenic climate change is to contribute to
rainforest death, it is most likely to do so in the Paluma
and Seaview Ranges, where low microphyll araucarian
vine forest (Regional ecosystem 7.12.18) grows on
shallow soils and where the rainfall is markedly seasonal
and fires occur (Goosem et al. 1999). Rainforest death
was observed during a 2002 drought in the lower Paluma
Ranges. Plants of a wide range of species died, including
large trees (Bruce Wannon pers. comm., see section 4.2).
Rainforest in the southern Paluma Range has also been
destroyed by recent fire (Hoskin et al. 2003).
These conclusions about rainforest are based on the
‘best bet’ assumption that Wet Tropics rainfall will
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decline by 3%, which is very uncertain. Different climate
models suggest that a much larger decrease or a large
increase could occur, in which case the conclusions
about rainforest would be different.

could colonise gaps created by cyclones and other
extreme weather events. Many of these plants are rare
in cultivation, and they should be assessed for their
invasion risk and banned (declared) where appropriate.

Rising temperatures, altered rainfall patterns and CO2
fertilisation will alter competitive relationships between
rainforest plants, which could often be to the detriment
of rare and threatened species, of which there are many.
The region’s threatened species are concentrated at high
altitudes (above 600 m), and they are likely to face strong
competition from mid-level species spreading higher. At
particular risk are those plants that make up Regional
ecosystem 7.12.20, which consists of simple microphyll
vine-fern thicket found on mountain peaks. The plants
confined to this ecosystem, which include Dracophyllum
sayeri, Leptospermum wooroonooran, Polyscias
bellendenkerensis, and the Gondwanan relict Eucryphia
wilkiei, face very high risks from climate change (Goosem
et al. 1999). Other threatened species are found at low
altitudes and these could also be threatened by altered
competitive relationships.

Climate change can be expected to benefit the dieback
pathogen Phytophthora cinnamomi (Worboys 2006),
which has killed rainforest trees in many upland
locations, including Carbine Tableland, Mt Bartle Frere,
Windsor Tableland and Paluma Range (Gadek 1999).
Brown (1999) has predicted that Phytophthora will
benefit from high rainfall events favouring pathogen
growth and from low rainfall periods stressing trees.
Worboys (2006) warned that lower humidity and rainfall
and rising temperatures may increase susceptibility to
Phytophthora of rare upland trees such as Cinnamomum
propinquum. Higher temperatures in the uplands will
increase the annual period favourable for the pathogen’s
growth and spread (see section 3.7). Phytophthora is not
currently a major threat to rainforest in the Wet Tropics
but could become more serious in future.

An expected reduction in orographic cloud could be
detrimental to plants with very high water requirements,
such as ferns, mosses, and epiphytes. For upland
vascular plants, less orographic cloud will faciliate
competition from trees from lower altitudes benefiting
from higher light levels and temperatures.
The expansion of eucalypt forests in the region predicted
by Hilbert et al. (2001) may not occur for the reasons
outlined above, but rising temperatures increase the
prospects of hot fires retarding rainforest expansion into
sclerophyll habitats. Fire is such a rare event in some
areas, for example in mahogany glider habitat in the
south, that climate change seems unlikely to make a
difference (Steve Jackson pers. comm.).
Rainforests and other habitats can be expected to suffer
considerable disturbance if the intensity of cyclones
increases. One consequence could be an increase in
‘cyclone scrubs’ (Webb 1958), featuring lower canopies,
dense tangles of vines and reduced diversity (see
section 3.4). Low (2008) expressed concerns about
native vines such as Merremia peltata benefiting from
future cyclones: ‘Vines that grow after cyclones… create
a feedback loop. They retard regeneration, increasing
the vulnerability of rainforests to future cyclone damage,
the end result being more habitat for vines.’ Cyclones
also provide ideal opportunities for weeds to invade
(Low 2008; Murphy et al. 2008). Miconia (Miconia
calvescens) pond apple (Annona glabra), harungana
(Harungana madagascariensis) and cecropia (Cecropia
species) are examples of very serious Wet Tropics weeds
that benefit from cyclones or floods creating openings
for their seedlings. There are many other exotic plants
grown by collectors in the Wet Tropics – including palms,
gingers and fruit trees with bird-dispersed seeds – that
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Eucalyptus rust (Puccinia psidii), or myrtle rust, a
damaging pathogen (Glen et al. 2007) recently recorded
in Cairns, will harm some of the same plants attacked
by Phytophthora, notably those in family Myrtaceae,
such as Rhodamnia and Syzygium, including threatened
species such as the endangered Rhodamnia longisepala,
confined to the Windsor Tableland.
This rust is not predicted to benefit from climate change if
rainfall declines, but is mentioned here as an additional
threat that could greatly exacerbate the impacts of
climate change.
Rainforest damage could also result from cyclonefacilitated deer escapes. Many escaped from a deer farm
after Cyclone Larry (Low 2008) and are now considered
a conservation concern because they browse along
rainforest edges.
The Wet Tropics also feature heathlands with endemic
species that could be vulnerable to climate change.
The Hinchinbrook banksia (Banksia plagiocarpa),
Hinchinbrook kunzea (Kunzea graniticola) and a guinea
flower (Hibbertia pholidota), found on Hinchinbrook
Island and the adjacent mainland, could be threatened
by increasing competition from rainforest or by changed
fire regimes. The banksia is killed by fire and needs
fire intervals of more than eight years to reproduce and
maintain a presence (Williams et al. 2005). The sawsedge
Gahnia insignis grows in the Wet Tropics heathlands and
on the Macpherson Range in South-east Queensland but
nowhere in between, suggesting these heathlands are
relict habitats adapted to past climates. Heathland occur
in several places including on Mt Bartle Frere. The shrub
Leionema ellipticum is confined to the summit of Mt
Finnigan; Leionema is otherwise a temperate genus found
as far north as Crow’s Nest near Toowoomba.
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Rising sea-levels, cyclones and associated storm surges
pose serious threats to regional ecosystems on low-lying
land near the sea. A range of habitats will eventually be
affected, including freshwater swamps, grasslands and
paperbark wetlands. These habitats have mostly been
destroyed for agriculture, grazing and urbanisation, and
the limited remnants have very high biodiversity values
(Kemp et al. 2007). These remnants contain some rare
plants, for example the vulnerable ant plant Myrmecodia
beccarii. Storm surges during cyclones could carry large
distances inland, but although the force of water could
prove very destructive to forests, the saltwater might
not cause much harm because soils would already be
saturated from cyclonic rains. However, regardless of
cyclones, even very minor rises in sea level will effect a
number of low-lying vegetation communities which cover
a considerable area, especially on the floodplains of the
Herbert and Tully rivers. Initially the ground stratum of
many wetland communities is likely to be replaced with
salt-tolerant species, and as saltwater incursion becomes
more frequent, the overstorey of wooded vegetation
communities (such as paperbarks Melaleuca) will die
out. This will lead to complete loss of some ecosystems,
and reduction in area in others, most of which are already
endangered through clearing and degradation (Jeanette
Kemp pers. comm.).
Gahnia insignis distribution. Several insects found in open
forest in Queensland have a similar distribution.

Encroaching rainforest poses a threat to paperbark
forests in Edmund Kennedy National Park (Keith
McDonald pers. comm.); a higher fire risk under climate
change could slow this.
Gamba grass (Andropogon gayanus) has become highly
invasive in the Einasleigh Uplands just west of the Wet
Tropics and was recorded for the first time in the Wet
Tropics in 2005. This grass has been identified in many
reports by both weed experts and fire experts as a major
threat under climate change because of the extreme
fire risk it poses (see section 3.5). Gamba grass fires
can be eight times as intense as native grass fires and
repeated gamba grass fires kill eucalypts (Kean and
Price 2003; Rossiter et al. 2003). Other hot burning
grasses that compicate fire management include
grader grass (Themeda quadrivalvis), thatch grasses
(Hyparrhenia species).

6.8.4 Fauna
This section first addresses rainforest fauna, then fauna
of open forests.

Leionema distribution in Queensland. The map shows the
distribution of all Leionema species in Queensland, with the
northernmost record showing Leionema ellipticum, a shrub
confined to Mt Finnigan in the Wet Tropics

The Wet Tropics have been the focus of several studies
that predict dramatic declines of rainforest animals
under climate change. In particular, Williams et al.
(2003) modelled the future distributions of all endemic
vertebrates in the Wet Tropics and concluded that most
species would be severely threatened under climate
changes predicted for the 21st century. They predicted that
one frog (Cophixalus concinnus) could go extinct with a
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1 °C increase in temperature, although a more recent paper
casts strong doubt on this Shoo et al. (2010).
The conclusions of Williams et al. (2003) may be too
pessimistic about temperature thresholds. There is
pollen evidence (Kershaw and Nix 1988) suggesting that
temperatures on the Atherton Tableland may have been
2 °C higher than today during the Holocene Climatic
Optimum more than 5000 years ago, which all species
alive today must have survived, although this evidence is
not compelling (see section 2.1). There is evidence from
elsewhere in Australia and from around the world for
higher temperatures at this time, although it was wetter
than today rather than drier. The last interglacial may
have been equally warm or warmer (see section 2.1), and
may have been drier than today (see section 2.3). There is
also pollen and charcoal evidence to show that massive
rainforest contraction occurred during the last glacial
period (Hopkins et al. 1993; Hopkins et al. 1996) and that
rainforest today is more extensive than it has been for
most of the last 70 000 years (Kershaw et al. 2007). The
charcoal evidence shows that many areas of rainforest
at all altitudes supported eucalypt forest from 27 000 to
3500 years ago (Hopkins et al. 1993).
The modelling studies assume that all the distributions
of endemic species reflect climatic tolerances. Many high
altitude species are probably limited by temperature
or by temperature-influenced biotic processes such as
competition or pathogens. But one cannot assume that
lowland rainforest species are temperature-limited,

for the reasons outlined in section 5. In a subsequent
paper (Shoo et al. 2005), Williams admitted that his
earlier paper may have overstated extinction rates by
not allowing for colonisation of new lowland climatic
space. Williams et al. had assumed that species would
vacate lowland rainforests as temperatures rose, whereas
Shoo et al. (2005) allowed for continued occupation
and predicted lower extinction rates. The Wet Tropics
have very few lowland rainforest specialists, presumably
because of high extinction rates during ice ages, but
some rainforest endemics occupy a wide altitudinal range
(see Table 16), as do many widespread Queensland
species that use these forests. A few of the wide-ranging
species are rare at low altitudes, for example the
chowchilla, and will probably be more affected by climate
change than Table 16 implies.

Found at very low altitudes, the northern barred frog (Mixophyes
schevilli) may have better chances of surviving climate change
than related frogs confined to mountains. Photo: Terry Reis

Table 16. Endemic Wet Tropics vertebrates recorded at low altitudes

Species
Long-tailed pygmy possum (Cercartetus caudatus)

Lowest
altitude
(metres)A
10

Species
Skink (Coeranoscincus frontalis)

Lowest
altitude
(metres)A
70

Bennett’s tree-kangaroo (Dendrolagus bennettianus)

10

Grey-tailed skink (Glaphyromorphus fuscicaudis)

Lumholtz’s tree-kangaroo (D. lumholtzi)

10

Skink (Eulamprus tigrinus)

40

Musky rat-kangaroo (Hypisprymnodon moschatus)

10

Prickly forest skink (Gnypetoscincus queenslandiae)

40

sealevelC

Flute-nosed bat (Murina florium)

near sea
levelB

Cricket chirper (Austrochaperina fryi)

40

Mahogany glider (Petaurus gracilis)

near sea
levelB

White-browed chirper (A. pluvialis)

20

Pied monarch (Arses kaupi)

10

Buzzing nursery-frog (Cophixalus infacetus)

60

Chowchilla (Orthonyx spaldingii)

60

Ornate nursery-frog (C. ornatus)

10

Victoria’s riflebird (Ptiloris victoriae)

10

Waterfall frog (Litoria nannotis)

80D

Sooty owl (Tyto tenebricosa multipunctata) (endemic
subsp.)

40

Common mistfrog (L. rheocola)

20

Macleay’s honeyeater (Xanthotis macleayanus)

60

Northern orange-eyed treefrog (L. xanthomera)

80

Northern red-throated skink (Carlia rubrigularis)

20

Cogger’s barred frog (Mixophyes coggeri)

40D

Boyd’s rainforest dragon (Hypsilurus boydii)

40

Northern barred frog (M. schevilli)

20

Four-toed litter skink (Lampropholis tetradactyla)

100

Australian lacelid (Nyctimystes dayi)

20

Skink (Lygisaurus laevis)

40

A

From Nix and Switzer (1991) unless otherwise specified; B Van Dyck and Strahan (2008); C Wilson and Swan (2008); D Keith McDonald
(pers. comm.)
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Dunlop and Brown (2008, page 72 and Appendix 2),
in a major report about climate change and Australia’s
reserve system, were slightly more optimistic about the
future of rainforest animals, rating the Wet Tropics lower
than some bioregions in the level of threat faced: ‘Many
endemic species restricted to tops of tropical mountains
may be severely affected, but tolerance largely unknown,
probably will depend critically on uncertain rainfall
changes.’ They noted criticisms of the BIOCLIM modelling
package used by Williams et al. (2003). This modelling
can also be questioned for assuming that temperatures
will rise equally throughout the Wet Tropics. Dobrowski
(2010) has recently pointed out that montane locations
where cold air settles (local depressions, basins), and
which are probably important refuges, are decoupled
from regional averages, supporting relict climates through
times of change. The poorly studied Massenerhebung
effect – by which montane rainforests reach lower
altitudes on small mountains than on big ones (Grubb
1971) – adds further uncertainty. Williams (2009) recently
acknowledged that BIOCLIM can exaggerate, but said new
modelling methods have produced similar conclusions,
with increasing dry season severity potentially producing
outcomes comparable to rises in temperature. But rising
CO2 levels should increase water availability to plants,
and birds that eat their fruit and nectar may not suffer
shortages. However, there may be fewer insects for
birds, reptiles and amphibians to eat if CO2 fertilisation
reduces foliage palatability, and reduced foliage quality
could worsen the impacts of climate change on montane
browsing possums and tree kangaroos (see section 3.6).
Table 17 lists endemic vertebrates strongly associated
with high altitudes which seem most likely to decline from

climate change if temperatures rise by 2.8 °C or more.
Three recently described frogs can be added to this list:
the carbine barred-frog (Mixophyes carbinensis), Cogger’s
barred-frog (M. coggeri), and Kuranda tree-frog (Litoria
myola). Some vertebrates that reach intermediate altitudes
(for example green ringtail Pseudochirops archeri, greyheaded robin Heteromyias cinereifrons, various lizards
(Eulamprus tigrinus, Gnypetoscincus queenslandiae,
Saproscincus czechurai, Saltuarius cornutus) and frogs
(Austrochaperina robusta, L. nyakalensis, Taudactylus
acutirostris) have not been included in Table 16 and
Table 17 because they have lower limits well below 600 m
but not in the lowlands. Different publications and experts
give different minimum altitudes, so these figures should
be considered indicative rather than definitive, partly for
the reasons considered below.

Modelling by Shoo et al. (2010) implies that the grey-headed
robin (Heteromyias albispecularis) faces a better future under
climate change if the Wet Tropics become drier rather than
wetter. Photo: Jon Norling

Table 17. Wet Tropics vertebrates considered endemic to high altitudes

Species

A

Minimum
Altitude
(metres)A

Species

Rusty antechinus (Antechinus adustus)

600

Thornton Peak skink (Calyptotis thorntonensis)

640 B

Atherton antechinus (A. godmani)

600A

Chameleon gecko (Carphodactylus laevis)

420 C

A

Lemuroid ringtail possum (Hemibelideus
lemuroides)

450

Pygmy white-tailed rat (Uromys hadrourus)

550B
A

Skink (Eulamprus frerei)

> 1000(?)B

Skink (Glaphyromorphus mjobergi)

600 B

Daintree River ringtail (Pseudochirulus cinereus)

420

Bartle frère skink (Techmarscincus jigurru)

1400 B

Herbert River ringtail (Pseudochirulus
herbertensis)

590 B

Tapping nursery-frog (Cophixalus aenigma)

800-900D

Mountain thornbill (Acanthiza katherina)

640 B

Beautiful nursery-frog (C. concinnus)

Tooth-billed bowerbird (Scenopoeetes dentirostris)

420C

Pipping nursery-frog (C. hosmeri)

Bower’s shrike-thrush (Colluricincla boweri)

460 C

Montane nursery-frog (C. monticola)

1100 D

Australian fernwren (Crateroscelis gutturalis)

460 C

Tangerine nursery-frog (C. neglectus)

975 E

Bridled honeyeater (Lichenostomus frenatus)

340 C

Amoured mistfrog (Litoria lorica)

640 B

Golden bowerbird (Amblyornis newtonianus)

680 B

Northern tinkerfrog (Taudactylus rheophilus)

730 B

Atherton scrubwren (Sericornis keri)
A

Minimum
Altitude
(metres)A

460

1100 D
800-900 D

C

Van Dyck and Strahan (2008): B Nix and Switzer (1991); C Williams et al. (1999); D Hoskin (2004); E Hoskin (2008)
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In a survey of the Cannabullen Plateau, Williams et
al. (1999) were surprised to find several vertebrates
occurring at lower altitudes than was generally
recognised: ‘Eight regionally endemic bird species
were previously recognised as being restricted to above
600m (Crome and Nix, 1991), yet this survey recorded
five of these eight species at just over 400m.’ Williams
et al. noted that the plateau is unusual in having a
considerable flat area of rainforest on highly fertile
basalt, in contrast to much of the Wet Tropics rainforest,
which grows on slopes on less fertile granitic soils. One
implication would be that models may overstate declines
on rich basaltic plateaus. Another implication would be
that food supply may determine whether birds survive.
Another complication is that high altitude species are
occasionally found at very low altitudes. When upland
birds visit the lowlands in winter they may be remaining
within the same climatic envelope, but the lowland
records sometimes consist of breeding populations, as
with grey-headed robins (Nielsen 1996). Shoo et al. (2005)
recorded several upland birds at low elevations in very low
numbers, including Bower’s shrikethrush below 100 m and
Bridled honeyeater below 200 m, during mainly summer
surveys. These findings are difficult to interpret (and have
not been included in Table 17), but they offer further hope
that distributions will not contract as fast as the models
imply. Cliff and Dawn Frith (pers. comm.) suggested that
lowland competitors and nest predators may prevent
upland species from occupying lowland rainforests rather
than climate (see section 5). Lowland competitors and
predators may spread upslope as temperatures rise.
The vertebrates with the highest altitudinal limits are
several microhylid frogs (Cophixalus species), five of which
are confined to one or two mountain tops, and three high
altitude skinks (Calyptotis thorntonensis, Eulamprus frerei
and Techmarscincus jigurru), the last two of which are
confined to the summit of Mt Bartle Frere, which is ‘cloaked
in mist, subject to year-round cool to cold temperatures’
(Wilson 2005). But as noted in section 5.2, the three
lizards and the beautiful nursery-frog (C. concinnus) live
among rocks which provide thermal buffering. Shoo et al.
(2010) concluded that the nursery-frog, which is confined
to about 700 hectares of rainforest and boulder fields
(Hoskin 2004), and which was considered by Williams et
al. (2003) to face the highest risk of extinction, probably
faces a low risk from climate change. The same conclusion
could be applied to the lizards, whose presence at high
altitude, and survival through past climatic fluctuations,
probably reflects the capacity of rocks to supply consistent
moisture and stable temperatures. Of the remaining
frogs, some tangerine nursery frogs (C. neglectus) brought
down from the summit of Bartle Frere during summer
quickly died from heat stress (Zwiefel 1985), and this
species may be the vertebrate most vulnerable to climate
change. It appears to have vanished in recent years from
some habitat below 1200 m (Shoo and Williams 2004),
but Hoskin (2008) found it at 975 m on Mt Bartle Frere,
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noting that it reaches low altitudes on this peak than on
Mt Bellenden Kerr. The tapping nursery-frog (C. aenigma),
pipping nursery-frog (C. hosmeri), and montane nurseryfrog (C. monticola) may also face a very high risk, judging
from their altitudinal limits.
These species could face threats from reduced
orographic cloud as well from rising temperatures. Rising
temperatures and declining rainfall are both predicted
to raise the orographic cloud level on mountain peaks,
which is a major source of water on high slopes (Williams
et al. 2003; Australian National University 2009; Lovelock
et al. 2010; see section 3.2). But as noted in section 5.2,
habitat modelling of the grey-headed robin (Heteromyias
albispecularis) implies that it is limited at high altitudes
by excessive rainfall (Li et al. (2009), such that less
orographic cloud and rainfall under climate change could
be to its benefit. Dense persistent cloud reduces insect
activity and (by reducing light levels) plant photosynthetic
rates, both of which could reduce insect availability to
birds, reptiles and frogs. It is thus not clear how reduced
orographic cloud will impact on species. Its loss is likely
to be most serious for biodiversity on those peaks where
rainfall is lowest.
Of the upland birds, the mountain thornbill, golden
bowerbird and Atherton scrubwren appear to be the most
vulnerable, based upon the altitudinal structure of their
populations (see Shoo et al. 2005). None of these birds
will necessarily by harmed by climate change directly
(see section 5), with increasing competition from the
large-billed scrubwren (Sercornis magnirositris) possibly
posing the main threat to the Atherton scrubwren. The
mountain thornbill (Acanthiza katherina) has been seen
in summer below 300 m altitude (Russell Best pers.
comm.), which perhaps indicates that competition sets
its usual limits. Other species may be more vulnerable
than they seem because suitable habitat will shrink
rapidly as temperatures rise. In the Wet Tropics, large
areas of habitat are available on plateaus and slopes
between 500 and 900 m, but very little is present above
1000 m (Shoo et al. 2005).
Of the possums, the lemuroid ringtail can be found down
to 450 m but densities are greatest above 900 m (Van
Dyck 2008), suggesting that climate change could greatly
reduce its numbers. The small isolated population found
above 1100 m on the Mt Carbine Tableland has attracted
fame because of the high number of white individuals,
and the extinction of the ‘white lemuroid ringtail’ has
been reported in the media. But the white individuals
do not constitute a separate species or subspecies (Van
Dyck and Strahan 2008) and they have not disappeared,
although a decline after heatwaves was noted on the Mt
Carbine Tableland. Claims that the green ringtail possum
is exceptionally vulnerable to higher temperatures are
questionable, given that it extends into drier rainforest and
to lower altitudes (290 m) than other rainforest ringtails;
it ‘may be the least affected by global warming’ (Van Dyck
and Strahan 2008).

6. Bioregional reviews
should increase water availability to plants during the
dry season, maintaining the supply of nectar and fruits.
Two of the high altitude birds, the golden and toothbilled bowerbirds, live mainly on fruit, and the bridled
honeyeater eats fruit, nectar and insects. Planting their
dry season food plants in rainforest regeneration sites
may help them survive climate change.
The plant pathogen Phytophthora cinnamomi
exacerbates the threat posed by climate change by
killing trees, exposing animals in the understory to higher
temperatures and increased desiccation. It is most active
in the high altitude rainforests that support the endemic
lizards and frogs facing the greatest risks from climate
change, for example on Mt Bartle Frere, Mt Bellenden Ker,
Mt Windsor and Mt Lewis (Gadek 1998; Worboys 2006).
Its spread should be prevented.
Rising temperatures could reduce the incidence of chytrid
fungus, a temperature-sensitive pathogen that kills frogs,
but there are questions about whether any benefit will
occur (see section 3.8).

The green ringtail (Pseudochirops archeri) could be faced with less
nutritous leaves as well as higher temperatures. Photo: Brett Taylor

Montane mammals could suffer from declining food
quality as well as rising temperatures. Kanowski (2001)
tested two important foodplants of north Queensland
rainforest possums and tree kangaroos and found that
elevated CO2 increased leaf thickness and reduced
nitrogen availability. In Flindersia brayleyana it also
decreased concentrations of phosphorus, potassium and
calcium. Leaves became tougher as well, although only
on rainforest rhyolite soils, which are uncommon in the
Wet Tropics (Keith McDonald pers. comm.). Soil fertility
may increasingly influence mammal abundance.
Rainfall seasonality influences rainforest bird abundance
above 600 m. Williams and Middleton (2008) found
that birds were more abundant where the dry season is
less extreme, and concluded that the ‘likely mechanism
driving the relationship between bird abundance and
climatic seasonality is a resource bottleneck (insects,
nectar, and fruit), during the dry season that limits
the breeding success and hence population size of
many species.’ They proposed that drier dry seasons
under climate change could increase this resource
bottleneck. But as already noted, CO2 fertilisation

There are also many invertebrates confined to isolated
mountain summits in the Wet Tropics that face significant
threats from climate change. The region has 274 flightless
insects confined to upland regions, 137 of which are
restricted to a single massif or range where climate
change poses a serious threat (Yeates and Monteith
2008). Because of the very large number of species with
very small distributions, extinctions of invertebrates
are likely to precede those of vertebrates. Wilson et al.
(2007) proposed that the many Schizophoran fly species
confined to high altitudes in the Wet Tropics would
disappear with rising temperatures, and John Stanisic
(pers. comm.) knows of about 50 snail species that
appear vulnerable, including Hedleyoconcha ailaketoae
and Danielleilona marycolliverae, confined to Mt
Bellenden Ker and Bartle Frere (Stanisic 1990). Other high
altitude invertebrates include the Mt Lewis winged stickinsect (Sipyloidea lewisensis), which will be based with
declining leaf quality from higher CO2; the Mount Lewis
stag beetle (Sphaenognathus queenslandicus) (Moore
and Monteith 2004); and the Mt. Lewis Spiny Crayfish
(Euastacus fleckeri), found above 900 m (Coughran and
Furse 2010). The stag beetle is a Gondwanan relict with
close relatives in South America (Moore and Monteith
2004). It has a very limited range in the Wet Tropics
suggesting a long history of decline and high vulnerability
to rising temperatures and increasing climatic variability.
Cyclones of unprecedented severity could add to the
problems faced by some rainforest species, by killing
them directly or depriving them of food in the aftermath.
Cyclone Larry left intact many west-facing slopes, which
provided food to cassowaries (Casuarius casuarius) and
other animals in the months after the cyclone, when
damaged forests lacked fruit and other resources. Even
so, several young cassowaries died. Under a scenario
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of more intense cyclones there could be fewer patches
of intact forest to sustain wildlife through times of
shortage. The Mission Beach cassowary population is
very vulnerably to the combined impacts of cyclones and
traffic. Cyclones and intense storms also increase the
prospects of exotic aquarium fish washing from outdoor
ponds into streams. The appearance of new exotic cichlid
fish in the Ross River, just south of the Wet Tropics,
has been attributed to spread from outdoor ponds that
overflowed during heavy rain (Low 2008).
Fire poses a threat to the Paluma leaftail (P. gulbaru), an
endangered gecko confined to steep gullies with boulders
at the southern end of the Paluma Range, on the Brigalow
Belt-Wet Tropics boundary (see section 6.12). Fire recently
destroyed part of its habitat (Hoskin et al. 2003).

The endangered Paluma Leaftail (Phyllurus gulbaru) has one of
the smallest distributions of any vertebrate in the Wet Tropics,
rendering it very vulnerable to extreme fires or droughts. It
ocupies two rocky gullies in the Paluma Range, and part of its
habitat was recently destroyed by fire. Photo: Gary Cranitch,
Queensland Museum

Endemic animals in eucalypt and paperbark forests
could also face threats from climate change. The apollo
Jewel butterfly (Hypochrysops apollo apollo), confined
to coastal paperbark swamps, is at risk from severe
cyclones, storm surges and sea level rise. The wet
sclerophyll forests along the western margin of the
rainforests support endemic insects (Yeates and Monteith
2008) that could be vulnerable. Other species that might
face risks from a combination of rising temperatures, less
dry season rainfall, climate-induced vegetation shifts and
severe cyclones, include the mahogany glider, northern
bettong, a blind snake (Rhamphoyphlops robertsi),
a striped skink (Ctenotus terrareginae), two frogs
(Pseudophryne covacevichae, Uperoleia altissima) and a
butterfly (Tisiphone helena).
Jackson and Claridge (1999) modelled the distribution
of the mahogany glider and, finding that it occupied a
unique climatic regime, suggested high vulnerability to
climate change. In the south of its range it is limited by
low rainfall limiting the plants it feeds on. It can best
be assisted by urgently reintroducing hot fires to the
woodlands it occupies, to limit rainforest invasion, which
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is occurring at a very rapid rate (Jackson and Claridge
1999; Steve Jackson pers. comm.), perhaps facilitated by
rising CO2 levels. A higher fire risk under climate change
should increase the potential for hot fires to be lit to limit
rainforest expansion.
The northern bettong is also losing habitat to rainforest
encroachment, but would not benefit from hotter fires if
these reduced habitat heterogeneity.

6.8.5 Management
Replanting upland rainforest will increase the chances
of upland animals surviving climate change. Shoo et
al. (2010) have identified 139 km² of degraded land on
the Evelyn-Atherton Tablelands that could be replanted
with upland rainforest. Montane birds can live at lower
altitudes in more productive environments (Williams
et al. 1999). This suggests that golden and tooth-billed
bowerbirds, which eat fruit, could be helped by replanting
sites with the fruit trees they rely on in winter, their
season of shortage (Williams and Middleton 2008). The
areas available for replanting are not, however, elevated
enough to benefit the frogs at greatest risk; their habitat
remains intact.
Protection of remaining lowland habitats by prevention
of further clearing, fragmentation and degradation, will
increase chances of mahogany glider and other lowland
fauna species surviving. Active fire management, and
aggressive weed and pest management are needed.
Climate change justifies more investment in feral pig
control in upland rainforest. By grubbing in the soil, feral
pigs degrade the habitat of upland microhylid frogs (Keith
McDonald pers. comm.), the amphibians most threatened
by climate change. Better control is needed on the Carbine
and Windsor Tablelands, where pigs are very active (Keith
McDonald pers. comm.). Pigs also spread Phytophthora;
rainforest dieback associated with pig digging has
occurred on Mt Bartle Frere and Mt Bellenden Ker (Worboys
2006). Pig damage in these areas is not currently severe,
but could increase in future (see section 7).
Because Phytophthora cinnamomi dieback may be
exacerbated by climate change, its distribution in the
Wet Tropics and responses to climatic shifts should be
monitored. Worboys (2006) has called for monitoring
of its impacts on rare montane plants, and for hygiene
protocols requiring bushwalkers to disinfect footwear and
other mud-bearing materials, especially if they plan to
deviate from walking tracks. Phytophthora is also spread
by earth-moving machinery and by feral pigs, justifying
good vehicle hygiene and effective pig control.
A Wet Tropics Weed Strategy is needed to determine
the best ways of preventing weeds from exploiting new
opportunities created by climate change, and to stop the
many unusual exotic plants in cultivation from joining the
weed pool. Publicity campaigns linking weeds to climate
change are needed. Biosecurity Queensland should play
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a key role. Local zoning laws should change to limit the
range and choice of plants that can legally be grown on
national park edges. Nurseries and large plant collections
on rainforest edges pose unacceptable risks and, if
relocation is not feasible, should have site management
plans in place to monitor and minimise escapes. In the
west of the bioregion gamba grass should be eliminated
from the one site before it spreads more widely.

6.9

In regions such as the Wet Tropics where severe cyclones
occur, deer farms, zoos, quarantine facilities and fish
and prawn breeding facilities should be designed to
withstand cyclones and floods (Low 2008).
Hot fires are needed to protect mahogany glider habitat
from rainforest encroachment.

Central Queensland Coast

Byfield National Park is a major refuge that shares species (and a sandsheet topography) with the wallum country of Southeast
Queensland, although it also has elevated land to contribute landscape diversity. The outstanding relict species here is the Byfield
cycad (Bowenia serrulata), a primitive plant with only one close relative (B. spectabilis) found in rainforest in the Wet Tropics and
McIlwraith Range. Many species could be lost from here under a hotter drier climate. Photo: DERM

he Central Queensland Coast is a region of
relatively high rainfall where many species with
small distributions may face threats from climate
change, especially those confined to upland habitats. The
region is one of high overlap between plants with mainly
tropical and temperate distributions, suggesting a high
potential for temperature-mediated shifts in competition.

T

6.9.1 Climate change
Temperatures are projected to increase by 3 °C by
2070, and an increase of up to 4.2 °C is possible. These
figures, and those for rainfall, are based on projections
developed for regions that overlap with the Central
Queensland Coast but do not have the same boundaries
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(see section 2), so are only indicative. In Mackay, the
number of days above 35 °C is expected to increase from
the current 1 per year to 12 by 2070.
Future rainfall is more difficult to predict. The best estimate
projection is for a 10% decrease, but the model estimates
range from a decrease of 35% to an increase of 17%.
Fire risk is likely to increase from higher temperatures and
more intense droughts.
Cyclones of unprecedented intensity could strike the
Central Queensland Coast.

6.9.2 Biogeography
The Central Queensland Coast, like the Wet Tropics and
South-east Queensland, has mountains that have served
as refugia for rainforest and wet eucalypt forest species but
because they are smaller and lower, these mountains have
conserved far fewer species (Stuart-Fox et al. 2001). Animals
such as the tiger quoll (Dasyurus maculatus), doubleeyed fig-parrot (Cyclopsitta diophthalma), satin bowerbird
(Ptilonorhynchus violaceus), yellow-throated scrubwren
(Sericornis citreogularis), pale-yellow robin (Tregellasia
capito) and rough-scaled snake (Tropidechis carinatus) are
found in the Wet Tropics and South-east Queensland but not
in between, even though the Central Queensland Coast has
apparently suitable habitat. Rainforest lineages that have
evolved into northern and southern species often lack a
representative in the Central Queensland Coast rainforests,
for example riflebirds (Ptiloris species), catbirds (Ailuroedus
species), logrunners (Orthonyx species) and red bopple nuts
(Hicksbeachia species).
The distribution patterns tell of old and recent wet forest
connections and disconnections. Finds of tree kangaroo
and cuscus bones at Mt Etna, adjacent to the Central
Queensland Coast, dating back no more than 280 000
years (Hocknull et al. 2007), imply that rainfall was higher
and more regular in the recent past in a region that is now
seasonally dry. This scenario of recent change in climate is
supported by a genetic study of flooded gum (Eucalyptus
grandis), which has disjunct populations in the Wet Tropics,
Central Queensland Coast and South-east Queensland
that are not genetically distinct (Jones et al. 2006; Le et al.
2009). However, a study of another eucalypt, red mahogany
(E. resinifera), found deep differences between northern
and southern Queensland populations, indicating an
older separation (Le et al. 2009). A DNA study of the large
scrub-wren (Sericornis magnirostris) and eastern whipbird
(Psophodes olivaceus) found that Central Queensland Coast
populations separated from the Wet Tropics populations
much earlier than they did from the South-east Queensland
populations, which Joseph et al. (1993) attributed to
scattered rainforest patches forming an intermittent
southern corridor. Some Wet Tropics species have southern
outliers on the Central Queensland Coast (for example
Quintinia quatrefagesii), and many temperate species

122

Climate Change and Queensland Biodiversity

extend north as far as the Central Queensland Coast (for
example various wallum species) or have northern outliers
in the Central Queensland Coast (for example tusked frog
Adelotus brevis, great barred-frog Mixophyes fasciolatus).
The Central Queensland Coast is divided into two sections
and the southern Shoalwater Bay-Byfield section has much
stronger biogeographic links with South-east Queensland
than does the northern section.
In addition, there are various species endemic or nearly
endemic to the Central Queensland Coast, including nine
lizards, two frogs, the Proserpine rock wallaby (Petrogale
persephone), Eungella honeyeater (Lichenostomus
hindwoodi), and various invertebrates and plants. Of
special interest is the Byfield cycad (Bowenia serrulata), a
very primitive open forest plant whose only close relative
is confined to north Queensland rainforests. The endemic
species, for example the vulnerable tree Omphalea
celata, are typically confined to rainforest and have very
small ranges.
Large numbers of plant species within the Central
Queensland Coast appear vulnerable to climate change,
for two reasons. Many are represented in the region by very
small populations, reflecting limited areas of rainforest,
wet sclerophyll forest and heathland. Second, the region is
one of high overlap between species with mainly tropical
and temperate distributions, suggesting a high potential
for temperature-mediated shifts in competition. Fire risk is
also likely to increase. Some animals also face high risks,
but the number of species with small populations is fewer,
and the potential for competitive exclusion is much less,
although rising temperatures are far more likely to pose a
direct threat to animals than plants.
There are three upland regions, the Clarke Range, Ossa
region and Mt Dryander/Conway Range, all in the northern
part of the Central Queensland Coast. Each supports
unique species of leaftail geckoes (Phyllurus species) and
plants, but the Clarke Range is the only region with wet
sclerophyll forest, and it has the largest area of rainforest
as well and the largest suite of endemic animals.
A concentration of endemic rainforest plants occurs
towards the coast, on the Whitsunday Islands and
adjacent coast, with species such as Gossia pubiflora and
Brachychiton compactus growing in small patches of dry
rainforest. Orographic rain from the east probably ensured
their survival during the peak of aridity in the last glacial
maximum, hence their coastal location.
In the south of the Central Queensland Coast, the Byfield
National Park-Shoalwater Bay area is very significant
for different reasons. It represents an unusually large
intact area in which many species reach their northern
limits. This area is topographically diverse, but lacks high
altitudes, so it could lose significant numbers of plant
species to competition or extreme droughts. It includes
small wallum wetlands containing fish and invertebrates
that could also be lost.
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Plant distributions that illustrate biogeographic patterns on the Central Queensland Coast.

Bowenia distribution. The map shows the distribution of two
species, B. spectabilis in the tropics, and B. serrulata on the
Central Queensland Coast.

Quintinia quatrefagesii, an example of a plant found mainly
in the Wet Tropics with an outlying population on the Central
Queensland Coast.

6.9.3 Vegetation
The trees that dominate regional ecosystems in the
Central Queensland Coast (Young 1999a) are tentatively
assessed here for their climatic vulnerabilities (Table 18).
Those listed as highly vulnerable are either paperbarks
that grow on lowlands at long term risk from rising sealevels, or eucalypts confined to high elevations on the
Eungella plateau. The eucalypts are limited to small areas
where regeneration is already compromised by changing
fire regimes and lantana invasion (Bill McDonald pers.
comm.). They are represented by regional ecosystems
8.12.4, 8.12.8, 8.12.9, 8.12.31 and 8.3.14. If climate
change results in an increased fire risk it could benefit
these trees, which rely on fires for regeneration, but
climate change could instead facilitate their replacement
by more drought-hardy woodland eucalypts.

Eucalyptus grandis distribution. An example of a plant with a
disjunct east coast distribution, represented in the Wet Tropics,
Central Queensland Coast and Southeast Queensland.

There are narrow-range shrubs found in the same
upland open habitats that should also be considered
vulnerable to direct climate change or to climatemediated competition. Astroloma sp. (Baal Gammon
B.P.Hyland 10341) is found at three sites in the Central
Queensland Coast and at three locations in the Wet
Tropics. Another rare shrub, Bertya sharpeana, is found
outside the Central Queensland Coast only on Mt Coolum
in South-east Queensland, indicating a considerable
historical decline. The Eungella hairy daisy (Ozothamnus
eriocephalus) is another shrub with a very limited range.
Climate Change and Queensland Biodiversity
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The rainforest flora includes wide-ranging species with
disjunct populations in the Central Queensland Coast, as
well as species of high conservation significance because
they have very limited ranges. Regional ecosystem
8.12.17 microphyll mossy rainforest is extremely
vulnerable because it is confined to the highest mountain
peaks subject to extensive cloud cover. But the trees
that dominate this forest type – Ristantia waterhousei
and Niemeyera prunifera – occur more widely than the

habitat itself. N. prunifera is widely distributed along the
Queensland coast, and while R. waterhousei is confined
to Mount Dryandra, it occurs from its summit to the base,
mainly along creeklines, where it may have considerable
capacity to tolerate climate change. But other species
confined to high altitudes, for example Quintinia
quatrefagesii, could be very vulnerable to longer droughts
or to increasing competition from other rainforest plants.

Table 18. Dominant trees in the Central Queensland Coast and their potential vulnerability to climate change
Low Vulnerability
Spotted gum (Corymbia
citriodora)
Pink bloodwood
(C. intermedia)
Clarkson’s bloodwood
(C. clarksoniana)
Moreton Bay ash
(C. tessellaris)
Brown bloodwood
(C. trachyphloia)
Narrow-leaved ironbark
(Eucalyptus crebra)
Broad-leaved ironabark
(E. drepanophylla)
Queensland peppermint
(E. exserta)
Silver-leaved ironbark
(E. melanophloia)

Gum-topped box
(E. moluccana)
Poplar gum (E. platyphylla)
Queensland blue gum
(E. tereticornis)
Weeping tea-tree (Melaleuca
fluviatilis)
Tea-tree (M. nervosa)
Broad-leaved paperbark (M.
viridiflora)
River oak (Casuarina
cunninghamiana)
Brush box (Lophostemon
confertus)

Medium Vulnerability

High Vulnerability

Wattle (Acacia spirorbis)
Wattle (A. julifera subsp.
curvinervia)
Bull-oak (Allocasuarina
luehmannii)
Swamp mahogany
(Lophostemon suaveolens)
Turpentine (Syncarpia
glomulifera)
White mahogany (Eucalyptus
acmenoides)
White mahogany
(E. latisinensis)

Beach wattle (Acacia
crassicarpa)
Flooded gum (Eucalyptus
grandis)
Queensland ash
(E. montivaga)
Red mahogany (E. resinifera)
Swamp mahogany (E. robusta)
Bloodwood (Corymbia
xanthope)
Weeping paperbark (Melaleuca
leucadendra)
Common paperbark
(M. quinquenervia)
Blue tea-tree (M. dealbata)

conditions that its current distribution suggests. As noted
in section 4.2, rainforest plants are often more tolerant
of aridity than is commonly assumed. Climate-mediated
changes in competition could pose a larger threat than
direct climate change.

The vulnerable Graptophyllum ilicifolium is one of many scarce
relict rainforest shrubs that could decline from climate change.
It is confined to mountains northwest of Mackay apart from one
small stand discovered above a waterfall near Miriam Vale in
Southeast Queensland. Photo: Tim Low

The endemic rainforest plants found near the coast, on
the Whitsunday Islands and adjacent coast, for example
Gossia pubiflora and Brachychiton compactus, probably
evolved prior to the glacial cycles when the climate was
wetter. They have survived glacial periods that were
much drier – but colder – than today. They may face
water stress in future if severe droughts and heatwaves
coincide. Genus Brachychiton extends into arid areas
and B. compactus may prove more tolerant of hot dry
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An increase in fire could also threaten these plants,
which occur in small patches adjoining tropical
woodlands. Reviewing fire and climate change, Bradstock
(2010) and Williams et al. (2009) both emphasised
the potential of introduced grasses to increase fire
risk in tropical savanna environments. The woodlands
in the Mackay area have been invaded by guinea
grass (Megathyrus maximus), grader grass (Themeda
quadrivalvis) and thatch grass (Hyparrhenia rufa),
which have spread following fires lit by cane farmers.
Buffel grass (Pennisetum ciliare) also has the potential
to dominate some woodlands if the climate becomes
drier and fires increase. If these grasses invade forests
adjoining rainforest patches and other areas of fire
sensitive vegetation, they have a high potential to cause
their destruction. An increased fire risk could pose a
threat to other rainforest remnants as well, although
human management is likely to play a larger role in future
fire regimes than climate. Rainforest expansion into wet
sclerophyll forest on the Clarke Range suggests that
Aboriginal burning rather than the current climate has
determined the current eucalypt-rainforest boundary,

6. Bioregional reviews
which means that a higher fire risk may not translate into
a contraction of rainforest unless there are also exotic
grasses to furnish fuel.

Cyclones of unprecedented severity could add to the
threats faced by rare rainforest species, by direct
damage, by facilitating competition, and by creating more
fuel leading to increased fires.

Any lifting of the cloud base in Eungella National Park could be detrimental for montane species, because upland habitat in the Clarke
Range is very limited compared to the Wet Tropics and rainfall is lower. Photo: DERM

Dieback from Phytophthora cinnamomi has been
identified as a threat to montane rainforest on the Central
Queensland Coast, and climate change could increase its
activity. At Dalrymple Heights about 20% of the rainforest
in one part of Eungella National Park died by 1980 (Brown
1999). With optimal temperature range for disease
activity variously given as 15–30 °C and 24–28 °C, there
is considerable potential for higher temperatures to
benefit P. cinnamomi as soil temperatures under healthy
rainforest in the Clarke Range currently reach 20–21 °C
in summer and fall to 12–13 °C in winter (Gadek 1999).
Higher temperatures can be expected to increase its
period of activity, and droughts and high rainfall events
are both likely to increase susceptibility to Phytophthora
dieback (see section 3.8).
Beach scrubs, properly known as low microphyll
rainforest on Quaternary coastal dunes and beaches
(Regional ecosystem 8.2.2), are among the low-lying
habitats vulnerable to rising sea levels and storm surges.
Other communities at risk include wetlands communities
such as 8.3.4, 8.3.11, 8.3.12 and 8.3.13.
In non-rainforest habitats, some plants can be expected
to decline and perhaps disappear due to increased
severity of droughts, climate-change mediated
competition, and changed fire regimes. Several wallum
species that reach their northern limits in Shoalwater
Bay could face a high risk, including Epacris microphylla,

Hibbertia salicifolia, Sprengelia sprengelioides, and
Zieria laxiflora. Other plants that reach their northern
limits in this area could face a similar risk.

6.9.4 Fauna
The Central Queensland Coast rainforests support endemic
frogs, lizards and invertebrates, some of which appear
to face high risks from climate change (see Table 19
for endemic frogs and reptiles). The skink Eulamprus
luteilateralis, which is confined to rainforests above 900
m, is the vertebrate facing the greatest risk, judging by its
altitudinal limit, although the large rotting logs it shelters
in (Wilson 2005) should provide some temperature
buffering during heatwaves. Other at-risk high altitude
species include the semislug Eungarion mcdonaldi (found
above 900 m), the Eungella crayfish (Euastacus eungella)
(found above 740 m) (Coughran and Furse 2010), the
skink Saproscincus eungellensis (above 700 m), and
the Eungella leaftail gecko (Phyllurus nepthys). Of the
species listed in Table 19, the skink Lygisaurus zuma
appears to faces the lowest risk because it is not confined
to rainforest, occurring in lowland open forests as well.
The skink S. hannahae has a critical thermal maximum
(lethal temperature) of 35.5 °C (Stuart-fox et al. 2001) and
a preference for shady creek edges (Wilson 2005), and it
should survive climate change by remaining inside cool
crevices when summer temperatures are high; as noted
Climate Change and Queensland Biodiversity
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above, soil temperatures at Eungella currently reach
20–21 °C. Of the leaftail geckoes, P. championae and
P. isis are inherently at risk because they have extremely
small ranges and very small populations, although they are
not confined to high altitudes.

Sadlier et al. (2005) have warned that Phytophthora
could exacerbate the threat that climate change poses to
animals confined to high altitudes in the Clarke Range,
by exposing them to higher temperatures and increased
desiccation when it kills trees.
The region contains other vertebrates that could decline
from climate change, because they reach their northern
limits on the Central Queensland Coast and have high
water requirements, for example the vulnerable tusked frog
(Adelotus brevis), rare whirring treefrog (Litoria revelata),
the great barred-frog (Mixophyes fasciolatus) and the
swamp rat (Rattus lutreolus). Two wallum fish, the ornate
sunfish (Rhadinocentrus ornatus) and the vulnerable honey
blue-eye (Pseudomugil mellis), are each represented by
a small outlying population in a separate wetland around
Shoalwater Bay, far distant the main populations found from
Fraser Island southwards, suggesting fortuitous survival in
response to past climate change and a high vulnerability
to future change. All of these species can be expected to
survive in South-east Queensland.

The vertebrate on the Central Queensland Coast facing the
greatest risk from climate change, judging by its altitudinal
range, may be the skink Eulamprus luteilateralis. Some
invertebrates may face higher risks.

Table 19. Rainforest frogs and reptiles endemic to the Central
Queensland Coast

A
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Species

Relevant Ecological Data

Northern gastric brooding frog
(Rheobatrachus vitellinus)

apparently extinct; was
above 400 m

Eungella dayfrog (Taudactylus
eungellensis)

above 200 m

Eungella tinkerfrog (T. liemi)

montane

Lygisaurus zuma

riparian rainforests and
open forestsA

Eulamprus amplus

found down to low
altitudes where boulders
occurB

E. luteilateralis

confined to altitudes
above 900 mC

Leaftail gecko (Phyllurus
championae)

Cameron Creek and Blue
Mountain

Leaftail gecko (P. isis)

Mt Blackwood and Mt
Jukes

Eungella leaftail gecko (P.
nepthys)

confined to Clarke Range;
absent from low altitudes

Leaftail gecko (P. ossa)

confined to Mt Ossa, Mt
Charleton, Conway Range,
Mt Dryander

Saproscincus hannahae

widespread (Proserpine to
Sarina)

S. eungellensis

above 700 mC

Wilson (2005); B Stuart-Fox et al. (2001); C Sadlier et al. (2005)

Climate Change and Queensland Biodiversity

The Clarke Ranges and Proserpine Ranges are strongholds
for the Northern Quoll (Dasyurus hallucatus), a mammal
that could decline if large fires increase under climate
change. Quolls are sometimes poisoned by preying on
cane toads (Rhinella marina), and higher temperatures are
likely to increase toad numbers in these ranges.
The only mammal endemic to the bioregion, the
endangered Proserpine rock wallaby (Petrogale
perserphone), ranges over different altitudes and feeds
on roadside weeds as well as rainforest plants, indicating
some adaptability. It will be disadvantaged by CO2
fertilisation reducing nutritional quality of food plants, by
fires reducing coastal rainforest, by extreme cyclones, and
possibly by rising temperatures causing heat stress.
The only bird endemic to the bioregion, the near
threatened Eungella honeyeater (Lichenostomus
hindwoodi), uses eucalypt forest as well as rainforests in
the Clarke Range. The level of threat it faces from climate
change is difficult to assess and could be low or high.

6.9.5 Management
Replanting upland rainforest will increase the chances of
montane animals surviving climate change.
Flammable pasture grasses should be controlled in and
near conservation areas as a high priority. Conservation
managers should be vigilant to ensure that gamba grass
(Androgopon gayanus) does not invade the region.
Because Phytophthora cinnamomi dieback may be
exacerbated by climate change, its status on the Central
Queensland Coast should be monitored. It is spread
by earth-moving machinery and by feral pigs, justifying
good vehicle hygiene and effective pig control. Good pig
control should also benefit rainforest lizards, frogs and
invertebrates.

6.10

Einasleigh Uplands

Woodland of Herberton Ironbark (Eucalyptus atrata) and pumpkin gum (E. pachycalyx) on a granite hill in the east of the Einasleigh
Uplands. The ironbark has a very small distribution that may reflect competition and past climate rather than current climatic limits,
and the gum has a climatically incoherent distribution (see section 5.1.1). How either species will respond to climate change is thus
very difficult to predict. Photo: Queensland Herbarium

he Einasleigh Uplands bioregion has high species
diversity associated with diverse topography, high
elevations and extensive vegetation cover. Under
climate change many changes can be expected, but
biodiversity losses should be less than in lower, flatter
or more fragmented bioregions, or those with many
climatically-sensitive upland species. Fire management
offers the main opportunity for conservation intervention.

T

6.10.1 Climate change
Temperatures are projected to increase by 2.8-3 °C
by 2070, with an increase of up to 4.2 °C considered
possible. These figures, and those for rainfall, are based
on projections developed for regions that overlap with the
Einasleigh Uplands but do not have the same boundaries
(see section 2), so are only indicative. In Charters Towers,
the number of days above 35°C is expected to increase
from the current 50 days per year to 136 by 2070.
Future rainfall is more difficult to predict. The ‘best
estimate’ is for a 7% decrease, but model predictions
vary from a much larger decrease to a large increase.
Cyclones are more likely to bring rain into the Einasleigh
Uplands in future.

Future fire risk is difficult to assess. It can be expected to
increase in sclerophyll forests in the wetter parts of the
bioregion (from higher temperatures) but may decrease in
drier woodland areas if reduced water availability reduces
fuel connectivity by reducing growth of grass.

6.10.2 Biogeography
The Einasleigh Uplands is the largest elevated area in
Queensland, the ‘roof’ of north Queensland (Department
of Environment and Resource Management 2009a).
Like the Wet Tropics further east, the region is well
endowed with endemic species, although these are
far fewer in number and found mainly in open forests
rather than rainforest. The bioregion lacks substantial
upland rainforest species considered relicts of a cooler
wetter past, but the Hann Tableland, an isolated granite
tableland in the east of the bioregion, is a minor centre
of endemism, with a small number of invertebrates
(for example the snail Monteithosites helicostracum),
that may be vulnerable to climate change. An outlying
population of the kauri (Agathis robusta) growing here
may also be vulnerable.
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A number of species in the bioregion are represented
by disjunct populations, separated from the species’
main range. Three lizards – Hosmer’s skink (Egernia
hosmeri), the gecko Gehyra nana and Storr’s monitor
(Varanus storri) – are absent from the Gulf Plains but
occur further west in the North-west Highlands and
Northern Territory. The yakka skink (E. rugosa), paleheaded snake (Hoplocephalus bitorquatus) and hairy
oak (Allocasuarina inophloia) are absent from the Desert
Uplands but reappear further south in the Brigalow Belt.
The undescribed guinea flower Hibbertia sp. (Girraween
NP D.Halford+ Q1611) is known from one location in the
Einasleigh Uplands, and also from Carnarvon Range and
the Granite Belt of southern Queensland; it must have
had a very large distribution in the past, and although
a massive contraction has occurred, it has survived for
longer in the Einasleigh Uplands than in most regions
further south. These disjunct patterns indicate that the
Einasleigh Uplands has conserved species lost from
lower elevations immediately to the south and west.

Under climate change many changes can be expected,
but biodiversity losses should be lower than in bioregions
that are lower and flatter with more fragmented
vegetation cover, or which support upland rainforest
species with limited temperature tolerances.

6.10.3 Vegetation
The trees that dominate regional ecosystems in the
Einasleigh Uplands (Morgan 1999b) have been assessed
for their climatic vulnerabilities (see Table 20). These
designations are tentative because vulnerability in this
bioregion is difficult to assess. Most of the dominant
trees in the Einasleigh Uplands do not occur far west
of this region, but this could be because the landforms
change and not because the trees cannot tolerate lower
rainfall. If the endemic species survived past ice ages in
situ, as their distributions suggest, their tolerances could
be wide. Gilbert River box (E. microneura), for example,
sometimes grows as a mallee (Brooker and Kleinig 1999),
a growth form that would assist it to survive should
rainfall decline. The high diversity of related eucalypts
in the region could result in high levels of hybridisation
or competitive interactions that cannot be predicted.
This would help ensure the survival of viable woodlands,
although they will differ from those growing today.
E. whitei and E. xanthoclada are two ironbarks with small
distributions that readily hybridise with related species.
In the southern Einasleigh Uplands, where the elevation
is low, massive dieback of ironbarks was recorded
during drought in the 1990s. At sites east of Charters
Towers, 20–40% of ironbarks (E. crebra, E. xanthoclada)
died (Rice et al. 2004). Only 4.1–4.3% of associated
bloodwoods (Corymbia erythrophloia) died. This event,
described in section 4.1, has been tentatively attributed
to climate change (Allen et al. 2010), although it is
likely that ironbarks would also be killed by natural
droughts of unusual severity, because these trees have
a competitive high-risk growth strategy (see section 4.1).
Young ironbarks died at lower rates than large trees, but
only limited seedling recruitment has occurred since this
event (Rod Fensham pers. comm.), potentially leading to
bloodwood domination .

The distribution of Hibbertia sp. (Girraween NP D.Halford+ Q1611)
shows that the Einasleigh Uplands provide habitat for plants that
have not survived in the Desert Uplands just to the south
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Predicted declines in winter-spring rainfall may affect
E. drepanophylla, E. xanthoclada and E. brownii because
their distribution limits in the north appear to reflect
the low winter rainfall isohyet. The species listed as
highly vulnerable in Table 20 may contract to the most
favourable sites rather than disappear from the region.
The topographic diversity of the bioregion ensures a wide
range of climatic envelopes.

6. Bioregional reviews
Table 20. Dominant trees and shrubs in the Einasleigh Uplands and their potential vulnerability to climate change
Low Vulnerability

Medium Vulnerability

Gidgee (Acacia cambagei)
Lancewood (A. shirleyi)
Long-fruited bloodwood
(Corymbia polycarpa)
Cooktown ironwood
(Erythrophleum chlorostachys)
River red gum (Eucalyptus
camaldulensis)
Silver-leaved ironbark
(E. melanophloia)
Darwin stringybark
(E. tetrodonta)

Northern cypress (Callitris
intratropica)
Lemon-scented gum (Corymbia
citriodora)
Clarkson’s bloodwood
(C. clarksoniana)
Dallachy’s ghost gum
(C. dallachiana)
Red bloodwood
(C. erythrophloia)
Rustyjacket (C. leichhardtii)
Cabbage gum (Eucalyptus
platyphylla)
Silver-leaved ironbark
(E. shirleyi)
Queensland yellowjacket
(E. similis)

Significant dry rainforest remnants are found in the
Einasleigh Uplands, notably the Forty Mile Scrub, Toomba
basalts, Kinrara Crater and the karst scrubs at Chillagoe. As
many rainforest species reach their western limits within
the bioregion, some eastward contractions in range can be
expected. But many dry rainforest trees are well adapted
to drought (see section 4.2), so this habitat type should
survive within the region, albeit with reduced diversity.
Increasing fire danger may pose a more immediate threat
than direct climate change. In the Forty Mile Scrub, pigs
damaging rainforest have facilitated invasion by lantana
(Lantana camara), which has fuelled a fire that killed
many large rainforest trees (Fensham et al. 1994). Hotter
and more damaging fires can be expected under climate
change wherever fuel levels are high.
The Einasleigh Uplands supports many endemic and
near-endemic plants, many of which could prove
vulnerable to increased severity of droughts, to climatechange mediated competition, and to changed fire
regimes. Some losses can be expected, but the region
should continue to serve as an important refuge for
endemic plants and for species that decline elsewhere.
The Stannary Hills are especially important as a centre
of endemism. Management of fire provides the main
opportunity for conservation intervention.
The threat posed by gamba grass (Andropogon gayanus)
was highlighted by Bradstock (2010) and Williams et al.
(2009), reviewing climate change and fire in Australia,
and by Low (2008), reviewing invasive species and
climate change. It is a very tall pasture grass that
provides up to 12 times the fuel load of native grasses
and causes fires intense enough to kill trees (Rossiter
et al. 2003) (see section 3.5). Highly invasive, with
wind-borne seed, gamba grass was recently declared a
class 2 weed in Queensland. The Einasleigh Uplands is
one of two bioregions where it is well established. It is
spreading around Mareeba, has recently invaded Hann
National Park, and also occurs near the Undara Lava

High Vulnerability
Queensland blue gum
(E. tereticornis)
Moreton Bay ash
(C. tessellaris)
Reid River box (Eucalyptus
brownii)
Narrow-leaved ironbark
(E. crebra)
Cullen’s ironbark (E. cullenii)
Granite ironbark (E. granitica)
Mt Molloy red box
(E. leptophleba)
Gilbert River box
(E. microneura)
Box (E. persistens)

Pink bloodwood (Corymbia
intermedia)
White mahogany (Eucalyptus
portuensis)
Gympie messmate
(E. cloeziana)
Ironbark (E. drepanophylla)
Coolibah (E. microtheca)
Grey box (E. moluccana)
Mountain coolibah
(E. orgadophila)
White’s ironbark (E. whitei)
Yellow-branched ironbark
(E. xanthoclada)

Tubes. The spread of this weed should be prevented as a
very high priority.

6.10.4 Fauna
The Hann Tableland is a minor centre of endemism, with
unique invertebrates such as the snail Monteithosites
helicostracum that may be highly vulnerable to higher
temperatures, lower rainfall and increased fire. But the
distribution and ecological limits of these species are so
poorly known that predictions are difficult to make.
The Einasleigh Uplands is important as the southernmost
region where the endangered buff-breasted button-quail
(Turnix olivii) occurs. Little is known about the ecological
requirements of this species, which ranges north into
Cape York Peninsula, but it is thought to be favoured by
early wet season fires (Garnett and Crowley 2000) which
create short regenerating grasslands. Climate change
could add to the threats this species faces by altering fire
regimes and food availability. The Einasleigh Uplands
could be especially important for its survival, because
the varied substrates and topography are more likely
to produce locations with suitable grassland structure
than Cape York Peninsula, which generally has less
topographic complexity.
The Einasleigh Uplands has seven endemic and three
near-endemic reptile species, most of which are listed
as vulnerable or near threatened under the Nature
Conservation Act (see Table 21). One is a blind snake
(Ramphotyphlops broomi) and the others are small skinks.
Seven of the ten live beneath surface litter (five Lerista
species, Glaphyromorphus cracens, R. broomi), which
provides a buffer against future temperature changes. They
may survive by retreating deeper into the ground during
hot dry periods, becoming more active during spring and
autumn. Wilson (2005; Amey and Couper 2009) suggested
of G. cracens that its eastern limit is determined by the
moister climate of the Wet Tropics. Three of the endemics
or near-endemics – Lygisaurus rococo, Ctenotus zebrilla,
Climate Change and Queensland Biodiversity
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Lerista ameles – are associated with rocks, which should
protect them from heat and desiccation. But if fires
increase, all these species could be vulnerable to more
severe fires burning the ground litter, which provides
both shelter and insect prey. Four of the skinks – Lerista
cinerea, L. storri, L.rochfordensis, L. vittata – are known
mainly or only from dry rainforest, and would suffer from
hot fires damaging this habitat, although the strength of
their association with rainforest is difficult to assess, given
uncertainty about the historical continuity of dry rainforest
in the region (Fensham 1995; Wilson 2005; Wilson and
Swan 2008) and the small number of specimens collected.
Lerista is a very large genus represented mainly in dry
environments (Amey and Couper 2009) and unrepresented
in wet rainforests, so Lerista species are unlikely to be as
vulnerable to climate change as many rainforest reptiles.
Lerista ameles, L. cinerea, L.rochfordensis, L. storri and
L. vittata have extremely small distributions, suggesting
range contractions in response either to past climate
change or to competition from other Lerista species.
Sensitive fire management – to conserve rainforest and
to conserve litter and humus during summer – will be the
key to maximising survival of all these species. The spread
of flammable exotic pasture grasses such as gamba grass
should be prevented.

but frosts occur at some locations in the bioregion,
suggesting that suitable climatic conditions may remain
at the highest altitudes. Climate change justifies the
prioritisation of elevated areas for conservation, many
of which are also rich in endemic plants. Greater gliders
and foliage-feeding insects may face a threat from
carbon dioxide fertilisation reducing the nutrient levels in
eucalypt foliage.
The collapsed openings of lava tubes in the Undara area
provide cool damp refuges for specialised and extremely
restricted fauna, including endemic troglobites (obligate
cave-dwelling invertebrates), which depend on particular
temperature and moisture regimes. These conditions
could be compromised by climate change. However, the
troglobite fauna must have some capacity to adapt, as
Pleistocene climate changes would also have altered
moisture and temperature levels within the tubes. They
may adapt by altering their distribution within the tubes
to maintain suitable climatic envelopes.
The eastern margin of the Einasleigh Uplands consists of
a band of eucalypt forest that separates the Wet Tropics
rainforests from dry tropical woodlands. Expansion of
rainforest into these tall eucalypt forests, which mainly
occur within the Wet Tropics, has been attributed to
declines in burning (Harrington and Sanderson 1994),
although an alternative view is that rainforest invasion
is a natural process that long term droughts will reverse.
Rainforest expansion is a threat to fauna associated with
these wet eucalypt forests. Climate change should reduce
the rate of rainforest expansion by promoting hotter fires,
but future fire regimes will depend more on management
decisions than on climatic influences.

Many experts expect that most reptiles, even those with small
distributions such as Ctenotus zebrilla, will survive higher
temperatures by altering activity periods (see section 3.1).
Photo: Jeff Wright, Queensland Museum

Table 21. Reptiles endemic and nearly endemic to the Einasleigh
Uplands
Lygisaurus rococo
Ctenotus zebrilla
Glaphyromorphus cracens
Lerista ameles
L. cinerea

L. rochfordensis
L. storri
L. vittata
Lygisaurus abscondita
Ramphotyphlops broomi

The Einasleigh Uplands contains the northernmost
populations of some wide-ranging animals, including the
rufous bettong (Aepyprymnus rufescens), greater glider
(Schoinobates volans), black-striped wallaby (Macropus
dorsalis) and pale-headed snake (Hoplocephalus
bitorquatus). These populations may face a high risk,
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Rising summer temperatures and larger fires may threaten the
northernmost populations of the rufous bettong (Aepyprymnus
rufescens). Photo: Terry Reis

6. Bioregional reviews

6.10.5 Management
In conservation planning, there has been a strong focus
on elevated areas within the Einasleigh Uplands for
the high diversity of significant species they support
(Department of Environment and Resource Management
2009a). Climate change further justifies this focus.
Upland areas could become especially important for a
wide range of species. The elevated Hann Tableland and
Stannary Hills are important for their endemic species.

6.11

Any increase in fire severity could pose a threat to dry
rainforest, rare endemic plants and rare endemic lizards.
Fire management offers the main opportunity to mitigate
against climate change.
Gamba grass (Andropogon gayanus), lantana (Lantana
camara) and other flammable weeds should be controlled
to minimise the fire risk they pose. As a very high priority,
gamba grass should be prevented from spreading from
its core infestation in the Mareeba area.

Desert Uplands

The White Mountains provide a refuge for plant species that are otherwise found much further east, north, south, or west. Photo: DERM

he Desert Uplands are a bioregion with one major
climate refuge, the White Mountains, for which
very high levels of protection are warranted. The
bioregion lacks large numbers of species with obvious
vulnerability to climate change, although many declines
can be expected under a hotter drier climate.

T

6.11.1 Climate change
Temperatures are projected to increase by 3 °C by 2070,
with an increase of 4.5 °C considered possible. These
figures, and those for rainfall, are based on projections
developed for regions that overlap with the Desert
Uplands but do not have the same boundaries (see

section 2), so are only indicative. In Barcaldine, on the
western edge of the bioregion, the number of days above
35 °C is expected to increase from the current 87 per year
to 163 by 2070.
Future rainfall is more difficult to predict. The best
estimate is for a decrease of 3–7%, with a much larger
decrease or a large increase projected by some models.
Fire risk seems more likely to decrease than increase. It
will decrease if reduced water availability reduces fuel
connectivity by reducing growth of grass. It will increase
from higher temperatures if the rainfall also increases
or if rising CO2 levels compensate plants for declining
rainfall by increasing water use efficiency.
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January maximum temperatures increase on an east-west
axis, and rainfall decreases on the same axis. Species
that are vulnerable to extreme temperatures or declining
rainfall are thus likely to decline in the west of their
range, subject to the moderating influences of elevation
and aspect.

6.11.2 Biogeography
The Desert Uplands bioregion is dominated by a large
sandsheet, the subdued topography of which offered less
protection from increasing aridity during the Tertiary than
the Einasleigh Uplands to the north and the Brigalow
Belt to the south and east, judging by the many broken
plant distributions. Many plants found to the north and
south of the Desert Uplands occur within the bioregion, if
at all, only on the northern and southern boundaries, for
example spotted gum (Corymbia citriodora), budgeroo
(Lysicarpus angustifolius), wild may (Leptospermum
polygalifolium), urn heath (Melichrus urceolatus) and
spur-wing wattle (Acacia triptera). The Desert Uplands has
fewer endemic species than these adjoining bioregions,
even when differences in area are taken into account,
indicating the impact of increasing Tertiary aridity on a
region with limited topographic variation. Because of
past losses, there are few rare or endemic species that
could be lost to future climate change.
An exception is provided by the White Mountains, the
one major climatic refuge within the bioregion. This high,
eroded sandstone range in the north has steep bluffs
and gorges and relatively high rainfall. It is a centre of
endemism, with a small burrowing lizard (Lerista wilkinsi)
and several plants confined to its vicinity, for example
Kardomia squarrulosa, Solanum crassitomentosum,
and Hemigenia sp. (White Mountains D.G.Fell DF1379).
These plants may have occurred more widely in the
past, as suggested by the presence in the mountains
of near-endemic plants, which have small populations
found elsewhere in the bioregion (for example Boronia
warangensis, Zieria tenuis).
Many plants from other regions of Queensland have
outlying populations on slopes or in gorges of the White
Mountains (see maps). A tree fern Cyathea rebeccae
from coastal ranges and plains is represented in semiarid Australia by only one population, in a sheltered
gorge in these mountains. The hopbush Dodonaea
polyandra is mainly a Cape York Peninsula species,
with one population at Townsville and another in the
White Mountains. The spinifiex Triodia triaristata is
widespread in central Australia around Alice Springs, with
one outlier south of Cloncurry and another in the White
Mountains. Baker’s mallee (E. bakeri), found mainly
in the Brigalow Belt, has an outlying population in the
White Mountains. In each case, the population that is
furthest from any other resides in the White Mountains.
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An extreme example is provided by Hibbertia riparia,
where the Desert Mountains population is 1000 km from
the nearest populations at Kroombit Tops and the Auburn
Range. Many other examples could be given, mainly of
species whose main distribution lies further south or
east. The fauna in this location is also a mixture, with Kutt
et al. (2005) noting some species with affiliations to the
north-east tropical savannas, others to mesic east coast
environments, and others to elsewhere in the Desert
Uplands and further west.
These patterns suggest that the White Mountains have
conserved species that spread into the Desert Uplands
during wet and dry and hot and cold phases, but which
are not favoured elsewhere in the region under the current
climate. An alternative explanation for some species is a
failure to disperse far from a glacial refuge since the last
ice age ended. Mountains conserve a variety of climatic
envelopes, including hot northern slopes and cool damp
gorges, and these mountains also feature a variety of soil
types. Under any future climate, this location could provide
plant species to colonise surrounding regions. It is largely
protected as a national park.
Low sandstone outcrops extend discontinuously
down the centre of the Desert Uplands, along the Alice
Tableland, but they lack the plant diversity of the White
Mountains. There are sandstone-adapted plants in the
White Mountains (for example Boronia eriantha, B.
occidentalis, Leucopogon mitchellii, Mirbelia aotoides,
Triplarina paludosa) that also grow in the sandstone belt
of the Carnarvon Ranges in the Brigalow Belt, but not on
the Alice Tableland, pointing to past range contractions
from the more subdued landscapes of this tableland.
Lake Buchanan is another centre for endemic plants, with
various wetland herbs that grow nowhere else.

6.11.3 Vegetation
The trees that dominate regional ecosystems in the
Desert Uplands (Morgan 1999a) have been tentatively
assessed for their climatic vulnerabilities based on
distribution (Table 22). If droughts of unprecedented
severity occur, significant changes in tree composition
could result. Two ironbarks (E. crebra, E. xanthoclada)
found in the north of the bioregion are very susceptible
to drought (Fensham and Holman 1999), and they could
be replaced by more drought tolerant species such as
bloodwoods (Corymbia species) (see section 4.1). The
Desert Uplands retains high levels of native vegetation,
which will facilitate species replacement. Land managers
have reduced the incidence of fire in the Desert Uplands,
resulting in woody thickening (Morgan 1999). This has
the potential to increase the incidence of tree deaths
during drought, Fensham and Holman (1999) having
found a correlation between tree density and drought
death (see section 3.2).

6. Bioregional reviews
The White Mountains provide a refuge for plant species that are otherwise found much further east, north, south, or west.

The tree fern Cyathea rebeccae.

The mallee Eucalyptus bakeri

The hop-bush Dodonaea polyandra

The spinifex Triodia triaristata occurs mainly in central Australia
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Table 22. Dominant trees and shrubs in the Desert Uplands and their potential vulnerability to climate change
Low Vulnerability

Medium Vulnerability

Gidgee (Acacia cambagei)
Ironwood (A. excelsa)
Cooba (A. salicina)
Lancewood (A. shirleyi)
Desert bloodwood (Corymbia
terminalis)
River red gum (Eucalyptus
camaldulensis)
Coolibah (E. coolabah)
Beefwood (Grevillea striata)
Bauhinia (Lysiphyllum
carronii)

Black gidgee (Acacia
argyrodendron)
Bendee (A. catenulata)
Brigalow (A. harpophylla)
Bloodwood (Corymbia
brachycarpa)
Dallachy’s gum
(C. dallachiana)
Rustyjacket (C. leichhardtii)
Large-fruited bloodwood
(C. plena)
Rough-leaved bloodwood
(C. setosa)

Eastward contractions in range could occur among
those tree species assessed as having medium or high
vulnerability. Most of the dominant tree species do
not occur far west of this region, but this could reflect
changes in landforms rather than their lack of tolerance
for lower rainfall. If these species survived past ice ages
in situ they could be more tolerant of aridity than their
distributions suggest. This is more likely to hold true for
bloodwoods (for example C. plena, C. setosa) and acacias
than for ironbarks or boxes (see section 4.1). Some
species have northern limits that may reflect low winter
rainfall (for example Acacia catenulata, A. salicina), and
they may contract southwards if it declines as projected.
Bradstock (2010) emphasised the potential of buffel
grass (Pennisetum ciliare) to increase fire risk in the
northern savannas under climate change, by increasing
fuel loads and connectivity. Buffel grass fires can kill
trees and prevent tree recruitment (Butler and Fairfax
2003). Buffel grass has been widely planted and is
invasive in the Desert Uplands. It reduces soil nitrogen,
which could be especially serious for native plants on the
infertile Alice Tableland.
The White Mountains have served as a long-term climatic
refuge and will continue to do so. Some species found in
these mountains may be close to their climatic limits and
may disappear in future. But these mountains provide
such a wide range of climatic envelopes that many
species should survive.
Higher temperatures will increase heat stress on
livestock, and this could result in producers turning more
to goats, including feral goats, as alternative sources of
income. Feral goat numbers are rising in Queensland,
with harvest figures indicating that numbers are high
in the Desert Uplands (Queensland Government 2009).
Any increase in goats could threaten rare and endemic
shrubs in the Desert Uplands, many of which grow on the
elevated lands that goats favour.
The saline lakes in the region indicate saline discharge,
and show the potential for landclearing to create salinity
problems if rainfall increases (Morgan et al. 2002).

134

Climate Change and Queensland Biodiversity

High Vulnerability
Reid River box (Eucalyptus
brownii)
Silver-leafed ironbark
(E. melanophloia)
Mallee box (E. persistens)
Queensland yellowjacket
(E. similis)
Napunyah (E. thozetiana)
White’s ironbark (E. whitei)
Bushhouse paperbark
(Melaleuca tamariscina)
Yellow-wood (Terminalia
oblongata)

Belah (Casuarina cristata)
Red bloodwood (Corymbia
erythrophloia)
Moreton Bay ash
(C. tessellaris)
Dawson gum (Eucalyptus
cambageana)
Narrow-leaved ironbark
(E. crebra)
Poplar box (E. populnea)
Yellow-branched ironbark
(E. xanthoclada)
Weeping paperbark (Melaleuca
leucadendra)

Rainfall projections are sufficiently uncertain that this
outcome should be considered.

The stone gecko (Diplodactylus vittatus) can be found in the
White Mountains, well north of its main distribution (Kutt et al.
2005), which extends into southern Australia. Photo: Tim Low

6.11.4 Fauna
Although significant declines of some animals are
likely, the region lacks large numbers of rare or endemic
species, which means that most declining species are
likely to remain widespread further east or south. The
high vegetation continuity within the Desert Uplands will
facilitate local movement of species.
Lerista chordae, one of three lizards endemic to the
Desert Uplands, lives among long unburnt spinifix
(Triodia) in one of its two known locations. One of two
potential threats identified by Amey et al. (2005) is buffel
grass (Pennisetum ciliare), which is invading its habitat
and has the potential, by promoting fire, to destroy the
vegetation cover and litter it requires.
Lower rainfall is likely to reduce the value of Lake
Buchanan and Lake Galilee for breeding waterbirds. Cattle
grazing on the exposed saline plains around these lakes
are removing protective cover used by ground fauna and
nesting birds (Morgan et al. 2002), a threat that will be
exacerbated by higher temperatures under climate change.
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The red-finned blue-eye (Scaturiginichthys vermeilipinnis)
and Edgbaston goby (Chlamydogobius squamigenus) are
two endangered fish endemic to the Edgbaston Springs
that could be affected by warming. Air temperatures
around the shallow pools they inhabit reach 51 °C in
summer (Allen et al. 2002). But the water issuing from
the spring vents has a relatively constant temperature,
and climate change is not thought to threaten these fish,
nor the rare plants that grow around spring edges (Rod
Fensham pers. comm.).
The koala (Phascolarctos cinereus) population in the Desert
Uplands could prove very vulnerable to increasing heat
stress and declining food quality under climate change.
Other changes beside those mentioned here can be
expected, but information is limited.

6.12

6.11.5 Management
The importance of the White Mountains as the major climate
refuge in the bioregion warrants high levels of investment in
management to minimise threatening processes.
The spread of buffel grass into conservation areas and the
habitat of rare species should be prevented.
Goat control may be needed to protect rare plants. Any
shift to widespread farming of goats should be monitored
for the potential impact on biodiversity. It should be
discouraged in landscapes where uncommon plants occur.
Grazing impacts around Lake Buchanan and Lake Galilee
should be reduced to protect habitat for ground animals
and nesting birds.
The threat posed by salinity under a high rainfall scenario
should be considered when tree clearing permits
are assessed.

Brigalow Belt

With its deeply incised gorges and lofty peaks, it is evident why the Carnarvon Range abounds in species that otherwise do not occur
so far north, or are not otherwise found so far inland. Photo: DERM

s the largest bioregion in Queensland, the
Brigalow Belt is very rich in species, including
large numbers of plants and animals with small
ranges, some of which are confined to climatic refuges
and others to locations offering little protection from
climate change. The vulnerability to climate change of

A

most species is difficult to assess, but the large number
of uncommon species suggests that many of these are
likely to decline. Losses can be minimised by managing
fire, invasive pasture grasses (buffel grass and guinea
grass), feral animals such as goats and horses, and
noisy miners.
Climate Change and Queensland Biodiversity
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6.12.1 Climate change
Temperatures are projected to increase by 3.2°C by 2070,
with an increase of 4.5°C considered possible. These
figures, and those for rainfall, are based on projections
developed for regions that overlap with the Brigalow Belt
but do not have the same boundaries (see section 2), so
are only indicative. Temperatures are likely to increase
most in the west. By 2070, Miles is expected to have
three times as many days over 35 °C as it has today, and
Townsville may have ten times as many.
Future rainfall is more difficult to predict. The best
estimate prediction is for a 9–10% decrease, but a much
larger decrease or a large increase could occur. Cyclones
are more likely to bring rain into the northern Brigalow
Belt in future.
Fire risk can be expected to increase due to higher
temperatures. Fuel connectivity will come under the
opposing influences of decreasing rainfall and increasing
water use efficiency in plants (see section 2.5), with
connectivity possibly increasing near the coast and
probably declining in the west.

The presence of the tiger snake (Notechis scutatus) in Carnarvon
National Park tells of a time when Queensland was wetter and
cooler. The nearest population, in the Bunya Mountains, is
separated by vast tracts of unsuitable habitat. Queensland has
many species distributions that hint at a wetter cooler past. The
Queensland National Park system, by conserving these refugial
populations, has a major responsibility for conserving information
about Queensland’s climate in the past. Photo: DERM

Average mean temperatures within the Brigalow Belt
currently increase on a south-north gradient, but
maximum summer temperatures increase on an eastwest gradient, and rainfall decreases on an east-west
gradient. This means that species vulnerable to low water
availability or summer heatwaves will be most vulnerable
in the west of their ranges. Species limited by high mean
temperatures will be most vulnerable in the north of their
ranges, subject to the moderating influences of elevation
and aspect. Species with extremely small ranges may be
vulnerable throughout their ranges.

6.12.2 Biogeography
The bioregion is most diverse in the southern half, where
a rich flora of endemic and near-endemic eucalypts,
wattles, and other shrubs points to a long history of
speciation and species spread along the Great Dividing
Range and onto outlying residual sandstones and sand
deposits. The topographic and edaphic diversity has
facilitated survival of old lineages in discrete favourable
locations. Many plants have very small and disjunct
distributions indicating major contractions over time. The
Carnarvon Ranges are the major refuge in the southern
Brigalow Belt, with the Blackdown Tableland serving
as a second important elevated refuge 150 km to the
north-east. The ancient stag beetle Sphaenognathus
munchowae is confined to these two locations, which
Moore and Monteith (2004) described as ‘cool, wet and
heavily forested in comparison with the hot, dry, sparsely
vegetated surrounding lowlands’.
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The most unusual evidence showing that the Carnarvon Ranges
are a major refuge is provided by the stag beetles of genus
Sphaenognathus (represented there and on the Blackdown
Tableland by S. munchowae), a genus otherwise known only
from the Wet Tropics and South America. Illustration: Geoff
Thompson, Queensland Museum
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Table 23. Species with disjunct populations in the Carnarvon
Ranges

Blackdown Tableland is one of three major climatic refuges within
the Brigalow Belt, the others being the Carnarvon Range and Mt
Elliott. The endemic plants found here may be relicts of once
widespread species, or may have evolved in situ. Photo: DERM

The Carnarvon Ranges section of the Great Dividing
Range is one of the largest areas of elevated land in
Queensland, rising to 1200 m on the Consuelo Plateau.
It has endemic invertebrates and outlying populations of
large numbers of plants and several animals otherwise
confined to wetter coastal regions, including a treefern
(Cyathea australis) (see Table 23). Some of these species,
for example silvertop stringybark (Eucalyptus laevopinea),
survive only on an elevated basalt cap on the south-west
Consuelo Plateau, where orographic rain, low evaporation
due to mild temperatures, and fertile water-retaining soils
combine to make inland survival possible. Most of these
species have distributions extending southwards into
New South Wales, but some plants have biogeographic
links to the north, to the Einasleigh Uplands and Wet
Tropics. The cliff bluebell (Wahlenbergia islensis) is
endemic to the Carnarvon area, where it grows mainly
on damp cliffs, except for one population in Black Braes
National Park in the Einasleigh Uplands, 700 km to
the north. The undescribed guinea flower Hibbertia sp.
(Girraween NP D.Halford+ Q1611), found on Mt Moffatt
in the Carnarvon Range, is otherwise known from one
location in the Einasleigh Uplands and from the Granite
Belt of southern Queensland. These distribution patterns,
and those in Table 23, tell of times when Queensland
was cooler and much wetter, with wet forests extending
continuously from New South Wales to the Carnarvon
region, and with a sandstone-adapted flora extending
north to the Einasleigh Uplands and Wet Tropics. The
stag beetle Sphaenognathus munchowae has its nearest
relative 950 km further north in rainforest on Mt Lewis in
the Wet Tropics, while the other members of the genus
are Neotropical, suggesting an ancient Gondwanan
origin for the group (Moore and Monteith 2004). This
species is evidence that Carnarvon and Blackdown have
experienced microclimatic stability over a timescale
unparalleled elsewhere in inland Queensland.

Species

Main distribution

A striped skink (Ctenotus
arcanus)

Southeast Qld, northern
NSW

Ringed xenica butterfly
(Geitoneura acanthi)

Southeast Qld, NSW, Vic,
SA

A skink (Calyptotis scutirostrum)

Southeast Qld, northern
NSW

Cunningham’s rock skink
(Egernia cunninghami)

Main Range, Granite Belt,
NSW, Vic, SA

A skink (Lampropholis adonis)

eastern Qld

Tiger snake (Notechis scutatus)

Southeast Qld, all
southern states

Three-toed skink (Saiphos
equalis)

Southeast Qld, eastern
NSW

Lillypilly (Acmena smithii)

eastern Australia

Native grape (Cissus antarctica)

eastern Australia

White mahogany (Eucalyptus
acmenoides)

eastern Qld, NSW

Sydney blue gum (E. saligna)

Eungella, South-east Qld,
eastern NSW

Sweet pittosporum (Pittosporum
undulatum)

Southeast Qld, eastern
NSW

The rough-throated leaftail gecko (Saltuarius salebrosus),
which is endemic to the Brigalow Belt, is also an old
indicator of a wetter past. Most leaftails (Phyllurus,
Saltuarius, Orraya) are confined to rainforest, the
ancestral leaftail habitat (Couper et al. 2008), but this
Brigalow Belt endemic has rainforest populations in the
eastern part of its range and more westerly populations
living on sandstone cliffs in Carnarvon Gorge.
Blackdown Tableland is the second highest residual
sandstone plateau in the bioregion, reaching 900 m,
and second in importance as a refuge. It has endemic
plants, for example Hibbertia sp. (Blackdown Tableland
S.G.Pearson 279), Kennedia sp. (Blackdown Tableland
R.J.Henderson+ H747). Other residual sandstone
outcrops of lower stature, found east and south-east of
the Carnarvon Ranges, also feature significant species,
but in far lower numbers. Isla Gorge has two rare plants
– Calytrix islensis, Eucalyptus beaniana – not found
at Carnarvon, the Gurulmindi sandstone has endemic
plants, including Micromyrtus carinata and Calytrix
gurulmundensis, and Barakula State Forest also has
endemic plants (Acacia barakulensis, A. handonis).
In the northern Brigalow Belt, Mt Elliott and Magnetic
Island are important topographic isolates, with four
endemic lizards, an endemic frog and a crayfish (see
following maps). Mt Elliott shares some rainforest species
with the Wet Tropics.
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The distribution patterns of various plants indicate the importance of the Carnarvon Ranges as a refuge.
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Native grape (Cissus antarcticus) distribution.

Silvertop stringybark (Eucalyptus laevopinea)

Cliff bluebell (Wahlenbergia islensis)

The distribution of hairy oak (Allocasuarina inophloia) indicates
a past contraction from the northern Brigalow Belt.
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Further inland, the northern Brigalow Belt is more
topographically subdued and lacks a distinctive flora or
fauna. Many plants that are widespread in South-east
Queensland and the southern Brigalow Belt are absent
from this zone but reappear in the Wet Tropics – for
example Acacia podalyriifolia, A. ulicifolia, Allocasuarina
inophloia, A. torulosa, Angophora floribunda, Callitris
endlicheri – indicating past extirpation from the northern
Brigalow Belt.
Brigalow (Acacia harpohylla), the tree that defines the
bioregion, is widespread on clay soils on plains and
undulating lands throughout the bioregion. It often grows
with dry rainforest plants. Most of these are widespread
species that seem well adapted to the current climate.
The bottle tree (Brachychiton ruprestris), ooline
(Cadelia pentastylis) and bonewood (Macropteranthes
leichhardtii) are endemic or nearly endemic to the
Brigalow Belt, having presumably evolved there during
the Pliocene or Miocene when the climate was wetter
and more stable, and surviving the Pleistocene transition
to a drier and more variable climate, albeit probably in
reduced numbers. The dry rainforests in the Brigalow
Belt lack a distinctive or diverse fauna of rainforest
vertebrates, suggesting that any Tertiary fauna was lost
during arid ice ages.

6.12.3 Vegetation
Because of the very large number of eucalypt and other
tree species found in the Brigalow Belt, only the species
that are habitat dominants over large areas have been
tentatively assessed for their vulnerability to climate
change based on distributions (Table 24).
The tree that once dominated the region, brigalow (Acacia
harpophylla), has been extensively cleared because the
fertile clay soils it grows on are valued for agriculture. The
small scattered remnants have high conservation value.
Brigalow is well adapted for aridity. Connor and Tunstall
(1968) found that its phyllodes (‘leaves’) are more
resistant to desiccation than those of mulga (A. aneura),
a tree that grows in much drier regions. This can be
explained as an adaptation to survival in clay soils,
from which roots cannot extract water at low water
potentials. Outlying stands of brigalow occur well west
of the Brigalow Belt, for example near Richmond on
the Gulf Plains, and near Quilpie in the Mulga Lands,
indicating tolerance for hotter and more arid conditions
than currently occur within the Brigalow Belt. At some
of these western sites brigalow is a relatively small tree,
only 6-9 m tall. When brigalow seeds from different
regions are grown together under the same conditions,
different growth rates are observed, correlated with
regions of origin, which Coaldrake (1971) attributed
to varying adaptations to aridity. Inland plants have
greyer, hairy phyllodes. Brigalow crowns sometimes
die during droughts (Fensham and Holman 1999), even
at near-coastal locations such as Ipswich (Harris and

Lamb 2004; Low 2009b) but well-known for its suckering
habit, brigalow can usually regenerate from rootstocks
after drought. However, drought deaths were recently
reported from Taroom (Mark Cant pers. comm.) and near
Rockhampton (Steve. G. Wilson pers. comm.).
Brigalow should survive considerable climate change,
although many drought deaths may occur and some
stands may become increasingly stunted. Gidgee may
replace brigalow at some western sites. Rising CO2 levels
could promote thickening of brigalow (as a nitrogen-fixing
plant growing in fertile, self-mulching soils), reducing
the potential of greater water use efficiency to increase
drought resistance. Fires carried by buffel grass pose
a threat to some stands (see below). Genetic selection
for greater drought tolerance will be greatly hindered by
the past clearing of most of this habitat type, limiting
the potential for eastward gene flow. Brigalow stands
could be enlarged and linked to improve shade and thus
drought tolerance, and to facilitate genetic selection for a
changing climate (Low 2009).
Table 24. Dominant trees and shrubs in the Brigalow Belt and
their potential vulnerability to climate change
Low Vulnerability

Medium Vulnerability

Gidgee (Acacia cambagei)
Brigalow (A. harpophylla)
Lancewood (A. shirleyi)
Clarkson’s bloodwood
(Corymbia clarksoniana)
Dallachy’s gum
(C. dallachiana)
Rustyjacket (C. leichhardtii)
Moreton Bay ash
(C. tessellaris)
Dawson gum (Eucalyptus
cambageana)
Coolibah (E. coolabah)
River red gum
(E. camaldulensis)
Silver-leafed ironbark
(E. melanophloia)
Poplar gum (E. platyphylla)
Mallee box (E. persistens)
Poplar box (E. populnea)
Yapunyah (E. thozetiana)
Broad-leaved paperbark
(Melaleuca viridiflora)

Bull-oak (Allocasuarina
luehmannii)
White cypress (Callitris
glaucophylla)
Spotted Gum (Corymbia
citriodora)
Red bloodwood
(C. erythrophloia)
Belah (Casuarina cristata)
Narrow-leaved ironbark
(Eucalyptus crebra)
Red-ironbark (E. fibrosa)
Grey box (E. macrocarpa)
Silver-leafed ironbark
(E. melanophloia)
Gum-topped box
(E. moluccana)
Mountain coolabah
(E. orgadophila)
Queensland blue gum
(E. tereticornis)

None of the widespread dominant trees was assessed as
having high vulnerability to climate change. This reflects
the very wide distribution of most dominant species,
which have outliers in more westerly bioregions, and
the restricted focus of the assessment. Had regional
ecosystems with very small distributions also been
assessed, some of their dominant species, for example
Eucalyptus albens, would have rated as highly vulnerable.
Eucalypts listed as having low and medium vulnerability
may contract from marginal locations in response to
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climate change. Species listed as having medium
vulnerability, for example gum-topped box (E. moluccana),
may contract eastwards, and widespread eucalypt deaths
during drought can be expected, consistent with drought
deaths in the past. Silver-leafed ironbark (E. melanophloia)
is listed as having both low and medium vulnerability
because western populations are likely to suffer some
dieback and range contractions following severe droughts,
with eastern populations less affected.
As noted in sections 2.3 and 4.1, widespread dieback
of ironbarks has occurred in inland Queensland during
recent droughts. Bloodwoods close to Townsville
have also died during recent droughts (Gethin Morgan
pers. comm.). Cypress pine (Callitris glaucophylla), an
important component of vegetation communities in the
southern Brigalow Belt, is also susceptible to severe
droughts. Deaths occurred over large areas of south-west
Queensland during the drought of 1898–1902 (Fensham
and Holman 1999). Large-scale deaths may occur in the
Brigalow Belt in future, and although recruitment can be
expected during wet periods, an increased frequency of
droughts could shorten longevity and reduce abundance.
Because eucalypt diversity is high in the Brigalow Belt,
many changes in relative abundance of tree species can
be expected. The line of intermediates where poplar box
(E. populnea) grades into Reid River box (E. brownii) at
the north-west edge of the poplar box range may advance
in a south-easterly direction (see section 4.1). Efficient
cross pollination will help eucalypts adapt to climate
change, but noisy miners are compromising pollination
services in the southern Brigalow Belt, a problem
described in the next section.

There are growing concerns about buffel grass
(Pennisetum ciliare), the main pasture grass in the
Brigalow Belt, invading fragmented eucalypt and brigalow
woodlands, where it displaces other groundcover plants
and increases fire risk, sometimes leading to tree death.
Named one of Australia’s 18 worst environmental weeds
(Humphries et al. 1991), it has invaded many national
parks and reserves in the Brigalow Belt, including
Carnarvon National Park, Palm Grove, Expedition Range
and Epping Forest (Low 1999), Mazeppa National Park
(Butler and Fairfax 2003) and Taunton National Park
(Scientific), where it is impacting on endangered bridled
nailtail wallabies (Onchogalea fraenata) by increasing fire
risk to shelter trees and displacing fodder plants (Mark
Cant pers. comm.). In a review of future fire regimes in
Australia, Bradstock (2010) highlighted its potential to
increase fire spread in arid woodlands by increasing
fuel loads and fuel connectivity. In Mazeppa National
Park it has spread throughout the park from adjoining
pastures, and a single fire that burnt into the park in
1999 killed brigalow and gidgee trees over a substantial
area, converting a dense acacia woodland into a buffel
grassland with scattered surviving trees (Butler and
Fairfax 2003). This fire also benefited parthenium
(Parthenium hysterophyllus), another invasive weed
that replaces native grasses (Butler and Fairfax 2003).
Buffel grass can be expected to benefit from a higher
fire risk facilitating the fires that help spread it, and
from more droughts, which promote its spread (Eyre et
al. 2009). Like other grasses, it may be disadvantaged
by CO2 fertilisation benefiting woody vegetation more
than grasses (see section 3.6), but this will not alter the

Brigalow has largely been cleared from the bioregion it once dominated and many stands now consist of small clumps of trees rather
than substantial forests. Photo: Jon Norling
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competitive advantage it has over the native grasses it
displaces. Buffel grass grows much taller in the northern
Brigalow Belt than it does in southern areas (Peter
Young pers.comm.), so higher temperatures may lead to
thicker stands in the south, resulting in hotter fires. Its
distribution indicates that it is more tolerant of aridity
than most Brigalow Belt plants.
Dry rainforest communities add significantly to the
biodiversity of the Brigalow belt, with a wide range of
plants growing together in ‘scrubs’ or as understory
plants beneath brigalow and belah. There are good
reasons for thinking that fire limits the distribution of
rainforest within the Brigalow Belt: scrubs are often in
fire-resistent locations; and on flatter lands where fires
have been suppressed, rainforest saplings and vines
sometimes colonise eucalypt and cypress woodlands
in large numbers. Dry rainforest remnants should be
managed to exclude fire. The main threat is posed by
buffel grass increasing fuel loads and fuel connectivity
in the vicinity of rainforest remnants. Green panic
(Megathyrsus maximus) is another African pasture grass
that can increase fire risk to rainforest in the region.
Death of coral reefs from bleaching could expose coastal
dunes to damaging storm surges, which will be made
worse by rising sea levels and more intense cyclones. This
could threaten an endangered regional ecosystem, beach
scrub (11.2.3 – Low notophyll to microphyll vine forest).
Rising sea levels will inundate mangroves, saltmarshes,
and freshwater wetlands. The bioregion has three
important coastal wetlands at partial risk from sea level
rise: the Burdekin -Townsville Coastal Aggregation, the
Burdekin Delta Aggregation, and Bowling Green Bay.
Mangrove forests are likely to maintain a presence by
invading saltmarshes, and the Fitzroy River estuary offers
especially good opportunities for this because the current
ratio of saltmarsh to mangroves is very high. Because
saltmarshes and coastal freshwater wetlands have limited
potential to expand westwards, substantial declines can
be expected, although not necessarily by 2070.
In parts of Brigalow Belt with intensive irrigation,
including the Condamine-Culgoa and the Burdekin River
around Ayr, the natural flow regime has been greatly
altered, with, for example, dieback of red gums on
the Condamine, and climate change can be expected
to exacerbate these impacts. Lake Broadwater is one
significant wetland that may fill less often. Inland
floodplains in the southern Brigalow Belt face serious
threats from lippia (Phyla canescens), a weed that
benefits from the alternation of droughts, which kill
native floodplain vegetation, and floods, which disperse
its seeds and rhizomes (Stokes et al. 2007). Fensham
(1998) identified it as a serious threat to flood-prone
grassland in the eastern Brigalow Belt. It is less invasive
when floodplains are not heavily grazed.
The many rare and endemic plants found in the bioregion
include some that will probably survive considerable

climate change and others that are close to their climatic
limits. The vulnerable species probably include those
with relict populations surviving in areas of limited
topographic protection from fire, aridity and competition.
Some rainforest plants are inherently vulnerable to climate
change because they have extremely small distributions.
Decaspermum struckoilicum, for example, is known only
from one vine thicket near Mt Morgan. The Carnarvon
Ranges and Blackdown Tableland will continue to serve as
major refugia for plants, but species in these locations with
very small populations could be highly vulnerable. Feral
animals (horses, pigs) in the Carnarvon Ranges should be
removed and fire should be managed carefully.
Since the 1980s, feral goat numbers have risen
dramatically in Queensland (Queensland Government
2009) As higher temperatures increase heat stress
for cattle and sheep, more producers may farm goats
or encourage feral goats. Higher goat numbers could
seriously threaten rare and endemic shrubs in the Brigalow
Belt, a large proportion of which grow on the elevated
slopes favoured by these animals. Goats seldom reach
high numbers where dingoes (Canis lupus) are active (Van
Dyke and Strahan 2008), to the benefit of plants.

6.12.4 Fauna
A number of species in the Brigalow Belt with very small
distributions could be threatened by climate change.
These include species found on mountains, and two
endangered mammals that survive towards the north of
their historic range.
A frog, a crayfish and four lizards are confined to
mountainous areas in the northern Brigalow Belt near
Townsville. The Mt Elliott frog (Cophixalis mcdonaldii) is
confined to an area of rainforest of about 6 sq km, from
the summit of Mt Elliott down to 900 m (Zweifel 1985).
The Mt Elliott crayfish (Euastacus bindal) lives in streams
above 1000 m (Coughran and Furse 2010). A recently
discovered skink Glaphyromophus clandestinus is known
from moist humus beneath rocks at Alligator Creek Falls
at 450 m altitude (Hoskin and Couper 2004). It has not
been found anywhere else, despite extensive searches
under rocks along similar seepage lines on Mt Elliott
and elsewhere. The Mt Elliott leaftail gecko (Phyllurus
amnicola) is confined to boulders along one creekline,
where it ranges from 400–1000 m altitude (Hoskin et al.
2003; Wilson 2005). The Paluma leaftail (P. gulbaru) is
confined to rainforest in steep gullies with boulders at the
southern end of the Paluma Range, on the Brigalow BeltWet Tropics boundary (Wilson 2005). Rainforest leaftails
are thought to be very vulnerable to climate change
(Couper et al. 2008) and these species have extremely
small ranges, although the rocky creeklines they live
along would be well buffered from high temperatures
and drought. The skink Menetia sadlieri is confined to
Magnetic Island (Wilson 2005) but has colonised damp
gardens, which should provide an effective refuge during
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hot droughts. The skink Lampropholis mirabilis occupies
rocky slopes and is more widespread than the other
species, occurring at Cape Cleveland, Mt Elliott and
Magnetic Island (Wilson 2005).
Of these species, the crayfish appears to be strongly
limited by temperature, given its restriction to altitudes
above 1000 m, suggesting a high vulnerability to
rising temperatures. The frog occurs throughout the
rainforest and appears to be limited by habitat rather
than temperature (Keith McDonald pers. comm.), unlike
some Cophixalis species, although its tolerance for
higher temperatures may be limited. Glaphyromophus
clandestinus is only known from three individuals
collected within 100 m of each other (Hoskin and
Couper 2004) and could be very vulnerable to fires or
more severe droughts. The Paluma leaftail is also very
vulnerable, fire having destroyed much of its habitat
since it was discovered in 2001 (Hoskin et al. 2003).
Effective fire management offers the best option to
protect these species from climate change.
The stag beetle Sphaenognathus munchowae, confined
to the cool wet summits of the Consuelo Tableland and
Blackdown Tableland, is also highly vulnerable. Living
under logs, and surviving only in small areas that are
especially wet – the north-east of Blackdown Tableland
and the south west of the Consuelo Tableland (Moore and
Monteith 2004) – it is likely to be threatened by droughts
of increasing severity. Illegal collectors are also damaging
the logs it shelters under searching for specimens which
have been advertised overseas at $6000 a pair (Geoff
Monteith pers. comm.). Its nearest relative is found in
cool wet rainforest.

burrows are rare in the Brigalow Belt but widespread
within the Great Artesian Basin, which has its eastern
boundary just west of Epping and the Moonie River. The
unusual broken distribution of the wombats could have
resulted from increasing Pleistocene aridity eliminating
the main populations further west. The surviving
population could thus be vulnerable to increasing aridity
as well as rising temperatures. Droughts, as well as rising
CO2 levels, are likely to reduce forage quality.
The yellow chat is represented by an endangered
subspecies (Epthianura crocea macgregori) found
in swampy grassland and saline herbfield in various
coastal locations, including Curtis Island (Garnett and
Crowley 2000; Eyre et al. 2009; Howes and Maron 2009),
where it is very vulnerable to sea level rise and extreme
weather events.
Ephemeral wetlands can be expected to decline in size,
frequency of filling and productivity, to the detriment of
waterbirds and frogs. On clay soils, temporary wetlands that
form after rain provide breeding habitat for frogs. If rainfall
declines, some of these wetlands may fill so rarely that frog
populations decline, leading to flow-on declines of frog
predators such as De Vis’ banded snakes (Denisonia devisi)
and grey snakes (Hemiaspis damelii) (Steve K. Wilson pers.
comm.). Permanent waterholes that provide important
drought refugia for fish and invertebrates could also decline
in size and biological capacity.
Sea level rise will harm birds and other wildlife that
use coastal wetlands, and especially the magpie goose
(Anseranus semipalmata), which feeds on tubers of
spike rush (Eleocharis dulcis), a sedge found in low-lying
wetlands.

The Brigalow Bioregion, because it is bordered by wet
bioregions in the east and by very dry ones in the west,
will see more distribution shifts in response to climate
change than most bioregions, and this justifies a focus
on west to east and south-east oriented corridors. The
stock route network has considerable potential to serve
as a partial corridor. It can be improved with additional
plantings and weed control.
The Brigalow Belt is home to two endangered mammals
which, confined to the northern parts of their historic
ranges, could face risk from worsening heatwaves.
Northern hairy nosed wombats (Lasiorhinus krefftii) were
once found as far south as Jerilderie in southern New
South Wales, but only the northernmost population, at
Epping Forest, has survived. Bridled nailtail wallabies
once ranged from Charters Towers to Victoria, but
have survived only at Taunton, west of Rockhampton.
The wallabies are also threatened by buffel grass fires
destroying the thickets they shelter in.
The wombats were only ever known from three locations,
the other two being the Moonie River in the southern
Brigalow Belt and Jerilderie, although their fossils have
been found over a wider area (Van Dyck and Strahan
2008). Deep sands and loams suitable for wombat

142

Climate Change and Queensland Biodiversity

Magpie geese (Anseranas semipalmata) have more to lose from
sea level rise than most animals because they feed largely on
tubers of a sedge (Eleocharis dulcis) found in low-lying coastal
swamps. Photo: Terry Reis
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Noisy miners are very aggressive honeyeaters that
dominate degraded woodlands and are blamed for native
bird declines in the Brigalow Belt (Maron and Kennedy
2007). By excluding migratory and nomadic honeyeaters
from their small territories, noisy miners are thought to
reduce pollen flow between eucalypt stands, limiting
the capacity of trees to produce seedlings adapted for
future climates (Low 2009). The Brigalow Belt is the
only region in Australia where noisy miners are known
to inhabit large tracts of contiguous habitat, including
large stands of spotted gums (Corymbia citriodora)
(Maron and Kennedy 2007; Eyre et. al. 2009), ironbarks
(E. crebra, E. melanophloia), poplar box (E. populnea) and
mountain coolabah (E. orgadophila) (Howes and Maron
2009). Noisy miner abundance is strongly correlated
with high levels of livestock grazing (Eyre et. al. 2009),
and in Carnarvon National Park feral cattle and feral
horses are contributing to noisy miner abundance and
declines in other birds (Howes and Maron 2009). Fire
is also implicated. Graziers burn to increase grass and
reduce shrubs, which eliminates habitat for small birds
and increases it for noisy miners. For bird conservation
in Brigalow Belt forests, Eyre et. al. (2009) recommended
‘fire management practices which result in a greater
diversity of fire regimes at the landscape scale, to
encourage the retention or promotion of shrubs in the
midstorey.’ Maron and Kennedy (2007) warned that
burning to reduce regeneration of the cypress pine and
bull oak subcanopy within forestry areas is ‘exacerbating
the problem of noisy miner domination of the avifauna’.
Logging may also increase noisy miner abundance, by
decreasing large tree density, but the evidence is less
clear (Eyre et al. 2009).
In inland parts of the Brigalow belt cane toads (Rhinella
marina) will benefit from higher minimum temperatures,
although lower rainfall may cancel this advantage.
Remnant vegetation in the Brigalow Belt could become
critical in future as a temporary refuge for arid zone birds
driven eastwards by extreme droughts in bioregions
further west (see section 2.3).
Tilapia (Oreochromis mossambicus), a fish on the
World Conservation Union’s list of 100 of the World’s
Worst Invasive Alien Species (Lowe et al. 2000), has
invaded many catchments in northern Australia in recent
decades (Allen et al. 2002). They were reportedly found

in the headwaters of the Murray Darling system near
Toowoomba, but did not establish (Clunie et al. 2002).
Climate change will increase the capacity of the MurrayDarling and other catchments to support tilapia by
increasing water temperature and slowing flows (Damien
Burrows pers. comm.). Tilapia are a prohibited fish
and very strong policies to prevent their establishment
are warranted.
This assessment is only preliminary as it is not possible
to identify all climate change threats over such a
large bioregion.

6.12.5 Management
The high biodiversity found in the major refugia, notably
the Carnarvon Ranges, Blackdown Tableland, and Mt
Elliott, justifies high levels of investment in management
to minimise threatening processes. The presence of
the stag beetle genus Sphaenognathus at Carnarvon
and Blackdown implies exceptional climatic buffering
over tens of millions of years. Strong protection is also
justified for minor refugia, such as Isla Gorge, Robinson
Gorge, Barakula and Gurulmundi. These refugia may well
lose some species to climate change by 2070, but many if
not most species should survive with good management.
Losses can be minimised by managing fire, invasive
pasture grasses (buffel grass and guinea grass) and feral
animals such as goats and horses.
Within eucalypt forest, including state forests, noisy
miners should be discouraged by minimising grazing
intensity of livestock and feral animals, and by not
burning excessively. But in places where buffel grass
dominates the understory, grazing can reduce the risk of
fires that damage the canopy, and in this situation may
be justified.
Dry rainforest can best be protected by preventing
buffel grass and green panic from growing around its
boundaries, where they facilitate hot fires. Buffel grass
should also be kept out of eucalypt woodlands and
brigalow remnants. Where buffel grass does occur,
grazing can reduce fuel levels, and fuel reduction burning
can reduce the risk of severe fires.
Wetlands can be protected by reduced water extraction,
and inland floodplains can best be protected from lippia
invasion by reducing grazing pressure.
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6.13

Southeast Queensland

Lamington Plateau and nearby ranges have the highest numbers of cold-adapted species in Southeast Queensland, a circumstance
matched in the adjoining New England Bioregion by Girraween National Park. The plants found on isolated acid volcanic outcrops in
this area are often species whose main distribution lies in the New England Tableland, suggesting that northeasterly spread occurred
during an ice age. Photo: DERM

outheast Queensland is a region rich in
biodiversity in which many species appear
vulnerable to climate change, including some
that reach their northern limits on mountains and
plateaus, and some with very small populations. Species
vulnerable to climate change occur in all habitats,
including rainforests, upland eucalypt forests, wallum,
and on acid volcanic peaks. Conservation of vulnerable
species will depend on good fire management, weed
management, pig control and pollinator conservation.

S

6.13.1 Climate change
Temperatures are projected to increase by about 2.9 °C
by 2070, with an increase of up to 4 °C considered
possible. In Amberley near Brisbane the number of days
above 35 °C is expected to increase from the current 12
per year to 41 by 2070.
Future rainfall is more difficult to predict. The ‘best
estimate’ prediction is for a decrease of 8%, but the
model estimates range from a decrease of 30% to an
increase of 17%.
Fire risk is likely to increase from higher temperatures
and more severe droughts.
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6.13.2 Biogeography
Drawing upon mammal distributions, Spencer (1896)
divided Australia into three biogeographic realms: the
Torresian (tropical), Bassian (temperate) and Eyrean
(central and western), a scheme that was later endorsed
by Burbidge (1960) for plants. A very large number
of Bassian species reach their northern limits within
Southeast Queensland, and many Torresian species
reach their southern limits within the region, a situation
that led Burbidge (1960) to designate Southeast
Queensland, along with part of northern NSW, the
Macpherson-Macleay Overlap. In a recent review of
endemism in the Australian flora, Crisp et al. (2001)
identified the New South Wales-Queensland border
region as one of five ‘major centres of both diversity
and endemism’ in Australia. Several animal genera are
endemic to Southeast Queensland (Coggeria, Elusor,
Eroticoscincus, Nangura, Neoceratodus) and others
to the overlap (Assa, Harrisoniascincus, Macadamia,
Nannoperca, Ophioscincus, Tenuibranchiuris),
showing the importance of the region for speciation
and persistence. Reaching their northern limits in this
bioregion are many plant genera (for example Correa,
Derwentia, Euphrasia, Gaultheria, Nothofagus) and
animal genera (Atrichornis, Hylacola, Menura, Philoria,
Potorous) and hundreds of plant and animal species.
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Australia’s drift north from Antarctica during the Tertiary
into the dry middle latitudes, in conjunction with
increasing climatic variability during the Pleistocene,
have left many old rainforest lineages restricted in
Queensland to wet mountains. Southeast Queensland
and the Wet Tropics have the tallest mountains in the
state and serve as the main refuges for old rainforest
lineages. Notable species found in the Southeast
Queensland uplands (and not the Wet Tropics) include
lyrebirds (Menura) and their relatives the scrub-birds
(Atrichornis), which form a sister clade to all other
songbirds on earth (Barker et al. 2004), and Antarctic
beeches (Nothofagus), which were dominant rainforest
trees on southern continents during the Cretaceous.
Primitive angiosperms are well represented in Southeast
Queensland rainforests by genera such as Trimenia,
Eucryphia and Nothofagus.
Relict lineages are not confined to upland rainforest. The
lungfish (Neoceratodus forsteri), found in the Burnett
and Mary Rivers, is the sole surviving member of order
Ceratodontiformes, and may date back 100 million years,
a fossil of that age having been identified as the living
species (Kemp and Molnar 1981). Two endemic lizard
genera (Erotoscincus, Coggeria) and various Macadamia
species are found mainly in low altitude forests, and the
turtle genus Elusor is confined to the Mary River. A fossil
site just north of the bioregion, at Mt Etna, records the
existence of a rich lowland fauna of rainforest mammals
that was present no more than 280 000 years (Hocknull et
al. 2007), suggesting that lowland rainforest was probably
widespread in Southeast Queensland at this time.

probably contributed to ecosystem stability by ensuring a
water supply through periods of Pleistocene aridity.
Acid volcanic peaks within the region support a high
diversity of mainly small plants, including endemic
and many narrow-range species. Two plants otherwise
found in the tropics (Micraira subulifolia, Pseudanthus
ligulatus) have outlying populations on the Glasshouse
Mountains. A daisy (Tetramolopium vagans) endemic to
Mt Maroon and nearby peaks has its nearest relatives
in north Queensland and New Guinea. A fourth plant,
Bauera rubioides, confined in Queensland to Mt
Barney and Mt Lindsay, is otherwise found in central
New South Wales. These highly disjunct distributions,
and the high diversity of species found on particular
mountains (for example Mt Maroon, Mt Walsh), suggest
that steep rocky peaks in Southeast Queensland
conserve species that have otherwise disappeared from
the region. The outstanding example is Gyrostemon
osmus, a shrub confined to Pages Pinnacle west of the
Gold Coast; the nearest Gyrostemon is in the Sydney
area (G. thesioides), and the nearest Gyrostemon in
Queensland (G. ramulosus) is in the Channel Country
west of Windorah. These exposed peaks have several
features that facilitate long-term persistence: large
temperature variations between upper and lower and
northern and southern slopes, a supply of orographic
rain, water-collecting slopes, and some protection from
fire and competition.

High diversity and high levels of endemism can be found
in eucalypt forest, in the wallum landscape along the
coast, and on acid volcanic peaks. Southeast Queensland
is very rich in eucalypts, including some species with
no close relatives (E. curtisii, E. hallii, E. michaeliana,
E. microcorys) (Brooker and Kleinig 2004), suggesting
relict status, although only one of these (E. hallii) is
endemic to Southeast Queensland. Plunkett mallee
(E. curtisii) is of particular interest as ‘the sole remnant of
an ancient lineage’ (Smith et al. 2003).
The wallum vegetation found on coastal sandmasses
is rich in endemic plants, and also supports endemic
crustaceans, insects, fish, frogs, and reptiles. Fraser
Island has an endemic lizard genus represented by
the Satinay sand skink (Coggeria naufragus). Dating
studies of the coastal dunes suggest very young ages
(Quaternary), but some wallum species are old. A DNA
study of the ornate sunfish (Rhadinocentrus ornatus)
indicated that the population around Moreton Bay
diverged from the Tin Can Bay population 5–7 million
years ago, during the Miocene (Page et al. 2004), and an
undescribed freshwater shrimp (Caradina sp. C) confined
to wallum was found to have diverged from its nearest
relatives more than 6 million years ago (Page and Hughes
2007). The perched water tables of wallum lakes have

The daisy Tetramolopium vagans is a relict plant surviving on
the acid volcanic peaks of Southeast Queensland. It is confined
to rocky slopes of four mountains on the McPherson Range, with
the nearest Tetramolopium species occurring in the Wet Tropics
(Hinchinbrook Island, Cardwell Range) and in montane New
Guinea. Photo: Tim Low
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It is not obvious from the geography of Southeast
Queensland why some old lineages, for example that of
the lungfish, have persisted there and nowhere else, but
the evidence is clear that the bioregion has conserved
many lineages extinct elsewhere. It seems likely that
some of the monotypic endemic genera represent
isolated survivors from past speciose radiations, as is
known to be the case for the lungfish.
Although the region has conserved major lineages, it has
also seen many losses. Diversity of rainforest mammals
and birds is low, reflecting past extinctions. Southeast
Queensland differs from the Wet Tropics in lacking a
specialised fauna of rainforest mammals. Winter (1988)
noted that mammals found in rainforest outside the Wet
Tropics usually also occur in wet eucalypt forests and he
classified them as ‘forest generalist species’ (for example
long-nosed bandicoot Perameles nasuta, bush rat Rattus
fuscipes, mountain brushtail Trichosurus caninus) or
‘rainforest ecotone species’ (for example red-necked
pademelon Thylogale thetis). The same could be said
about the birds, with many common species in rainforest
(for example grey shrikethrush Colluricincla harmonica,
brown thornbill Acanthiza pusilla), also occupying
much drier habitats (Roberts 1979). And within the
various rainforest remnants diversity is highly variable,
reflecting past extinctions during rainforest contractions.
The Macpherson and Main Ranges, to the south of the
Brisbane River, are much richer in species than the
upland areas further north – the D’Aguilar Range, the
Conondale Range, Blackall Ranges, Bunya Ranges and
Kroombit Tops. All of these ranges have upland rainforest
that appears ideal for leaftail geckoes (Saltuarius
species), for example, but only the Macpherson and Main
Ranges and Kroombit Tops have them, suggesting that
rainforest remnants on the other ranges contracted to
very small sizes during glacial periods (Patrick Couper
pers. comm.).
Many species found mainly in the arid zone of
Australia can be found as isolated populations within
Southeast Queensland, apparently indicating eastward
spread during arid glacial periods followed by more
recent declines. Arid zone plants found in Southeast
Queensland include a spinifex (Triodia marginata),
weeping pittosporum (Pittosporum angustifolium),
brigalow (Acacia harpophylla) and silky heads
(Cymbopogon obtectus). Animals include the narrowbanded sand-swimmer (Eremiascincus fasciolatus), tree
skink (Egernia striolata), Boulenger’s skink (Morethia
boulengeri) and grey snake (Hemiaspis damelii). Should
the climate become drier, these species should be
advantaged, since they can tolerate hot as well as dry
conditions. Climate change should also benefit northern
(Torresian) species over southern (Bassian) species.
The significance of Southeast Queensland as a highly
diverse overlap zone thus signifies the potential for many
competitive shifts.
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Ice age relict? The favoured habitat of the broad-banded
sandswimmer is ‘sandy areas with spinifex’ (Wilson and Swan
2008), yet small isolated populations can be found in Southeast
Queensland, for example around Ipswich and Lake Wivenhoe,
which probably tell of eastward spread during an arid ice age.
Photo: DERM

6.13.3 Vegetation
The trees that dominate regional ecosystems in Southeast
Queensland (Young and Dillewaard 1999) are tentatively
assessed for their climatic vulnerabilities based on
distribution (Table 25). Most of the dominant eucalypts
have distributions extending far to the north and west
into drier regions, suggesting good prospects for survival
under climate change, although regular die-offs can be
expected during severe droughts, as have occurred in recent
decades. The species assessed as highly vulnerable are
mostly confined to small areas in the south of the region,
where competition from other eucalypts may pose the
main threat to their survival. The high diversity of eucalypts
in the region suggests a very high potential for species’
shifts in response to climate change. Eucalypts considered
especially important for biodiversity because they are major
nectar producers or koala food trees – for example spotted
gum (Corymbia citriodora), pink bloodwood (C. intermedia),
narrow-leaved ironbark (E.crebra), Queensland blue gum
(E. tereticornis) – typically extend well to the north and thus
appear to face a low risk. Species assessed as facing a
medium risk are likely to decline from marginal locations,
and one of these, swamp mahogany (E. robusta), is a very
important nectar source and koala food tree. Long-range
movements of flying foxes, lorikeets and honeyeaters will
facilitate survival of major nectar-producing eucalypts
by bringing pollen southwards and eastwards. But noisy
miners (Manorina melanocephala), which are increasing
in the region, diminish pollen flow by defending trees from
other honeyeaters (see section 3.8).
The common paperbark (Melaleuca quinquenervia)
eventually faces a high risk from sea level rise, with the
main stands of this tree growing on low-lying alluvium
near the sea (Young and Dillewaard 1999). Large stands of
paperbarks have been lost to clearing in the past. A newly
arrived pathogen in Queensland, eucalyptus rust (or
myrtle rust) attacks paperbarks (Carnegie et al. 2010), and
could increase the threat to this species (see section 4.1).
Eucalyptus rust has severely damaged Australian
paperbarks growing in Florida (Carnegie et al. 2010).

6. Bioregional reviews
Table 25. Dominant trees and shrubs in Southeast Queensland and their potential vulnerability to climate change
Low Vulnerability

Medium Vulnerability

High Vulnerability

Bull-oak (Allocasuarina luehmannii)
White mahogany (Eucalyptus carnea)
Spotted Gum (Corymbia citriodora)
Ironbark (E. dura)
Pink bloodwood (C. intermedia)
Thin-leaved stringybark (E. eugenioides)
Moreton Bay Ash (C. tesselaris)
Broad-leaved Ironbark (E. fibrosa)
Brown Bloodwood (C. trachyphloia)
Flooded gum (E. grandis)
White mahogany (Eucalyptus acmenoides) Silvertop stringybark (E. laevopinea)
Narrow-leaved ironbark (E. crebra)
Grey Gum (E. major)
Gympie messmate (E. cloeziana)
Yellow box (E. melliodora)
Queensland peppermint ( E. exserta)
Nanango ironbark (E. melanoleuca)
Silver-leaved ironbark (E. melanophloia)
Queensland ash (E. montivaga)
Gum-topped Box (E. moluccana)
Swamp mahogany (E. robusta)
Poplar box (E. populnea)
Sydney blue gum (E. saligna)
Red mahogany (E. resinifera)
Ironbark (E. suffulgens)
Queensland blue gum (E. tereticornis)
Turpentine (Syncarpia glomulifera)

The rainforests in Southeast Queensland vary
considerably in species’ composition, stature, structure
and average leaf size, depending upon soils, water
availability, aspect, and history. They support plants with
varying climatic tolerances, including species at both
the northern and southern ends of their distributions,
which can be expected to respond differently to
different aspects of climate change due to different
drought tolerances and optimal temperature ranges for
photosynthesis. Many rare plants could be threatened by
altered competitive relationships and severe droughts,
especially species confined to high altitudes. Lovelock et
al. (2010) noted that green waxberry (Gaultheria sp. [Mt
Merino G.Leiper AQ502686]) and an eyebright (Euphrasia
bella) are confined to the Macpherson Range to ‘cool
misty summits without higher elevation habitat available
for migration’. Rare rainforest plants in the lowlands
with relict distributions, for example Archidendron
lovelliae, Gossia gonoclada, Selaginella andrewsii and
Tecomanthe hillii (Lovelock et al. 2010), could also suffer
from altered competitive relationships, if not from climate
change directly. Lovelock et al. (2010) have highlighted
the vulnerability of the creeping club moss Selaginella
andrewsii, which is confined to lowland rainforest in the
Tallebudgera and Currumbin valleys. It requires high
humidity and is washed away by floods.
The Antarctic beech (Nothofagus cunninghamii) is
the bioregion’s best-known high altitude tree. Some
rainforest trees persist through time by suckering from
the base as an alternative to setting seed, and a small list
of such species produced by Johnston and Lacey (1983)
is noteworthy for including Eucryphia and Nothofagus,
two of only a handful of Gondwanan rainforest genera
shared by Australia and South America, strongly implying
that a capacity for suckering promotes long term survival

Red bloodwood (Corymbia gummifera)
New England blackbutt (Eucalyptus
campanulata)
Brown gum (E. deanei)
Ironbark (E. decolor)
Dunn’s white gum (E. dunnii)
Ironbark (E. corynodes)
Goodwood gum (E. hallii)
Tallowwood (E. microcorys)
Manna gum (E. nobilis)
Messmate stringybark (E. obliqua)
Blue Mountains ash (E. oreades)
Common paperbark (Melaleuca
quinquenervia)

through varying climates. Eucryphia jinksii is confined
to a single site at Springbrook where it seems to survive
only by suckering, but Antarctic beeches do produce
seedlings at sites where rainforest is disturbed (Bill
MacDonald pers. comm.), suggesting they are not at
their climatic limits. A sapling planted near the O’Reilly’s
guesthouse below the altitude of wild stands is growing
well. Antarctic beeches can photosynthesise efficiently
over a wide temperature range (Hill et al. 1988). Antarctic
beech might not even be disadvantaged by more fire in
future, because it is one of a small suite of near-coastal
species (including Araucaria cunninghami and Grevillea
robusta) that colonises disturbed open ground (Bill
McDonald pers. comm.).
The Macpherson Range includes elevated plateaus
supporting rich basalt soil, and it is the most species-rich
refuge in the region, with a large fauna of Bassian species.
The Main Range is a northern extension supporting most
of the same species. But the ranges north of Brisbane
– the D’Aguilar Range, the Blackall Ranges, Conondale
Range, and far to the north, Kroombit Tops, support a
diminished subset of upland species. Of the two trees that
best characterise warm temperate rainforest, coachwood
(Ceratopetalum apetalum) occurs north of the Brisbane
River only on the D’Aguilar Range and Kroombit Tops,
and yellow sassafras (Doryphora sassafras) occurs only
on the Blackall and Conondale Ranges. These and other
idiosyncratic distribution patterns (for example that of
Callicoma serratifolia) suggest that survival north of the
Brisbane River was sometimes fortuitous, which means
that future losses might occur. Within every rainforest
refuge, including the Macpherson Range, there could be
some species living close to their climatic limits that could
decline and disappear, either from extreme droughts or
from shifts in competition.
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The dry rainforest communities should prove relatively
tolerant of lower rainfall and higher temperatures
because most of the constituent species have
distributions that extend further west to the Darling
Downs, where droughts are more severe. Many of
these plants, for example the bottle tree (Brachychiton
rupestris) and scrub boonaree (Alectryon diversifolius),
probably evolved west of the Great Dividing Range and
spread eastwards as Tertiary rainfall declined. Scrub
boonaree is plentiful in the Rosewood Scrub in Ipswich
but absent from the dry rainforests in western Brisbane, a
short distance further east.
The dry rainforests do, however, face a serious risk
from hotter fires (Lovelock et al. 2010). These will be
exacerbated where flammable weeds such as lantana
(Lantana camara), guinea grass (Megathyrsus maximus)
and molasses grass (Melinis minutiflora) have invaded the
edges. Many dry rainforest species (for example Mallotus
species) can sucker after a fire, but they do not tolerate
frequent grass fires. The dry rainforests have mostly been
damaged by partial clearing or other land uses, and dense
flammable weeds often grow around their margins. Climate
change will also alter competitive relationships between
dry rainforest species, to the possible disadvantage of
threatened species such as the endangered Corchorus
cunninghamii and vulnerable Sophora fraseri. Many
threatened plants in dry rainforest are, however,
understory species, which should benefit as rising CO2
increases their light use efficiency and decreases the light
compensation point of leaves (Korner 2009).
Rainforests and eucalypt forests in Southeast
Queensland face high risks from weed invasion mediated
by climate change. Most weeds are escaped garden
plants and Southeast Queensland has large numbers of
nurseries servicing a very large and growing population,
and an extensive interface between gardens and natural
areas. There are also strong development pressures
leading to high levels of disturbance of native vegetation
including changes to fire regimes, hydrology and nutrient
levels. Under a scenario of more extreme droughts, fires
or floods killing native plants, a wide range of weeds
could take their place. These include well entrenched
weeds such as lantana, cats-claw creeper (Macfadyena
unguis-cati) and Chinese elm (Celtis sinensis), and
‘sleeper’ weeds that could become more serious in
future, including hiptage (Hiptage benghalensis) and
kudzu (Pueraria montana).

The two trees that characterise warm temperate rainforest,
coachwood (Ceratopetalum apetalum, top) and yellow sassafras
(Doryphora sassafras, below), have idiosyncratic distributions
north of the Brisbane River suggesting fortuitous survival in
response to increasing Pleistocene aridity.
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The wallum vegetation of coastal sand masses is very
diverse, with most of its constituent heathland species
not found north of Fraser Island. Immediately north of
the island rainfall declines and temperatures rise, and
sand deposits are small and widely spaced, creating
uncertainty about whether distributions are limited by
climate or lack of sand. Smaller sandmasses on the
Central Queensland Coast support only a limited subset
of wallum species, including two disjunct freshwater
fish (Pseudomugil mellis, Rhadinocentrus ornatus), each

6. Bioregional reviews
confined in that bioregion to a different small wetland
(Allen et al. 2002), suggesting that survival north of
Fraser Island has been fortuitous. The absence of most
wallum species from these sandmasses may indicate
an unsuitable climate or, alternatively, that the climate
during the arid Last Glacial Maximum became unsuitable.
Some animals found from Fraser Island southwards
are patchily distributed, and their absence from some
apparently suitable locations (see Table 28) suggests
that glacial aridity has influenced current distributions.

Wallum heathlands are confined to Southeast Queensland, but
many of their constituent species occur much further north or
west. Swamp banksia (Banksia robur), shown here on Fraser
island (on the left), grows as far north as Cape York Peninsula.
Photo DERM

In an experiment, Groves (1978) found that saw banksia
(Banksia serrata), which reaches its northern limit at Fraser
Island, grew almost twice as tall at 33 °C by day (and 28 °C
by night) than at 21 °C. Wallum banksia (B. aemula) also
grew better under the hot regime (Groves 1978). Griffith
et al. (2004; Griffith et al. 2008), studying wallum in
northern New South Wales, found that seedlings of two
wet heath plants (Leptospermum liversidgei, Banksia
ericifolia) thrived when transplanted into dry heath,
growing faster and flowering earlier than when they were
planted into their ‘preferred’ habitat. They suggested that
fire rather than soil moisture limits these plants. These
experiments suggest that some wallum plants are very
adaptable. Species in wallum that extend to northern
or inland Queensland, for example Baeckea frutescens,
Banksia robur, Boronia occidentalis, Calytrix tetragona,
Leucopogon leptospermoides, Monotoca scoparia, may
gain competitive advantages within wallum locations
under climate change. Many shifts in dominance are
likely, with many species contracting to sites where soil
moisture remains reliable. Serious declines could occur if
wet years are followed by hot droughts with intense fires;
wallum is ‘highly flammable’ (Griffith et al. 2004). Fraser
Island and Cooloola – the largest wallum systems, with
dunes reaching nearly 300 m altitude and lakes above
100 m – have served as the main refugia during past

climate change, judging by the high diversity of species
and the presence of endemic vertebrates (Coggeria,
Ramphotyphlops silvia) and disjunct rainforest plants (for
example giant fern Angiopteris evecta), and seem likely
to remain important refugia in the future. Of the smaller
wallum locations, North Stradbroke Island is especially
rich in plant species, suggesting it also has refugial status.

In the southern half of Queensland, giant fern (Angiopteris evecta)
is known only from Fraser Island (illustrated), the Mooloolah
River, Carnarvon Gorge and Eungella National Park, indicating
a distribution that was much wider during the Tertiary when
Queensland was wetter. It needs a highly reliable water supply
and high humidity to sustain its enormous fronds. Photo: DERM

The dominant eucalypts in wallum (for example Corymbia
gummifera, C. intermedia, E. pilularis, E. planchoniana,
E. racemosa, E. robusta) and brush box (Lophostemon
confertus) grow as stunted mallees (small multi-stemmed
trees) where soil moisture, drainage and fire are
unfavourable (Walker et al. 1987). Griffith et al. (2008)
distinguished tree mallees from the considerably more
stunted shrub mallees found on very harsh sites. If
climate change greatly reduces water availability, wallum
eucalypts might survive by increasingly adopting a low
mallee form, as may have occurred during the Last Glacial
Maximum. Harsh sites that currently support shrub
mallees could lose their eucalypt cover.
The survival prospects for plants restricted to acid volcanic
peaks will vary, with some possibly close to their climatic
limits, depending on which past climatic period they
evolved in. The exposed rocky peaks offer a wide range of
climatic envelopes in close proximity, facilitating survival
through climatic fluctuations. Species in northern genera
(Arundinella, Micraira, Pseudanthus) presumably have
better survival prospects than those in southern (Bassian)
genera (Bauera, Coopernookia, Derwentia, Epacris).
Sea levels in Moreton Bay have been rising, but at only
1 mm a year compared to the global average of 3 mm
per year (Lovelock et al. 2010). In a detailed analysis of
Climate Change and Queensland Biodiversity
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climate change threats to mangroves, Lovelock et al.
(2010) reached the following conclusions:
‘Overall our analysis leads us to predict that the total
area of mangrove forest in South East Queensland
is likely to increase with sea level rise, particularly
as sedimentation, elevated CO2, enhanced rainfall
and nutrient enrichment have a positive influence on
mangrove growth at the expense of salt marsh and
other adjacent habitats. Losses in mangrove area
may occur if high temperatures and aridity depress
mangrove productivity, if sediment delivery is reduced
and if wave energy (erosive forces) or storm frequency
and intensity increase.’
An increase in mangroves is possible because there
are large areas of saltmarsh in Southeast Queensland
available for colonisation (Lovelock et al. 2010). But built
structures will limit landward movement of saltmarshes,
resulting in them ‘being “squeezed” between mangroves
and the built environment’ (Lovelock et al. 2010). Recent
saltmarsh decline has occurred in Moreton Bay, which
Eslami-Andargoli et al. (2009) attributed to aboveaverage rainfall years facilitating mangrove seedling
establishment by reducing substrate salinity (see section
4.4). The conclusion that mangrove areas will expand
assumes that large barriers are not built to prevent
ingress of seawater. Where saltmarshes do expand, it will
often be at the expense of adjacent paperbark wetlands.
But many wetlands have been reclaimed, limiting the
potential for saltmarsh landward migration.

6.13.4 Fauna
Some of Southeast Queensland’s upland vertebrates
and invertebrates appear to be very vulnerable to climate
change.

The endangered Kroombit tinkerfrog (Taudactylus pleione)
relies on little rivulets rather than substantial streams, which
places it at a high risk of extinction from the combined impacts
of drought and grubbing pigs. A related Taudactylus species
recently went extinct near Brisbane. Photo DERM
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Table 26 lists vertebrates with small total distributions
that are largely upland species. These species are mainly
found in rainforest, apart from the Hastings River mouse,
eastern bristlebird and whirring treefrog. The following
comments address those species that appear most
vulnerable.
Table 26. Restricted vertebrates mainly confined to high
altitudes
Hastings River mouse
(Pseudomys oralis)
Rufous scrub-bird (Atrichornis
rufescens)A
Eastern bristlebird (Dasyornis
brachypterus)
Albert’s lyrebird (Menura
alberti)
Skink (Coeranoscincus
reticulatus)A
Murray’s skink (Eulamprus
murrayi)
Tryon’s skink (E. tryoni)
Couper’s skink (Lampropholis
couperi)
Challenger’s skink
(Saproscincus challengeri)A
A

Gully skink (S. spectabilis)
Skink (Harrisoniascincus zia)
Marsupial frog (Assa
darlingtoni) A
Black-soled frog (Lechriodus
fletcheri) A
Whirring treefrog (Litoria
revelata) A
Red-and-yellow mountain
frog (Philoria kundagungan)
Masked mountain-frog (P.
loveridgei)
Fleay’s barred frog
(Mixophyes fleayi) A
Kroombit tinkerfrog
(Taudactylus pleione)

Recorded from lowland locations

The endangered Kroombit tinkerfrog is at a high risk
of extinction from the combined impacts of feral pigs,
amphibian chytrid fungus and climate change. Confined
to 12 discrete rainforest patches totalling 596ha (Harry
Hines pers. comm.), this frog has declined markedly since
its discovery at Kroombit Tops in the north of the bioregion
in the 1980s. Pigs, which only invaded its habitat about
10 years ago, feed and wallow within the seepages and
drainage lines it occupies (Harry Hines pers. comm.). A
wildfire in 1984 caused significant damage to several
of the small rainforest pockets it inhabits (Hines 2002).
Climate change will increase the risk of further damage
from hot fires. Droughts of greater intensity may decrease
seepage flows and food for the frogs and increase pig
wallowing and grubbing. Higher temperatures may directly
disadvantage the frogs.
Another frog at high risk from climate change is the
near threatened red-and-yellow mountain frog, which is
confined to small separated patches of rainforest over a
very small range extending from the Mistake Mountains
to the New South Wales border (Knowles et al. 2004).
The marsupial frog populations on the D’Aguilar Range,
Blackall Range and Conondale Range may be at risk from
extended hot droughts, unlike the populations south of
the Brisbane River, which are centred on larger areas of
high altitude habitat (Harry Hines pers. comm.). This frog,
like the black-soled frog and Fleay’s barred frog, occurs
down to 150 m altitude in the Currumbin and Tallebudgera
Valleys (Harry Hines pers. comm.), suggesting low
vulnerability to high temperatures in the absence of
drought. The small Fleay’s barred frog population in the
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Conondale Range could be vulnerable to extended drought
in combination with feral pigs degrading much of its
limited habitat (Hines 2002). This frog is endangered under
Queensland legislation, and feral pig damage to its habitat
in the Conondales has increased greatly in recent years
(Hines 2002). Hines believes there may be direct predation
by pigs, but the greatest effect is likely to be the impact
of increased silt on embryos and tadpoles. Streams in the
area now carry heavy silt loads which probably reduce the
availability of food for tadpoles and reduce their fitness
at metamorphosis. Pigs have recently damaged a site on
the Main Range used by Fleay’s barred frog (Hines 2002).
Pig damage on this range was unknown 20 years ago, but
has been observed in recent years at Spicers’ Gap, Mt
Mitchell and the Mistake Plateau (Steve Finlayson pers.
comm.). Pig disturbance can also benefit exotic crofton
weed (Ageratina adenophora) and mistflower (A. riparia),
which invade frog habitat. Currently feral pigs are largely
absent from the Macpherson Range, but this may change
(Harry Hines pers. comm.). Whether the increase in pig
impact on these Southeast Queensland frogs is the direct
result of climate change remains uncertain, but would be
consistent with wet years increasing pig populations and
drought years forcing them into new areas (Jim Mitchell
pers. comm.).

hystricosus, E. jagara E. monteithorum E. setosus) are
confined to upland streams and appear to face high
threats (Coughran and Furse 2010). The distributions
of these invertebrates under climate change have not
been modelled, but their small ranges suggest greater
vulnerability than some species in the Wet Tropics that
have attracted much attention, for example the golden
bowerbird. They can best be protected by managing fire
to prevent rainforest contraction. Pig control may also be
required in some locations.
But as in the Wet Tropics, ‘montane’ species are
sometimes found at low altitudes, creating uncertainty
about the role of temperature on their distribution (see
Table 27 and sections 5.2 and 6.8). The dung beetle
Onthophagus macrocephalus is confined to Antarctic
beech forest above 900 m, except for one lowland
population in wet sclerophyll forest near Landsborough
(Geoff Monteith pers. comm.) which has evidently survived
fortuitously since some cooler wetter Pleistocene period.
Droughts may have forced contraction into two well
separated populations.
Table 27. Mainly upland species with lowland populations

The endangered eastern bristlebird is threatened by fires
that burn too frequently or too infrequently (Garnett and
Crowley 2000). By increasing the fire risk, climate change
will reduce the period during which ecological burns can
be safely undertaken, making management for this bird
more difficult. A longer fire season will increase the risk of
wild fire destroying the eggs or young during the breeding
period of this tussock-nesting bird.
The skink Harrisoniascincus zia is confined to a rainforests
and Antarctic beech forests ‘subject to low temperatures
and high rainfall’ (Wilson 2005), suggesting high
vulnerability. Tryon’s skink is also highly vulnerable
because of its very small distribution on the Lamington
Plateau (Wilson 2005). The Oakview leaftail (Phyllurus
kabikabi) has an extremely small range (but not at high
altitudes), suggesting that extreme droughts or fire could
pose serious threats.
The number of high altitude invertebrates vulnerable
to climate change is far higher than the number of
susceptible vertebrates. For example eight dung beetles
are found in the bioregion only above about 900 m (Geoff
Monteith pers. comm.), including two species (Lepanus
storeyi, L. glaber) confined to altitudes above 1000 m on
Lamington and Springbrook plateaus. Two (Amphistomus
cunninghamensis, A. macphersonenesis) are Border
Ranges endemics while others are northern outliers of
species otherwise found in the southern states. Mount
Glorious has a flightless dung beetle (Amphistomus
montanus) confined to a very small area; it is absent from
rainforest at slightly lower altitudes on nearby Mount
Nebo (Low 2009a). Kroombit Tops has a primitive carab
beetle (Pamborus monteithi). Several crayfish (Euastacus

A

Species

Lowland populations

Skink
(Coeranoscincus reticulatus)

Cooloola, Fraser Island

Skink
(Ophioscincus truncatus)

Noosa, Stradbroke Island,
Moreton Island

Challenger’s skink
(Saproscincus challengeri)

Beenleigh, Stott Island

Skink (Saproscincus rosei)

Mooloolah, Pomona,
Palmwoods

Tiger snake
(Notechis scutatus)

Sunshine Coast, Stradbroke
Island

Marsupial frog
(Assa darlingtoni)

Currumbin Creek (140 m)A

Black-soled frog (Lechriodus
fletcheri)

Currumbin Creek (140 m)A

Whirring treefrog (Litoria
revelata)

Numinbah Valley A, Ballina

Fleay’s barred frog
(Mixophyes fleayi)

Currumbin Creek (140 m)A

Dung beetle (Onthophagus
macrocephalus)

Landsborough

Harry Hines (pers. comm.)

Most of the rainforest mammals and birds found in
Southeast Queensland occur in lowland areas or once did
so (see Jack 1963), and it is lack of lowland rainforest rather
than climate that confines them to mountains today. This
suggests low vulnerability to rising temperatures, at least for
the populations found in mountains. The same conclusion
applies to many rainforest reptiles and frogs found over a
range of altitudes, for example Egernia major, Hypsilurus
spinipes, Hoplocephalus stephensii, Tropidechis carinatus,
Litoria chloris, L. pearsoniana, Mixophyes iteratus.
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Droughts of unprecedented severity could seriously threaten
some rainforest species with small distributions that are
not confined to high altitudes, for example the endangered
Nangur spiny skink (Nangura spinosa) and near threatened
elf skink (Eroticoscincus graciloides). These lizards could
suffer from reduced insect availability and drier ground.

Many snails, including the giant panda snail (Hedleyella
falconeri), are mainly or entirely confined to high altitudes in
Southeast Queensland, and may face high risks from extreme
droughts and rising temperatures. Photo: Queensland Museum

Some reptiles have recently declined on mountain ranges
near Brisbane (Low 2009a). On Mt Glorious and Mt Nebo
in the D’Aguilar Range, Steve K. Wilson (pers. comm.)
has noted a recent substantial drop in numbers of land
mullets (Egernia major), Murray’s skinks (Eulamprus
murrayi), and cascade treefrogs (Litoria pearsoniana). On
the Blackall and Conondale Ranges, Greg Czechura (pers.
comm.) has noted declines of the same species, and also
gully skink (Saproscincus rosei). Extended drought in
the 1990s may be the cause (Low 2009a). Land mullets
have high temperature tolerances, often basking in the
sun until it reaches 35 °C (Klingenbock et al. 2000), but
they eat large amounts of fungi, which would be rarer
during dry years. Land mullets and cascade treefrogs
occur across a range of altitudes, as noted above,
suggesting limited vulnerability of montane populations
to rising temperatures. Drier periods of increasing
severity could cause contractions of many species to the
wettest locations. Couper’s skink, which has not suffered
declines at these locations (Steve K. Wilson pers. comm.,
Greg Czechura pers. comm), appears to face a low risk
from climate change.

Murray’s skink (Eulamprus murrayi) is one of several reptiles in
apparent decline at high altitudes in the D’Aguilar, Conondale
and Blackall Ranges, perhaps because of extended drought.
Photo: DERM
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Droughts and rising temperatures could seriously threaten
populations of mountain galaxias (Galaxias olidus) found
in elevated sections of streams flowing west from the Main
Range. Galaxias (Galaxias species) are cold climate fish
with southern distributions, and only this species reaches
Queensland, where its colonisation of mountain streams as
far north as Dalrymple Ck, Goomburra, must have occurred
during a cold glacial period. In the New England Tableland
bioregion, furthers south, it is confined to the upper reaches
of one stream. In southern Australia it is the only native
fish found in alpine areas above the snowline in winter
(Lintermanns 2009).
The wallum communities on coastal sand support a
number of vertebrates of limited distribution that extend
north to Fraser Island. Some have patchy distributions
(see Table 28), suggesting past susceptibility to droughts
or possibly fires. Fraser Island and Cooloola support more
species than other wallum areas, including two endemic
reptiles: the satinay sand skink (Coggeria naufragus), in its
own genus, and the Cooloola blind snake (Ramphotyphlops
silvia). Further south, the burrowing skink Ophioscincus
truncatus is found at Noosa, Moreton and Stradbroke
Island, and in the ‘rich heavy soils’ of montane rainforest
(Wilson 2005). The climatic buffering provided by deep sand
with perched water tables could explain how these reptiles
survived the climatic cycles of the Pleistocene, and should
help them survive future climate change. Three frogs (Litoria
cooloolensis, L. freycineti, L. olongburensis) that reach their
northern limits on Fraser Island could decline from lower
rainfall and higher temperatures, although one of them,
the wallum rocket frog (L. freycineti) was found to have an
exceptionally high critical thermal maximum of 38.2 °C
(Johnson 1971), implying high temperature tolerances.
Table 28. Wallum animals with disjunct distributions
Species

Distribution

Southern emu-wren
(Stipiturus
malachurus)

Cooloola; Fraser Island; northern NSW;
absent between Noosa and Brunswick
Heads; a poor flier

Brush bronzewing
(Phaps elegans)

Cooloola, Fraser Island, northern NSW;
absent from the Sunshine Coast and
islands of Moreton Bay

Ground parrot
(Pezoporus wallicus)

Cooloola, Fraser Island, Sunshine Coast
but not the islands of Moreton Bay

Cooloola sedgefrog
(Litoria cooloolensis)

Fraser Island, Cooloola, North Stradbroke
Island; absent from Moreton Island and
the Sunshine Coast

Oxleyan pygmy
perch (Nannoperca
oxleyana)

present in some wallum wetlands
between Fraser Island and northern NSW

Honey blue-eye
(Pseudomugil mellis)

present in some wallum wetlands
between Fraser Island and northern NSW
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The vulnerable ground parrot (Pezoporus wallicus)
could be threatened by a higher fire risk in its coastal
wallum habitat. Unsuitable fire regimes pose the main
threat to this species (Garnett and Crowley 2000).
Fire management provides the main opportunity to
minimise climate change impacts in wallum systems. The
vegetation is highly flammable, sometimes burning twice
in less than four years (Griffith et al. 2004). McFarland
(1994) found that brush bronzewings only used
heathlands burnt 2–10.5 years previously, and southern
emu-wrens occurred mainly in heathlands unburnt for
6–8 years. These birds are absent from large areas of
wallum (see Table 28) perhaps because of unfavourable
fire regimes in the past, although severe Holocene
droughts provide an alternative explanation.
The Australian fritillary (Argyreus hyperbius inconstans),
an endangered butterfly that breeds in coastal paperbark
swamps, is threatened by sea level rise and possibly by
severe droughts.
More severe droughts and declining food quality from
rising CO2 levels will contribute to ongoing declines
in koala (Phascolarctos cinerea) and greater glider
(Schoinobates volans) numbers (see section 3.6). Foliage
feeding animals will benefit if forests growing on fertile
soil are prioritised for their conservation (see section 7).
Rising temperatures will benefit exotic fish in
Southeastern waters. Most aquarium fish prefer high
temperatures, and several escaped species present in
the bioregion are probably limited in numbers by cool
temperatures (Damien Burrows pers.comm.).

6.13.5 Management
Fire management, weed management, pig control
and pollinator conservation will become increasingly
important in this bioregion.
Rising temperatures, longer dry seasons and longer
droughts will increase the fire risk to rainforest, wallum
and eucalypt forest species, justifying more investment
in fire management, including better understanding
of fire regimes that will maximise biodiversity survival
under future climates. Exotic grasses greatly increase
fire risk, and should be kept out of conservation areas
as a very high priority. Lantana and other weeds should
also be controlled where they increase fire risk to
sensitive habitats.
Pig damage has recently increased at three upland sites
where rainforest species are also threatened by climate
change. At Kroombit Tops more investment is needed in
feral pig control and fire management to reduce the risk
of extinction of the endangered Kroombit tinkerfrog. The
pigs are difficult to trap or poison and effective control is
contingent on better information about their movements
and susceptibility to different control methods. More
control is also needed in the Conondale Range to protect
upland rainforest frogs from pig grubbing, which has

greatly increased in recent years (Hines 2002). Pig control
may also be needed in the Main Range, where a site used
by the endangered Fleay’s barred frog has been damaged
(Hines 2002), and may be required in the future in the
Macpherson Range if pig numbers increase.
Rainforests and eucalypt forests face high risks from
weed invasions worsened by climate change. Because
most weeds are escaped garden plants (Groves 1998),
more community education, nursery liaison and
restrictions on risky species are needed, to reduce the
number of weedy plants sold and grown. National park
rangers and rural residents should be alert to new garden
escapes. More investment is needed to eradicate or
contain high risk species in the early stages of spread.
Rural residential land management will greatly influence
conservation outcomes in Southeast Queensland
because many private properties adjoin natural habitats,
including areas sensitive to climate change. The escape
of weedy garden plants and fires from lifestyle blocks
needs to be prevented by better education, by promoting
conservation agreements and by local councils providing
extension services and using their powers to declare
weeds locally. Subdivisions near bushland should
maintain large allotment sizes to minimise the number of
locations from which weeds and fires can escape.
Rising seas will eventually threaten common paperbarks
(Melaleuca quinquenervia), a key winter-spring nectar
source for flying foxes (Booth and Low 2005) and
probably for other regionally significant vertebrate
pollinators. Paperbarks may also be seriously threatened
by eualyptus rust (Puccinia psidii) (see sections 4.1
and 7). Paperbarks and other winter-spring nectar trees
(for example Eucalyptus tereticornis) should be planted
on suitable degraded lands to meet the combined
goals of habitat restoration, carbon sequestration and
pollinator conservation. Development around coastal
wetlands should be restricted to ensure they can migrate
upslope in response to rising sea levels.
In eucalypt forests the spread of noisy miners should be
discouraged by minimising clearing, grazing, logging, and
fires that destroy the shrub layer (see section 3.8).
Forests growing on fertile soils should be prioritised for
conservation of koalas, greater gliders and other foliagefeeding animals.
Upland rainforests are recognised as important climatic
refugia, and the Great Sandy Region, which includes
Fraser Island and Cooloola, should receive similar
recognition, because of the high species diversity and
presence of species with relict distributions (for example
Angiopteris evecta, Lindsaea repens, Coeranoscincus
reticulatus, Coggeria naufragus). Acid volcanic peaks
also warrant recognition as important plant refugia.
Under the SEQ Regional Plan Climate Change Program,
proposed Action 16 is to ‘Prepare and implement local
adaptation strategies to mitigate the impact of climate
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change on natural ecosystems in SEQ to ensure the longterm survival of SEQ’s significant biodiversity values’.
To assist Southeast Queensland councils to draw on
research when preparing adaptation strategies, a review

6.14

of existing research will be undertaken in 2011. SEQ
Councils will then prepare local adaptation strategies
including climate change and biodiversity strategies in
conjunction with other relevant initiatives.

New England Tableland

The granite outcrops in the Granite Belt have many climatic implications. They increase run off to plants, provide some fire protection,
and offer cool shaded recesses. Photo: Tim Low

he outstanding feature of this bioregion is the
Granite Belt, an elevated rocky plateau that has
long served as a refuge for plants and animals.
Under climate change it will continue to serve as a
major refuge, but the very high plant diversity, and large
number of species at their northern limits of distribution,
suggests that many declines will occur. Ecologically
sensitive fire management provides the best opportunity
to minimise species losses, but further research into
appropriate fire regimes is needed.

T

6.14.1 Climate change
Temperatures are projected to increase by about 3.2 °C
by 2070, with an increase of up to 4.5 °C considered
possible. These figures, and those for rainfall, are based
on projections developed for the Eastern Downs region, a
much larger area, so are only indicative.
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Future rainfall is more difficult to predict. The best estimate
outcome is for a decrease of 9%, but the model estimates
range from a decrease of 32% to an increase of 16%.
Fire risk is likely to increase, from higher temperatures
and larger droughts.

6.14.2 Biogeography
The New England Tableland bioregion in Queensland
forms part of two nationally recognised bioregions that
occur mainly in New South Wales: the New England
Tableland and Nandewar. The Queensland sections of
these two bioregions are known as the ‘Granite Belt’ and
‘Traprock Country’ respectively. These names are used
here and the term ‘New England Tableland’ reserved for
the larger interstate biogeographic region. The Granite
Belt, which has more species than the sedimentary
Traprock Country, is discussed first.
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The elevated Granite Belt, much of which is above 800 m
(Young 1999b), is Queensland’s coldest region and
forms the northern limit for large numbers of animals and
plants with temperate distributions Table 29). Some of
these species are widespread in Southeastern Australia,
for example superb lyrebird (Menura novaehollandiae),
common wombat (Vombatus ursinus), snow gum
(Eucalyptus pauciflora), and juniper grevillea (Grevillea
juniperina); while others are endemic to the New England
Tableland, with its distinctive granite geology. Several
plants are endemic to the Queensland Granite Belt, and
many others that are otherwise confined in Queensland
to the Granite Belt are represented by small outlying
populations on the acid volcanic peaks of the Scenic Rim
where the substrate is similar (for example Acacia adunca,
Eucalyptus youmanii, Leucopogon melaleucoides).
Table 29. Examples of species that reach their northern limits in
the Granite Belt
Common wombat (Vombatus ursinusA (formerly also Killarney)
Superb lyrebird (Menura novaehollandiae)A
Red-throated skink (Acritoscincus platynotum)
White’s skink (Liopholis whitii)
Alpine water skink (Eulamprus kosciuskoi)A
Lesueur’s velvet gecko (Oedura lesueuerii)
Bell’s turtle (Wollumbinia bellii)A
New England treefrog (Litoria subglandulosa)A
New England crayfish (Euastacus suttonii)A
Giant dragonfly (Petalura gigantea)A
Wallangarra wattle (Acacia adunca) (also Mt Maroon)
Granite boronia (Boronia granitica)

New England crayfish, and various plants. Two vertebrate
genera now reach their northern limit around Girraween:
Acritoscincus and Vombatus. Girraween and adjoining lands
also host endemic plants: Boronia amabilis, Caladenia
atroclavia, Homoranthus papillatus, Phebalium whitei.
A significant number of species that reach their northern
limits around Girraween are represented there by outlying
populations. Swamp daisy bush (Olearia glandulosa) is
otherwise confined to moist heathland in southern NSW.
The guinea flower Hibbertia elata has its main population
in the Mudgee - Rylstone - Merriwa district of central New
South Wales. Mountain swamp gum, Bell’s turtle, alpine
water skink, and river blackfish (Gadopsis marmoratus)
are found on the southern New England Tableland but are
absent from its northern reaches except for populations
centred on Girraween (the blackfish extends to the
Main Range in Southeast Queensland). These species
must have once occurred continuously from Girraween
to regions further south, but intermediate populations
have disappeared.
High water availability appears to be a major reason for
high diversity in Girraween. The park headquarters on the
drier western side of the park receives an average 850 mm
annual rainfall compared to 766 mm in Stanthorpe, and
1076 mm on Mt Sugarloaf, north east of Girraween (records
are not available from the wetter eastern part of the park)
(McDonald et al. 1995). Indicators of reliable water are
a small number of rainforest plants found in sheltered
locations in Girraween but not elsewhere in the Granite
Belt (for example tree fern Cyathea australis and sweet
pittosporum Pittosporum undulatum).

Broad-leaved bitter-pea (Daviesia latifolia)
Mountain swamp gum (Eucalyptus camphora) A
New England peppermint (E. nova-anglica) (also Killarney)
Snow gum (E. pauciflora)
Mountain orange gum (E. prava)
Youman’s stringybark (E. youmanii) (also Hellhole Gorge in
Main Range)
Juniper grevillea (Grevillea juniperina)
Small-fruited hakea (Hakea macrocarpa)
Narrow-leaved paperbark (Melaleuca alternifolia)
Alpine bottlebrush (M. pityoides)
Swamp daisy bush (Olearia glandulosa)A
Dorrigo pepper (Tasmannia stipitata)
A
Species confined to the vicinity of Girraween National Park.
Where species have small outlying populations just north or
north-east of the bioregion these are mentioned.

Girraween National Park and adjoining lands are far richer
in species than most forest remnants in the Granite Belt
(McDonald et al. 1995), supporting more species at their
northern limits than any other part of the New England
bioregion. Species confined in Queensland to Girraween
and nearby private lands include the common wombat,
Bell’s turtle, alpine water skink, New England treefrog,

The high granite slopes in Girraween National Park attract rain
which is channeled downslope, resulting in far more water to
downslope plants than regional rainfall figures would suggest. The
granite also provides cooler temperatures in shaded locations, and
hotter temperatures on north-facing slopes. Photo: DERM

A majority of the disjunct species are strongly associated
with water. They include a fish, a turtle, a water skink, and
two plants with ‘swamp’ in their names. Other waterassociated species confined in Queensland to Girraween
include a frog, a crayfish and a dragonfly (see Table 29).
The relatively flat New England Tableland features many
swamps and wet heaths, and Girraween has become a
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major refuge for species that depend on these. Located
on the wetter eastern edge of the New England Tableland,
the high granite inselbergs of Girraween attract much
orographic rain. Runoff from these greatly increases water
availability in some down-slope habitats. Broad-leaved
bitter-pea (Daviesia latifolia), which ranges from Tasmania
to Girraween, is an example of a plant that appears to be
limited within the Granite Belt by rainfall. It is common
around the national park headquarters but absent from
Stanthorpe, which has similar temperatures (see below)
but is drier. It grows in locations receiving no fire protection
or runoff from outcrops, which differ from the rest of the
Granite Belt only in receiving more rain.
The inselbergs and vast granite pavements in Girraween
provide considerable protection from fire, which also
contributes to the high diversity. Although intense fires
burn through most of the park, their reach is often limited
by granite. The endangered shrub Kardomia granitica,
endemic to the Granite Belt, grows at only a few sites
protected from most fires by extensive granite barriers
(Holmes and Holmes 2009). Holmes and Holmes noted
that various threatened Boronia species grow ‘where there
is an intermediate exposure to fire effects’. The presence
of rainforest plants in the central section of the park
rather than the wetter eastern section signifies greater fire
protection as well as high runoff from inselbergs.

Boronia amabilis is a near threatened plant that does best with
an intermediate fire regime. It grows close to granite outcrops
that provide some fire protection. Photo: Tim Low

Granite barriers prevent some fires reaching some areas
but not others, depending upon fire size and wind,
resulting in varying fire regimes across the Granite
Belt and suitable habitat for a diversity of species. Fire
incidence in Australia increased during the Tertiary
as rainfall declined and climatic variability increased.
Girraween and other rocky areas may thus be refugia for
fire-sensitive plants that millions of years ago grew more
widely. Three biologists interviewed about rare plants in
the Granite Belt all emphasised the importance of fire
in limiting where rare plants grow (Paul Donatiu pers.
comm., Glenn Holmes pers. comm., Michael Mathieson
pers. comm.), and Sparshott (2007) listed inappropriate
fire regimes as the main threat to most rare plants
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in Girraween. As most of the rare plants benefit from
occasional hot fires that promote seedling regeneration,
the role served by granite barriers is to reduce the
frequency of fires rather than to exclude them completely.
For some reptiles, the protection afforded by rock crevices
explains why northern limits are sometimes reached
in the Granite Belt. Lesueur’s velvet gecko (Oedura
lesueuerii) is a common rock-dwelling lizard that extends
from the Hawkesbury Sandstone belt surrounding Sydney
to the Granite Belt of Queensland. Rock crevices protect
reptiles from predators and also from climatic extremes.
Temperature plays a significant role in explaining why
many species reach their northern limits in the elevated
Granite Belt, but does not seem important in explaining
why Girraween is especially species rich. Mean daily
winter temperatures range from 3 °C to 15 °C at the
national park headquarters (McDonald et al. 1995)
compared to 1 to 16 °C in Stanthorpe (Sparshott 2007).
Many of the park’s significant species can be found at the
altitude of the park headquarters (for example common
wombat, superb lyrebird, Bell’s turtle), although some are
confined to high slopes, where low mean temperatures
may be important (for example Wallangarra white gum).
The alpine water skink has a preferred body temperature
of about 30 °C and a critical thermal limit (fatal
temperature) of 40.2 °C (Bennett and John-Alder 1986),
suggesting that temperatures are not the reason for its
limited distribution. But a cool climate fish, the mountain
galaxias (Galaxias olidus) is found in the bioregion only
in Girraween, upstream of Dr Roberts Waterhole, probably
because it requires cool, well-oxygenated water (Rod
Hobson pers. comm.). It is the only one of 14 Galaxias
species in Australia to occur as far north as Queensland;
further south its habitat includes tarns surrounded by
snow in winter (Allen et al. 2002).
DNA work on Bell’s turtle indicates little difference
between the Girraween population and the nearest
population in the Namoi River in New South Wales,
implying recent separation. Darren Fielder (pers. comm.)
suspects the populations were continuous during the
early Holocene, when the climate was wetter. For species
with large disjunctions, such as the swamp daisy and
wrinkled kerrawang, the populations may have become
separated during late Pliocene or early Pleistocene dry
periods, reinforcing the significance of Girraween as a
long term refuge.
Small concentrations of rare plants can be found at other
sites in the bioregion where large elevated outcrops of
granite occur, notably Paesschendaele State Forest, the
Ballandean area, and Mt Jibbinbar (Holmes and Holmes
2009). The latter is a granite outlier in Sundown National
Park in the Traprock Country. All of these locations form
part of elevated corridors of forested land connected to
Girraween (Holmes and Holmes 2009).
The Traprock Country is not as rich in species as the
Granite Belt, and does not feature many endemic species
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or species at their northern limits. It is lower in elevation,
drier, and has few rocky slopes to increase runoff or protect
plants from fire. It does, however, support a small number
of plant species with very limited distributions, most
notably the endemic Durikai mallee (Eucalyptus infera),
confined to the Herries Range. It is the northern limit of
distribution for the Granite Belt thick-tailed gecko, and
the northern limit of regular breeding of the endangered
regent honeyeater (Anthochaera phrygia), both of which
may contract southwards. It supports a high diversity of
nectivorous birds when eucalypts flower.
The earth is currently in a warm interglacial, following cold
conditions that prevailed for most of the Pleistocene. If, as
expected, a glacial climate returns, many of the plants and
animals presently confined to the Granite Belt will recolonise
the southern Brigalow Belt, Southeast Queensland and the
Traprock Country. Some plants confined in Queensland
mainly to the Granite Belt have small outlying populations
further north, showing that their distributions were larger
when the climate was cooler (Table 30). The varying
locations of the outlying populations suggest that survival
of some of these populations has been fortuitous and may
prove short-lived. The fossil record shows that wombats
(Vombatus species) during the colder Pleistocene occurred
west of Warwick (Price et al. 2009), a location that could
become wombat habitat again in future. The Granite Belt
thus represents an important refuge for ‘ice age’ species.
The distribution patterns of various plants indicate the
importance of the New England Tableland as a refuge.

Olearia gravis

Swamp daisy bush (Olearia glandulosa)

Greenhood orchid (Pterostylis woollsii)
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Table 30. Granite Belt plants with small outlying populations
further north
Plant

Outlying Populations

Acacia granitica

Crow’s Nest and Plunkett
(near Beenleigh)

Exocarpos strictus

D’Aguilar Range

Olearia gravis

Near Biggenden and Monto

Prostanthera saxicola

Wandoan

Pterostylis woollsii

Carnarvon Range

6.14.3 Vegetation
The trees that dominate regional ecosystems in the
bioregion (Young 1999) are tentatively assessed here
for their climatic vulnerabilities (Table 31). A very large
number of eucalypts reach their northern limits within or
near the bioregion, implying that substantial changes in
forest composition could occur, although some of these
species, which are all listed here as highly vulnerable,
do grow in significantly warmer and drier environments,
suggesting considerable adaptability. Stanthorpe, on
the Granite Belt, is only 50 km south of Warwick, but
because the latter is 300 m lower in altitude, annual
maximum temperatures are 3 °C higher and rainfall is
more than 100 mm less. Blakely’s red gum (E. blakelyi)
is found at Warwick, and white box (E. albens), Caley’s
ironbark (E. caleyi) and tumbledown gum (E. dealbata)
occur in woodlands 80 km further west at Inglewood,
which is drier than Warwick, implying that these four
species may tolerate considerable climate change on the
Granite Belt. But they could be strongly disadvantaged by
competition from species with greater drought resistance
and higher temperature optima for photosynthesis.
Narrow-leafed ironbark (E. crebra) and silver-leaved
ironbark (E. melanophloia), which both grow in the
tropics, are associates of white box and tumbledown gum
(in Regional ecosystems 13.11.4 and 13.11.3 respectively),
and may increasingly displace them, especially from
the Traprock Country. Within Girraween, white box and
tumbledown gum grow mainly on dry northern slopes
in the drier western section of the park (MacDonald et
al. 1995), but they may spread further east, displacing
more mesic species. Black cypress (Callitris endlicheri)
is another species of drier sites that could spread further
east. Recent drought caused partial crown dieback
of orange gums (E. prava) and Youman’s stringybark
(E. youmanii), and past droughts have killed these
species near Armidale (Gethin Morgan pers. comm.).
Orange gums are an important source of lerp for Granite
Belt birds. Where shallow soil overlies granite, some
eucalypts (for example orange gum) grow as stunted
trees, and these may prove very susceptible to worsening
droughts. The eucalypts most vulnerable to climate
change, judging by their very restricted distributions,
include Wallangarra white gum (E. scoparia), snow
gum (E. pauciflora), blue box (E. baueriana), grey gum
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(E. biturbinata), mallee ash (E. codonocarpa), narrowleaved peppermint (E. radiata) and mountain swamp
gum (E. camphora). But Wallangarra white gum, despite
an extremely restricted distribution, grows over an
altitudinal range of more than 200 m on Mt Norman, so
may prove resilient to some climate change (Michael
Mathieson pers. comm.). Shifts in tree composition seem
more likely in the Granite Belt than the Traprock country,
where diversity is much lower and fewer species grow
close to the edges of their ranges, or in shallow soil
overlying rock.
Table 31. Dominant trees in the Granite Belt and their potential
vulnerability to climate change
Low Vulnerability

High Vulnerability

Rough-barked apple
(Angophora floribunda)
Black cypress (Callitris
endlicheri)
River oak (Casuarina
cunninghamiana)
Spotted Gum (Corymbia
citriodora)
River red gum (Eucalyptus
camaldulensis)
Narrow-leafed ironbark
(E. crebra)
Red-ironbark (E. fibrosa)
Yellow box (E. melliodora)
Silver-leaved ironbark
(E. melanophloia)
Gum-topped box
(E. moluccana)
Queensland blue gum
(E. tereticornis)

White box (Eucalyptus
albens)
New England blackbutt
(E. andrewsii)
Tenterfield woollybutt
(E. banksii)
Blakely’s red gum (E. blakelyi)
Caley’s ironbark (E. caleyi)
New England stringybark
(E. caliginosa)
New England blackbutt
(E. campanulata)
Tumbledown gum
(E. dealbata)
Brown gum (E. deanei)
Silvertop stringybark
(E. laevopinea)
Manna gum (E. nobilis)
New England peppermint
(E. nova-anglica)
Orange gum (E. prava)
Wallangarra white gum
(E. scoparia)
Youmann’s stringybark
(E. youmanii)

Medium Vulnerability
Fuzzy box (Eucalyptus conica)
Red ironbark (E. sideroxylon)

Shrubs and herbs are very diverse in the Granite Belt
and a prominent component of the vegetation. They
include many species at their northern limits in or near
the Granite Belt, and others that extend much further
north, often into the tropics, or further west into the
central Brigalow Belt. A sample of these is tentatively
assessed for their vulnerability to climate change
in Table 32 based on their distributions. The rugged
topography of the Granite Belt (and especially Girraween)
should buffer shrubs from declining rainfall and higher
evapotranspiration, although many shifts of susceptible
species to wetter or cooler sites seem likely. Some plants
growing in shallow soil overlying granite may in future
need deeper soil that retains more water. Apparent
drought deaths of some endangered Kardomia granitica
were recently noted by Holmes and Holmes (2009).
Shrubs may increasingly replace trees that cannot
survive on shallow soil, and herbs will replace shrubs on
shallower soils. Some eastward shifts in range are likely.
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The drier western section of Girraween National Park is
characterised by shrubs scarce or absent elsewhere in
the park (including Cassinia quinquefaria, Dampiera
purpurea, Jacksonia scoparia, Melichrus urceolatus)
(McDonald et al. 1995), which may increase in dominance
under climate change at the expense of species confined
to the wetter areas within Girraween (for example
Acacia ruppii, Allocasuarina rupicola, Boronia amabilis,
Leionema ambiens). The shrubs that characterise the
drier section typically have distributions extending well to
the north and west in Queensland.
Table 32. Some shrubs of the New England Tableland and their
potential vulnerability to climate change
Low Vulnerability

High Vulnerability

Acacia ulicifolia
Actinotus helianthi
Cassinia quinquefaria
Choretrum candollei
Dampiera purpurea
Jacksonia scoparia
Leptospermum polygalifolium
Leucopogon muticus
Melichrus urceolatus
Mirbelia speciosa
Notelaea linearis
Persoonia cornifolia
Stackhousia viminea
Styphelia viridis

Acacia adunca
A. granitica
A. latisepala
A. ruppii
A. pubifolia
Allocasuarina rupicola
Boronia amabilis
Daviesia latifolia
Hakea microcarpa
Leionema ambiens.
Leucopogon melaleucoides
Melaleuca pallida
Melichrus procumbens

Very large hot fires could prove the greatest threat for
shrubs and smaller plants, especially rare species. The
geebung Persoonia daphnoides recently disappeared
from its one known site in Girraween after a hot fire
(Glenn Holmes pers. comm.); it is not known if this
species, which is endangered in New South Wales,
still survives in Queensland. A large fire in 2002 was
hot enough to kill orchid tubers in some Granite Belt
locations, with regeneration yet to occur (Paul Donatiu
pers. comm.). But fire regimes are very variable within the
Granite Belt, with some sites burning far too often, and
others far too rarely. An increasing fire risk under climate
change could prove beneficial at some sites.
Holmes and Holmes (2009) recently surveyed rare and
threatened plants in the Granite Belt and concluded that
many are declining because they no longer experience rare
hot fires (Glenn Holmes pers. comm.). Regular controlled
burns in Girraween National Park are seldom hot enough to

cross the granite barriers behind which most of them grow.
Some wildfires do occur in the park, every eight to ten
years (Sparshott 2007). McDonald et al. (1995) noted that
in the absence of fire, black cypress (Callitris endlicheri)
and slender tea-tree (Leptospermum brevipes) may form
dense thickets devoid of ground cover, shading out shrubs
and herbs, including rare species. Climate change could
benefit some rare plants by reducing cypress and teatree density and by increasing the number of fires that
breach granite barriers, especially in regions of the Granite
Belt where fires have been suppressed for decades. But
too many such fires would eliminate rare plants. Severe
drought in Girraween could be followed by very destructive
fires that burn the peat in heathy swamps (Paul Donatiu
pers. comm.).
The Traprock Country has a few rare plants that could be
vulnerable to climate change, including the endangered
Pomaderris coomingalensis and the vulnerable Macrozamia
conferta. The vulnerable Durikai mallee (E. infera), with its
mallee growth form, could prove resilient to climate change,
although it has a very small distribution.

6.14.4 Fauna
Many animals reach their northern limits in or near the
Granite Belt, but the high elevation and rugged topography
may buffer them against considerable climate change.
So large are the climatic differences between the Granite
Belt and adjoining lowlands that species confined to
the Granite Belt are not necessarily living close to their
climatic limits. Couper et al. (2008) proposed that the
Granite Belt leaftail gecko (Saltuarius wyberba), will
adjust better to rising temperatures than S. swaini, found
in rainforest further east, because it has experienced
greater selection pressure during past climatic events and
because ‘large outcrops of deeply cracked rocks provide
a stable habitat which provides considerable buffering
from thermal extremes’. These nocturnal lizards have deep
granite crevices to shelter in during heatwaves. A diurnal
lizard that shares their habitat, White’s skink (Liopholis
whitii), has a preferred foraging temperature of 34.1 °C
and a critical thermal maximum of 42.8 °C (Bennett and
John-Alder 1986); it is represented by a relict population
in western NSW, indicating a high tolerance for aridity
as well as heat. The near threatened Granite Belt thicktailed gecko (Nephrurus sphyrurus) occupies the Traprock
Country as well as the Granite Belt, implying that Granite
Belt populations should survive a hotter drier climate,
although Traprock populations may decline.
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The border thick-tailed gecko (Underwoodisaurus sphyrurus) has large fat stores in its tail to tide it through drought. Photo: Brett Taylor

But a 3.2 °C rise in temperature and 9% decline in rainfall
projected for 2070 can nonetheless be expected to impact
significantly on many species. The reptiles most likely to
decline may be those restricted to wetter areas, such as
Bell’s turtle, the alpine water skink and the red-throated
skink (Acritoscincus platynotum). The turtle is confined to
1.5 km of Bald Rock Creek, extending downstream from the
Girraween National Park campground, and a prolonged
drought that reduced food availability could jeopardise
its survival (Darren Fielder pers. comm.). McPhee’s skink
(Egernia mcpheei), found in the wetter eastern side of the
Granite Belt, may be displaced by the very similar tree
skink (E. striolata), which thrives on the drier western side
of the Granite Belt.
The only frog to reach its northern limits in the Granite
Belt, the vulnerable New England treefrog (Litoria
subglandulosa), may be highly susceptible to climate
change, given its very limited distribution in wet sites
in Girraween. The whistling treefrog (L. verreauxii) and
grey-bellied pobblebonk (Limnodynastes dumerilii) are
close to their northern limits within the bioregion, but are
widespread in the Granite Belt and more likely to contract
to wetter areas than to disappear completely.
The mountain galaxias may be exceptionally vulnerable
to an extreme hot drought, given its very limited habitat
and requirement for cool, well-oxygenated water. The
ash from hot fires could also pose a threat by increasing
water turbidity.
The only mammal confined in Queensland to the Granite
Belt is the common wombat, found in the vicinity of
Girraween. The Pleistocene fossil record shows that
several mammal species were lost from the bioregion
during past climate change. The Texas Caves in the
Traprock Country have produced fossils, about 55 000
old, of species that no longer occur in the vicinity,
including the southern brown bandicoot (Isoodon
obesulus), common pygmy-possum (Cercatretus
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nanus), a wombat (Vombatus ursinus?), and an extinct
antechinus (Antechinus puteus) (Price et al. 2009). The
nearest locations where the first two species still occur
are central New South Wales and Mt Barney (Southeast
Queensland bioregion) respectively. Common pygmypossums are associated today with banksia-rich
heathlands, wet sclerophyll forest or rainforest. Antarctic
ice cores indicate that temperatures around 55 000 years
ago were much colder than today, and the climate was
evidently drier, but rainfall was probably more reliable,
allowing for a more mesic vegetation community than
occurs there today (see section 2.2). Concerns have been
expressed about wombat numbers in Girraween, but
Michael Mathieson (pers. comm.) has found recent signs
of wombats from the northern to the southern boundary
of the park, suggesting good survival after the hot fire in
2002. A severe drought followed by intense fires would
probably pose the greatest threat.
The superb lyrebird is the one bird to reach its northern
limit in the bioregion. The small population in Sundown
National Park in the Traprock Country faces a questionable
future. They are probably very susceptible to hot fires
burning the damp gullies they use and to drought drying
out the leaf litter they forage in. But the presence of
lyrebirds in Sundown, which is much drier than Girraween,
suggests that the larger population around Girraween
should survive considerable climate change. Their
numbers currently seem healthy despite recent drought
and hot summers (Michael Mathieson pers. comm.).
The only population of southern emu-wrens (Stipiturus
malachurus) found in the bioregion disappeared after
the hot fire in Girraween in 2002 (Glenn Holmes pers.
comm.). This loss shows the potential of fires to cause
animal declines. Emu-wrens still occur in New South
Wales close to Girraween. The vulnerable spottedtailed quoll (Dasyurus maculatus maculatus) could be
threatened by larger fires.
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6.14.5 Management
Girraween National Park warrants recognition as one
of the major climatic refuges in southern Queensland.
Most of the significant plant and animal species found
on the Granite Belt occur within Girraween. Sparshott
(2007) noted 738 vascular plant species, and Holmes and
Holmes (2009) added another 14 species.
Fire management provides the main opportunity to
minimise the impacts of climate change in the bioregion.
Rising temperatures and lower rainfall will significantly
increase the risk of destructive wildfires. Fire regimes vary
greatly across the bioregion. Some forested areas around
Amiens have not burned for decades, and would benefit
from more fire, while Girraween has experienced regular
wildfires (Sparshott 2007) plus controlled burns. Some
private landholders burn each spring (Paul Donatiu pers.
comm.), while some do not burn at all. In Girraween,
planned burns are lit mainly during winter (Sparshott
2007), but these ‘cool’ fires are not ideal for regeneration,
benefiting only a subset of species. Inappropriate fire
regimes are well recognised as the main threat to rare
plants in the region (Sparshott 2007; Glenn Holmes pers.
comm.), and they also pose a threat to many animals.
But little is known about the responses to fire of many
species. Watson and Wardell-Johnson (2004) noted the
potential of frequent fires to disadvantage some plants
in Girraween. Optimal fire intervals and optimal fire
seasons should be more thoroughly investigated, and
more monitoring of plant responses to fires is needed.

Considerable research is needed. This information should
influence fire management within Girraween, and on
other lands within the bioregion. Good fire management
is important not only to retain rare shrubs, but to
minimise thickening by cypress pines and tea-trees,
which can suppress shrubs and herbs and reduce water
availability to rare eucalypts. More hot fires are required,
a least in some locations.
Many significant species are found on private lands
within the bioregion, and private landholders would
benefit from more advice and assistance with fire
management. Fires often spread from private lands
into Girraween and other reserves, so advice to private
landholders would benefit conservation on public lands.
The evidence that high water availability explains much of
the diversity in Girraween justifies a strong focus on water
conservation within the park. The draft management
plan for Girraween identifies water extraction for visitor
use as an issue that requires regular review. Most of the
significant species in the park are not affected by existing
water extraction, but Bell’s turtle could suffer during a
severe drought.
Control of pigs, goats and rabbits will assist plants to
survive climate change. Holmes and Holmes (2009)
identified rabbits as a problem in Girraween at the
only site in Queensland where the endangered shrub
Kardomia silvestris occurs. Goats are a serious concern
on Mt Jibbinbar.

Better fire management would benefit Bertya recurvata, an endangered shrub. This plant was growing surrounded by protective
boulders. Several Bertya species including this one have very small distributions, which may indicate a genus in decline under the
current climate, perhaps because of higher fire intensity and less rainfall regularity since the Tertiary. Photo: Tim Low
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A bird that has changed its distribution in recent decades, the crested pigeon (Ocyphaps lophotes) provides a snapshot of the
future. In the nineteenth century it was not found east of Goondiwindi in the Brigalow Belt, but now it occupies the edges of many
national parks east of the Great Dividing Range, having benefited, like many inland birds, from land clearing. The list of birds that
came east includes the galah (Eolophus roseicapillus), striped honeyeater (Plectorhyncha lanceolata), red-rumped parrot (Psephotus
haemotonotus) and double-barred finch (Taeniopygia bichenovii). Photo: Jon Norling

nvironmental managers will need to adjust their
tools and goals to the realities of climate change.
The bioregional summaries in the previous section
provide many region-specific recommendations, and this
section focuses instead on management and knowledge
issues that apply more widely.

E

Much has been made about the need to redefine
conservation goals because of climate change (Steffen et
al. 2009; Dunlop and Brown 2008). But for conservation
managers with wide experience there is much about the
future that will be familiar: droughts, fires, and declines
of some species and increases of others. Even the arrival
of new species will not be without precedent, since many
national parks in recent decades have been colonised
by additional species such as crested pigeons and
galahs benefiting from regional landscape changes (Low
2002). Thus, the approach here is to identify key gaps in
current thinking and actions, rather than to present a new
framework for management.
The recommendations are presented below in four
categories.
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New conceptual issues
• Conserve Climatic Spaces
• Consider Soil Attributes
• Conserve Pollinators
Shifts in management focus
• Recognise West-East Corridors
• Highlight Southwest Queensland
• Monitor increasing species
Increases in management focus
• Increase Protection of Refugia
• Increase Fire Management
• Increase Weed Control
• Increase Feral Animal Control
Research needs
• Study Vegetation Responses
• Study the Past
• Practise Foresighting

7. Management
As this section does not provide a comprehensive
framework, it does not properly address two management
interventions that have attracted much interest
elsewhere. Translocation (assisted migration) is not
advocated here because of the questions raised about
its rationale in section 5.3 and because it entails
significant risks (Mueller and Hellmann 2008; Ricciardi
and Simberloff 2009; Isaac 2010). Ricciardi and
Simberloff (2009) described it as ‘ecological roulette’
because of the pest problems it could create. The most
obvious candidate for translocation is the Bramble Bay
melomys (Melomys rubicola) (see section 6.4), but this
report recommends the creation of a captive breeding
colony instead. At the time of writing there are no other
Queensland species for which a case for immediate
translocation can be made, although this may change in
future decades. The claim that one Wet Tropics frog ‘may
go extinct’ with a 1 °C rise in temperature (Williams et al.
2003) has been retracted and this frog is now thought
to face a very low risk from climate change (Shoo et al.
2010). Genetic translocation (movement of individuals or
pollen within the existing range of a species) to increase
resilience to climate change operates from a stronger
rationale and poses much lower risks, but further
consideration of the general risks and specific benefits is
needed (Isaac 2011).

7.1

New conceptual
issues

7.1.1 Focus on climatic spaces
If one fundamental shift in thinking is warranted, it
may be a focus on the conservation of unusual climatic
spaces. The survival of some species will increasingly
depend on them using locations that are unusually cool,
wet, humid, or protected from fire. Such locations could
include the largest rock piles and logs, the deepest
accumulations of litter, and the shaded southern sides
of steep hills. The conservation of rare climatic spaces
should become an important management goal.
The prioritisation of unusual climatic spaces already
occurs although it is not defined as such. Environmental
managers place a high value on the protection of gorges,
caves, wet mountain summits, large hollow trees, and
locations with strong fire protection. But some unusual
climatic spaces do not receive much recognition, for
example thick beds of leaf litter, groves of trees casting
deep shade, rock piles, old sheds and mine shafts,
and hollows where cold air ponds. These locations
may become essential for various species, on different
time scales, ranging from exceptionally hot days to
permanently. Consideration should be given to these
when reserves are managed, for example when fires are
planned and infrastructure developed.

Land managers should give more consideration to the
climatic attributes of the reserves they manage. Locations
can be climatically significant for a variety of reasons:
• Large gradients of temperature and/or water
availability
• Unusually cool or wet conditions
• Temperatures decoupled from ambient temperatures
• Permanent moisture
• Permanent or near-permanent fire protection
Large gradients of temperature or moisture provide many
climatic choices in close proximity, allowing species
to track suitable climatic space over short distances.
Large gradients can be found on mountains and in other
topographically varied places (boulder piles, valleys,
caves), in thermally stratified waterholes, and in some
soil profiles. Some burrowing lizards can probably
maintain a consistent temperature and humidity range by
adjusting their depth.
Temperatures can be relatively stable in places that are
decoupled from ambient temperatures, such as gorges
that pond cool air (Dobrowski 2010), caves, lower water
layers in deep pools, and deep soil layers.
Places with unusual climatic features should be
prioritised in future reserve acquisition, selection of
offsets, investments in conservation agreements, and
management intervention. Silcock (2009) has mapped
all the permanent waterholes in the Lake Eyre Basin,
creating a valuable resource for the Channel Country.
In Brisbane, Low (2007) suggested that a map showing
steep, south-facing slopes would aid planning, a
recommendation that would apply more widely.
Other management interventions could include protecting
habitat continuity between northern and southern and
upper and lower slopes, locating national park facilities
away from special climatic spaces, restricting visitor
access to caves and southern slopes, and replanting
locations where trees will enhance climatic buffering.
Fire management should take into account the need to
conserve large dead trees, big logs, dense copses of
vegetation, and occasional beds of thick litter over deep
sand. Thermometers placed in strategic locations could
help managers to perceive their landscapes as they are
perceived by animals during heatwaves.
In many inland national parks, old sheds and other
structures survive from previous land uses. These
structures can be deemed undesirable, but could save
many birds during heatwaves, as has happened during
past heatwaves (see section 3.1). The potential for
artificial water bodies to serve as climatic refuges should
be one consideration (among others) before decisions
are made about whether to remove them from newly
protected areas.
On degraded lands climatic refuges can be created
by bulldozing dead trees into piles and by deepening
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waterholes. Old quarries provide thermal refuges that can
be enhanced by revegetation. Mine rehabilitation could
include the goal of creating cool refuges by rearranging
spoil. On grazing land a conservative stocking rate
lowers temperatures near the ground level by increasing
the shade from grass and browse. Larger trees kept in
paddocks provide cooler hollows and shadier logs.
One problem with special climatic spaces is that invasive
species exploit them and often monopolise them.
Feral cattle and pigs crowd cool rainforest pockets and
degrade them (Stanton and Fell 2005). A dam retained in
a reserve might do more harm than good if it sustained
a growing goat herd. Better feral control is warranted in
these situations, plus monitoring of how climatic spaces
are used by native and pest species. Invasive species
managers should have a new goal: to prevent invasive
species from dominating rare climatic spaces.

brayleyana), a food plant of rainforest mammals, produces
tougher leaves when exposed to higher levels of CO2, but
only when growing in infertile rhyolite soils (Kanowski et
al. 2001). These examples imply that montane rainforest
animals are more likely to survive climate change where
soil is fertile, a conclusion reached by Shoo et al. (2010),
who proposed that fertile locations be prioritised for
restoration as a response to climate change.
Soil fertility could matter in other habitats as well, because
higher CO2 levels are expected to reduce foliage nutrient
quality for leaf-eating mammals and insects (see section
3.6). Hovenden (2008) predicted ‘major consequences for
herbivores’. Birds of prey and insectivorous birds could be
faced with less prey. In eucalypt forests, as in rainforests,
fertility appears to influence possum densities (Braithwaite
et al. 1983). But in many Queensland landscapes the
most fertile soils are under cultivation and national parks
occupy less fertile locations. Climate change justifies a
focus on soil fertility as a determinant of future animal
survival. Eucalypt communities and rainforests growing on
nutrient-rich soils should be prioritised for mammal and
bird conservation.

Carnarvon Gorge has unusual climatic spaces in its gorges (and
also on its highest summits). For a location so far from the coast
it is exceptionally cool and moist, as shown by all the species
with their most inland populations beneath its towering walls
or on its highest land. The gorge provides such strong climatic
buffering that its special populations are not automatically
threatened by climate change. Photo: DERM

7.1.2 Consider soil attributes
Climate change justifies a special focus on soil, because
fertile soil, siliceous sand and cracking clay can all buffer
species from some aspects of climate change.
In the Wet Tropics, Williams et al. (1999) found montane
birds and a lizard living on a plateau 200–280 m below
their usual altitudinal limits, and attributed this to highly
fertile basalt soil increasing rainforest productivity (see
section 6.8). In other studies, montane rainforest birds
and leaf-eating mammals were found to reach higher
densities on fertile soil (Williams and Middleton 2008;
Kanowski et al. 2001). Queensland maple (Flindersia
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Greater gliders (Petauroides volans), like koalas, depend on
eucalypt foliage, and may disappear from eucalypt forests
growing on infertile soil.

7. Management
Plants will benefit from a focus on soil fertility in some
situations but not others. Fertile soils often retain water
longer than infertile soils, to the benefit of plants (and
soil animals) during droughts. Some plant species can
thus occupy drier regions on fertile soils than they can on
infertile soils (see Churchill 1968 for one example). But
high plant diversity often correlates with low soil fertility,
and climate change will not alter this relationship.
Infertile siliceous sand also appears to buffer some species
from climate change. The wallum zone of Southeast
Queensland is very diverse, with a large number of endemic
species and old lineages, for example Coggeria naufragus,
Agathis robusta, Podocarpus spinulosus. Fraser Island is an
important refuge (see section 6.13), and one reason for this
appears to be the capacity of consolidated beach sand to
buffer reptiles and invertebrates from hot dry weather. The
unusual distribution of the burrowing skink (Ophioscincus
truncatus) provides evidence for this interpretation. It
is found in upland rainforest ‘on rich heavy soils’ and in
coastal wallum (Wilson 2005), but in no other habitat.
Another burrowing skink (Coeranoscincus reticulatus) has
a similar distribution. Further evidence is suggested by
the skink genus Coggeria, known from only one species
endemic to Fraser Island, which evaded discovery until
the 1990s because it shelters in sand. Monotypic (single
species) genera are more typical of relict rainforest
than other habitats (for example Assa, Carphodactylus,
Orraya, Harrisoniascincus, Nangura, Gnypetoscincus,
Techmarscincus), and as the only member of its genus
this lizard is likely to represent the last survivor of a larger
radiation. Another burrowing skink, Anomalopus pluto, is
restricted to Cape York Peninsula under vegetation that
varies from rainforest to open woodland to heath provided
it has white sand to burrow in (Wilson 2005), suggesting
that sand matters more to it than any other habitat feature.
The potential of deep siliceous sand to buffer small animals
from climate change deserves further investigation.

Fraser Island is an important refuge, apparently because of reliable
water in perched water tables and because the sand provides a
stable microclimate for burrowing animals. Photo: DERM

The deep cracks in heavy clay soils in inland Queensland
are another soil environment providing very important
climatic buffering - for frogs and small mammals as
well as reptiles, including some of great size. Animals
dependant on these cracks include Spencer’s monitor
(Varanus spenceri), the western taipan (Oxyuranus
microlepidotus), Ingram’s brown snake (Pseudechis
ingrami), Collett’s snake (P. colletti) and the endangered
Julia Creek dunnart (Sminthopsis douglasi). The
exceptionally narrow (3 mm deep) skull of the longtailed planigale (Planigale ingrami) is thought to be for
exploiting narrow cracks in clay (Van Dyke and Strahan
2008). The clay beds that form the deepest cracks
probably provide the coolest and most humid retreats.
It should also be mentioned that the capacity of plants
(and some animals) to spread along corridors will be
limited by variations in soil. Australia has more variable
inland soils than most continents (Morton et al. 2011),
and plant species are limited to particular soil types.
Linear corridors with many changes in soil type are likely
to prove less effective than corridors with few changes.

7.1.3 Promote pollen migration
Eucalypts lack dispersal structures on their seeds (apart
from small wings on Coymbia seeds), implying limited
potential for range expansions in response to climate
change. Instead, they invest heavily in pollination,
evolution having favoured pollen-mediated gene
movement ahead of seed movement (Reid and Potts
1998). Eucalypts dominate today despite the extreme
climate change of the recent past. McKinnon et al.
(2004a) suggested that various species ‘have merged
and been resurrected to varying degrees following the
climatic perturbations of the Quaternary glacial cycles’,
implying that hybridisation promoted by pollination could
be important to their future. If long-range pollinators
are protected, eucalypt genes that confer adaptation to
aridity could circulate widely.
The most important pollinators may be those that travel
furthest. Flying foxes and birds often fly very large
distances and carry far more pollen on their bodies than
insects. With eucalypt pollen often remaining viable for a
week or more (Barbour et al. 2008), a flying fox carrying
pollen south from Gladstone could greatly increase
the chances of eucalypts and paperbarks (Melaleuca
quinquenervia) around Brisbane producing offspring
adapted to higher temperatures. Queensland has a wide
range of nectar-feeding birds that undergo migratory and
nomadic movements, including many honeyeaters, five
lorikeets, and the silvereye (Zosterops lateralis). Many
other birds sometimes visit flowers, including some
long-range migrants such as the metallic starling (Aplonis
metallica) and spangled drongo (Dicrurus bracteatus),
which visit New Guinea each year. Climate change is
likely to increase the already complex movements of
birds and flying foxes as changing weather patterns
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disrupt regular flowering events, increasing the prospects
of eucalypt cross-pollination and hybridisation when
it is most needed. Hybrid combinations that fail today
because they are poorly adapted to the current climate
may become the success stories of the future.

fox movements, roosting choices, and camp regeneration
would be beneficial. A recent trend is towards smaller, more
numerous urban camps, leading to more conflicts with
residents (Craig Walker pers. comm.). Little red flying foxes
(Pteropus scapulatus) are potentially the most important of
all pollinators under climate change because they travel very
large distances in very large numbers and seldom feed on
anything other than nectar. They have been described as ‘at
the forefront in the genetic preservation of many bioregional
ecosystems’ (Van Dyck and Strahan 2008). But they elicit
the most complaints, visiting urban camps in immense
numbers, damaging trees and increasing noise levels.

The scarlet honeyeater (Myzomela sanguinolenta) is one of the
migratory nectar-feeding birds displaced from disturbed forests
by noisy miners. Photo: Jon Norling

The conservation of long-range vertebrate pollinators
will greatly assist many plants to survive climate change,
including species in the following genera: Angophora,
Asteromyrtus, Banksia, Barringtonia, Bruguiera, Corymbia,
Eucalyptus, Grevillea, Leptospermum, Lysiphyllum,
Melaleuca, Terminalia, Xanthorrhoea and Xanthostemon.
These genera include species that dominate vast numbers
of regional ecosystems in Queensland (although not all
members in each genus are pollinated by vertebrates).
Some vertebrate pollinators are declining. In southeastern
Australia, two of the longest-range pollinators – the
regent honeyeater (Xanthomyza phrygia) and swift parrot
(Lathamus discolor) – have declined so dramatically they
are now endangered. The grey-headed flying fox (Pteropus
poliocephalus) and spectacled flying fox (P. conspicillatus)
are federally listed as vulnerable. Scaly-breasted lorikeets
(Trichoglossus chlorolepidotus) have declined in Southeast
Queensland, although they still remain plentiful.
Flying foxes are unpopular in parts of Queensland because
they sometimes take cultivated fruit and because their
roosting habits have changed over time. Instead of sleeping
in remote rainforests and mangroves, they increasingly
choose urban locations (Low 2002) leading to complaints
from nearby residents. Concerns are exacerbated by fears
about bat-transmitted diseases, which are often wildly
exaggerated. The Department of Environment and Resource
Management already recognises the ecological importance
of flying foxes, and significant resources are devoted to
monitoring their camps and responding to complaints. It
is important that this focus continues. More could be done
to advertise the role of flying foxes in aiding eucalypts to
survive climate change, and to explain that bat-transmitted
infections are extremely rare. More research into flying
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Young grey-headed flying foxes (Pteropus poliocephalus) come
into care in large numbers when their mothers are starving from
nectar shortages, which are often linked to drought. The adults
are Queensland’s largest pollinating animals. Photo: Tim Low

Another opportunity for pollinator conservation lies in
managing woodlands to limit their suitability for noisy
miners (Manorina melanocephala). These aggressive birds
reduce the capacity of trees to produce seedlings adapted
for future climates by excluding migratory and nomadic
honeyeaters from their territories (Low 2009). They also
reduce bird diversity by driving away most other species.
The threat they pose to bird diversity is well recognised,
and many management recommendations backed by
research have been made. These include fire management
to maximise shrubs, reduction of grazing intensity by
feral animals and livestock, and limits on logging or other
activities that open the canopy (Maron and Kennedy 2007;
Eyre et al. 2009; Howes and Maron 2009).
Pollinator conservation could also be improved by filling
gaps in the annual nectar cycle. Paton (2010) concluded
that winter- and spring-flowering shrubs in the ranges
near Adelaide face an uncertain future partly because
honeyeater numbers have fallen; the birds once fed in
summer and autumn on woodland flowers on adjacent
plains but this nectar source has now gone and bird
numbers have fallen. A similar situation may apply in
Southeast Queensland, where nectar shortages are known
to occur in winter and spring. These shortages are likely
to be limiting the overall population sizes of grey-headed
flying foxes (see Booth and Low 2005) and some birds.

7. Management
Replantings of winter and spring-flowering trees such as
the Queensland blue gum (Eucalyptus tereticornis) and
common paperbark (Melaleuca quinquefolia) – which
was previously cleared over large areas – could increase
pollination rates of other trees in other seasons. This could
be especially important for paperbarks because they are
threatened by sea level rise. A seasonal nectar shortage
created by past land clearing may be an issue in other
bioregions but has not been analysed. The potential for
commercial beekeepers to contribute to nectar shortages
could be considered.
Conservation of pollen flow should be a goal when
corridors are planned. Genetic translocation has been
advocated as one way to increase species’ resilience to
climate change (Isaacs 2011), but may prove unnecessary
for eucalypts if their long range pollinators are conserved.

7.2

woodswallows (A. personatus) in New Zealand (Heather
and Robertson 1996), show that some birds do not need
them, and more needs to be learned about those that
do. Doerr et al. (2011) found that brown treecreepers
(Climacteris picumnus) will not cross more more than
1.5 km of open ground, but that treecreepers venturing
from their territories prefer scattered paddock trees to
proper corridors. The latter are very prone to domination
by problematical ‘increaser species’ such as native noisy
miners, which keep out small birds, and African buffel
grass, which smothers seedling trees. Plant progress
along corridors will also be hindered by the many
variations in soil (see Morton et al. 2011).

Shifts in
management focus

7.2.1 Recognise inland to coast

corridors
The most pronounced climatic gradient in Queensland
runs from west to east, not from north to south. It
embodies two gradients in one: increasing rainfall and
decreasing summer maxima (see Map 6 and Map 7 in
section 6.1). Mean temperatures increase on a south to
north gradient, but there is a strong view that increases
in climatic extremes will matter more than increases in
means (Steffen et al. 2009), and high summer maxima
are surrogates for fatal heatwaves. Temperatures are
rising faster in central Australia than anywhere else,
increasing this temperature gradient. Corridors in
Australia have been promoted for southward and upslope
movement (Steffen et al. 2009), but movement towards
the coast has received little attention. This is despite
evidence that many arid zone birds survive droughts
(which are surrogates for a drier future) by relocating
towards coasts (Frith 1959; Low 2002).
Across much of inland Queensland, movement in
a south-easterly direction may eventually optimise
survival, if rising mean temperatures are balanced
against rising summer maxima and declining rainfall. In
the Gulf Plains, expansion and contraction northwards
(towards the coast) may dominate. The stock route
network has some potential to serve as an inland to coast
corridor for plants and animals. Other potential corridor
sections could be identified from vegetation mapping.
It is unclear to what extent some groups of organisms
require corridors for movement. Records of inland birds
in unusual locations, for example letter-winged kites
(Elanus scriptus) on Stradbroke Island (Roberts 1979)
and white-browed (Artamus superciliosus) and masked

The hooded robin (Melanodryas cucullata) is a declining
woodland bird likely to benefit from corridors. But it does
not tolerate the noisy miner (Manorina melanocephala),
an aggressive bird that dominates many narrow remnants.
Photo: Brett Taylor

7.2.2 Highlight Southwest Queensland
This report has found that catastrophic losses of wildlife
could occur in western Queensland during heatwaves,
especially those that follow drought (see sections 3.1
and 6.6). The Channel Country is the hottest and driest
bioregion in Queensland, where many species live close
to their temperature limits in summer. Weather records
show that the highest mean temperature increases in
Australia have occurred in the northwest of this bioregion
(and also in part of the Northern Territory south of Alice
Springs). Temperatures have risen by 0.7 °C over the
past decade in the central west of Queensland, which
includes the northern Channel Country, suggesting
that temperature increases are accelerating. During
a heatwave that followed a dry spell late in 2009 red
kangaroos, ravens, zebra finches and crested pigeons
were found dying in the shade of trees at Ethabuka,
Cravens Peak Reserve and Carlo Station in the Simpson
Desert (Chris Dickman pers. comm.). Emaciated reptiles
were also recorded.
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Deaths during heatwaves are a natural event, as was
shown in central Australia in 1932 when many thousands
of birds died (see section 3.1), in what McKechnie and
Wolf (2010) recently suggested was the most dramatic
avian mortality event caused by high temperatures
recorded on earth. Higher temperatures in future will
greatly increase death rates. It is likely that fewer animals
would have died in 2009 had temperatures been slightly
lower, so some proportion of the mortality can plausibly
be attributed to anthropogenic climate change. Mean
temperatures are projected to rise by another 3.6 °C by
2070, with increases of up to 5.2 °C considered possible.
Rainfall is projected to decline by 9% (although high
levels of uncertainty surround this figure).
A heatwave striking after drought-induced dieback
of trees could cause catastrophic loss of birds and
mammals because there would be little shade to
provide shelter. During the Federation drought that
began in 1898, trees died over ‘thousands of square
miles of country’ (Fensham and Holman 1999). The trees
listed as dying included mulga (Acacia aneura), gidgee
(A. cambagei), boree (A. tephrina) and white cypress
(Callitris glaucophylla), which mainly grow east and north
of the Channel Country. The heat event in 1932 killed
birds as far east as Isisford in the Mitchell Grass Downs,
within the zone where these trees grow. It is only a matter
of time before western Queensland experiences another
drought on the scale of the Federation drought. If summer
temperatures during the next big drought reach maxima 4
or 5 °C higher than in 1932 (which was not a drought year,
with no reports of trees dying), the loss of animal life
would reach extreme proportions. Higher temperatures
tend to coincide with droughts (CSIRO and Bureau of
Meteorology 2007). Tree deaths might occur on a large
scale, not only because of climate change-exacerbated
droughts, but because current tree thickening in the
Mulga Lands could greatly increase the prospect of trees
dying. A severe drought would encourage many birds to
spread eastwards towards the coast, as has occurred
with previous droughts , in advance of trees dying, but
many would not survive, especially if the drought was
state-wide and of unprecedented severity.

living close to their temperature limits during summer.
Animals in the southwest have much larger distributions
than upland animals in the Wet Tropics, and extinctions
of whole species do not seem likely in the 21st century,
but mass deaths could occur in coming decades, well
before any montane rainforest species approaches
extinction. Deaths could occur over a wide area in
western Queensland, but are likely to be especially
concentrated in the Channel Country as the hottest
bioregion. Like coral bleaching on the Great Barrier Reef
(which also does not threaten species with extinction),
mass mortality events would be very conspicuous, with
thousands of birds likely to shelter under verandahs and
vehicles before dying en masse, as has happened in the
past. Mortality events would focus public attention on
climate change as a cause of biodiversity loss.
Management options to limit mortality are very limited.
Fire management to minimise vegetation thickening
would reduce the scale of tree death during a drought
but would not necessarily prevent dieback over large
areas. Sheds, pipes and other infrastructure retained in
the landscape would provide some animals with lifesaving shade. Reduced water extraction from permanent
waterholes would increase water availability, although
there is evidence from the 1932 heatwave of many
birds dying in the presence of water. The conservation
of vegetation remnants in the Brigalow Belt and other
bioregions further east would greatly increase the
prospect of mobile birds surviving and finding food.
The focus here has been on heatwave deaths, but
evidence that the Channel Country is one of the most
important waterbird breeding areas in Australia (see
section 6.6), and that its importance will probably
increase under climate change, provides an additional
reason to focus on southwest Queensland.

Even without drought, a heatwave 4 or 5 °C hotter than
in 1932 would cause catastrophic mortality. A series of
death events may occur in coming decades over a wide
region of inland Queensland: in the Channel Country,
Mitchell Grass Downs, Mulga Lands and North West
Highlands, and possibly also in the Gulf Plains, Desert
Uplands, Brigalow Belt, and conceivably in bioregions
further east. Some species are likely to disappear
permanently from southwest Queensland while surviving
closer to the coast.
When the threats posed by climate change are
highlighted, the Wet Tropics and Great Barrier Reef often
receive special emphasis. There are good reasons for
this, but southwest Queensland also warrants special
attention for its high vulnerability, with many animals
168

Climate Change and Queensland Biodiversity

The Echidna (Tachyglossus aculeatus) is one of many animals
living close to the edge of its tolerances in far south western
Queensland that might not survive there. Photo: DERM

7. Management

7.2.3 Monitor increasing species
Some native species will benefit from climate change,
by spreading into new areas or by increasing in local
abundance. They may sometimes become threats to
biodiversity by displacing or preying on vulnerable
native species (Dunlop and Brown 2008; Low 2008).
Steffen et al. (2009, page 91-2) warned that such indirect
biotic impacts may do more harm to many species than
the direct impacts of climate change. There are many
precedents for native species causing biodiversity
problems: native plants have multiplied in national parks
because of reduced fires, requiring control to protect
other species; these native ‘invaders’ have included
Pittosporum undulatum, Leptospermum laevigatum and
Kunzea ericoides (Low 2002). Increasing native birds
are sometimes culled to protect declining native birds,
and serious conservation problems are also caused by
overabundant koalas and kangaroos (Low 2002).

of native species around the landscape and between
regions.’ Low (2008) predicted a future where ‘Reserve
managers will have to decide if a newly dominating native
plant requires management as a problem … The question
managers should ask is whether such plants facilitate or
inhibit biodiversity.’
An example of where control of increasers would be justified
would be on high summits in the Wet Tropics where relict
shrubs such as Eucryphia wilkiei and Leionema ellipticum
are at high risk of being shaded out by common colonising
trees. Teams of conservation volunteers might be enlisted
to climb peaks to cull sapling trees. Control of increasers
would also be justified where vegetation thickening was
identified as a conservation problem (see below).
Some weeds and feral animals will also spread and increase
under climate change. Many national parks support small
weed populations that are not currently controlled but
which could become major problems if future climates suit
them. They should be closely monitored, or eradicated as a
precautionary measure.
Conservation managers have a focus on declining species,
but climate change justifies a strong focus on increasing
species as well. These should be monitored to see if they
are displacing wildlife that might otherwise survive, or
replacing species with no future. The bioregional summaries
note the potential for many rare plants to suffer from
increased competition, including from weeds. A database
shared by reserve managers could guide management
responses. Invasive species should be monitored as part of
this process as increasers of special concern.

Although an Australian plant, coast tea tree (Leptospermum
laevigatum) is widely perceived as a weed because, in the
absence of fire, and often escaping from plantings, it has greatly
increased the ecological space it now occupies, forming thickets
that displace orchids and other small plants. It is not native
to Queensland, but escaped from cultivation as far north as
Cooloola, 600 km north of its native range. Photo: Tim Low

Increasing native species can pose conservation dilemmas
because the movement of species under climate change
is deemed desirable but it clashes with the traditional
conservation goal of preserving existing ecosystems (Dunlop
and Brown 2008). A key question is whether replacement or
displacement is occurring. If ironbarks dying from worsening
droughts are replaced by hardier bloodwoods (see section
4.1), this can be considered a desirable outcome because
living bloodwoods sustain more biodiversity than dead
ironbarks. But if climate change, by opening the forest
canopy, helps noisy miners displace a suite of other birds
(see sections 3.8 and 6.12), this is a poor outcome because
local diversity is reduced unnecessarily (without miners the
other birds would have survived).
Dunlop and Brown (2008) have called for a ‘national
conversation about reacting to and managing the movement

7.3

Increases in
emphasis

limate change will in many situations justify ‘more
of the same’ rather than sharp shifts in focus.
This section addresses four existing management
goals for which greater investment is justified. For the
last two, weed control and feral animal control, climate
change justifies some shift in prioritisation of species
for control.

C

7.3.1 Increase protection of refugia
Refugia can be defined as those places that conserve the
rarest climatic spaces and the largest climatic gradients.
The upland rainforests in the Wet Tropics are considered
refugia because they conserve lineages that evolved
when climates were cooler and wetter, their montane
possums representing temperate mammals surviving in
the tropics within unusual climatic spaces. Section 7.1.1
calls for a focus on climatic spaces, and at the largest
scale this justifies a stronger focus on refugia.
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Most of the major refuges in Queensland are highly
protected because they coincide with special biodiversity
values. But they are not necessarily recognised as
climatic refugia, and their management plans do not have
a specific focus on conserving rare climatic spaces.

Topographic diversity translates into varied climatic spaces,
which explains why the White Mountains in the Desert Uplands
(above) and the Carnarvon Range in the Brigalow Belt (below)
are both major refuges. They are formed of sandstone eroded by
water into gorges of varying depth. But sandstone landscapes
offer less protection from fire than granite, and increasing fires
in sandstone country are a growing conservation concern.
Photo: DERM

This report argues that Fraser Island, although it is not
elevated, is an important climatic refuge – because of
large water storages, perched water tables and deep
sand – a conclusion justified by the large number of
rare lineages it supports. Other major natural areas
that have not received adequate recognition as climatic
refugia include the Granite Belt (especially Girraween
National Park), the Carnarvon Ranges and Blackdown
Tableland in the southern Brigalow Belt, the Shoalwater
Bay-Byfield area on the Central Queensland Coast, the
White Mountains in the Desert Uplands, Black Mountain
and Cape Melville on Cape York Peninsula, the rhyolite
peaks in Southeast Queensland (mainly Mt Walsh and
the Scenic Rim), and Kroombit Tops and North Stradbroke
Island in Southeast Queensland.
Many minor refugia are not part of the conservation estate,
so resources should be invested in their protection. As a
first step, the unprotected refugia within each bioregion
and within each Natural Resource Management region
should be mapped and rated. Minor refugia should be
identifiable as having small numbers of unusual species
tied to unusual topographic features, for example
dry rainforests on south-facing scree slopes in inland
bioregions. Many refugia occur along ridgelines identified
as corridors, and their protection can be integrated into the
mapping and conservation of corridor networks.

7.3.2 Increase fire management
Of the major climate change impacts, fire provides the
main opportunity for intervention and the best return on
investment. A manager cannot stop a forest becoming
hotter and drier, but can by careful management limit
the reach of destructive fires. Fire needs to be better
understood, both as an ecological phenomenon and as
something to manage.
The Queensland Government recognises that fire
risk should be prioritised under climate change.
Additional investment in fire management is part of the
government’s revised climate change strategy ClimateQ:
toward a greener Queensland.

Sandstone is much softer than granite, and the deep canyons
formed by water serve as important climatic refuges, as here in
the Carnarvon Range. Photo: DERM
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Fire has an important role to play in managing vegetation
thickening (see section 7.4.1), which in turn can
influence water flows into catchments. During early
regeneration after a fire, vegetation water demands are
reduced, resulting in increased flows into catchments,
but vegetation soon reaches a size at which water use
exceeds that of mature forest, a stage that can last for
decades, depending on the vegetation type (Van Dijk
et al. 2006). The influence of fires on water flows is not
usually considered in Queensland, but this may need to
change if the climate becomes drier.

7. Management
Fire risk greatly increases when African pasture grasses
are present, as discussed in the next section.

In a report about climate change and invasive species
commissioned by the Australian Department of the
Environment, Low (2008) also highlighted gamba grass.
He concluded that flammable grasses ‘may represent
the single most serious category of introduced invasive
species ... because they can destroy native vegetation
over immense areas via a positive feedback loop, which
would worsen under climate change.’
Buffel grass (Pennisetum ciliare) is also a major concern
because it grows over large areas and fuels fires that
kill trees, including brigalow, gidgee and rainforest
(Butler and Fairfax 2003; Franks 2002; see sections 3.5,
4.2). In the Ka Ka Mundi section of Carnarvon National
Park, buffel grass along a walking trail caught fire and
destroyed a bottle tree scrub (dry rainforest), which was
replaced by buffel grass (Rhonda Melzer pers. comm.).

Backburning against a wildfire, as shown here on the Steve Irwin
Wildlife Reserve on Cape York Peninsula, can reduce the impact
and reach of destructive fires. Photo: Barry Lyon

7.3.3 Increase weed control
To conserve biodiversity in the face of climate change,
a common recommendation is to reduce other
environmental stresses (Hansen et al. 2009; Steffen et
al. 2009). The main stresses in Queensland, apart from
ongoing habitat loss and degradation, are fire and invasive
species. Even without a focus on other stressors there
would be reasons to invest more in management of these,
including a rising fire risk and predicted advantages to
some weeds. The previous section considered fire, and
this and the subsequent section consider invasive species.
Reflecting their great significance, and relevance to the
previous section, flammable weeds are considered first,
followed by other weeds.

Control flammable weeds
African pasture grasses greatly increase the fire risk when
they invade woodlands and forests (see section 3.5).
They are provoking increasing conservation concern in
Queensland.
In a recent review of future fire regimes in Australia,
Bradstock (2010) warned about gamba grass
(Andropogon gayanus) increasing fire intensity in tropical
open forests. Williams et al. (2009), in a report about
climate change, fire and biodiversity for the Australian
Department of Climate Change, also warned about gamba
grass creating fires of unprecedented intensity. The fires
can be eight times as intense as native grass fires, with
flames reaching the crowns of eucalypts and eventually
killing them, leading to an ‘Africanised’ grassland (Kean
and Price 2003; Rossiter et al. 2003). Williams et al.
warned that infested areas are likely to require additional
management ‘to protect life and property’.

Several other grasses are increasing fire risk in Queensland,
including grader grass (Themeda quadrivalvis), mission
grass (Pennisetum polystachion), green panic or guinea
grass (Megathyrsus maximum), molasses grass (Melinis
minutiflora), thatch grass (Hyparrhenia rufa), molasses
grass (Melinis minutiflora) and Cloncurry buffel grass
(Pennisetum pennisetiforme). They not only destroy
environmental assets, they also exacerbate climate change
by reducing carbon storage in woodlands.
Growing concerns about these grasses have led the
Department of Environment and Resource Management
to initiate a high biomass grass strategy. Of the 13
grasses on a preliminary list, eight were chosen because
they increase fire risk (John Hodgon pers. comm.): gamba
grass, buffel grass, mission grass, annual mission grass
(P. pedicellatum), grader grass, thatch grass, guinea
grass/green panic and molasses grass. Flammable
grasses are difficult to control, with fire as a management
tool often exacerbating their spread. More research on
control is needed. Biosecurity Queensland is the lead
agency for such research.
There is an urgent need to restrict further spread of these
grasses into conservation areas, and regions they do
not occupy. Gamba grass spreads mainly along roads,
and on Cape York Peninsula the best chance to limit its
spread lies in a cooperative strategy with the Department
of Transport and Main Roads (see section 6.4). Increasing
development will lead to a widening of the Cape York
Peninsula Development Road, which will create more
roadside habitat for gamba grass, followed by roadside
slashing, which will facilitate spread of its seed (John
Clarkson pers. comm.). Gamba grass has been recorded
from only one site in the Wet Tropics, at Bridle Creek,
so this infestation should be prioritised for control. An
isolated infestation at Mt Zero in the Einasleigh Uplands
should also be eradicated.
Buffel grass is Queensland’s most important pasture
grass, sown over vast areas. As well as increasing
fire risk, its thick growth impedes plant dispersal by
inhibiting seedling germination; it often grows as a thick
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monoculture with few other plants sprouting among the
clumps. An interagency group is needed to find ways
of managing this grass so that economic goals are met
without incurring major ecological losses. Involvement
of peak grazing groups and agronomists will be needed.
Landholders’ duty of care should include ensuring this
grass does not spread from grazed areas into areas of
conservation value. Guidelines for landholders are needed.

promote a shift to drought-hardy plants, many of which
will be well-suited to become weeds (CRC for Weed
Management 2007; Low 2008). Climate change could also
trigger cultivation of weedy biofuels (Low et al. 2011) and
potentially weedy food crops such as dates (Booth 2010).
As noted in section 3.8, one proposal is to plant 100 000
hectares of one of the world’s worst weeds – giant reed
(Arundo donax) – in north Queensland as a biofuel.

The weedy shrub lantana (Lantana camara) also
increases fire risk (Fensham et al. 1994; Stanton and Fell
2004; Lovelock et al. 2010), as do other non-grass weeds,
for example vines such as rubber vine (Cryptostegia
odorata) that can dry into ‘wicks’ that carry flames into
the canopy (Panton 1993; Low 2008). These weeds
should also be prioritised for control in situations where
they worsen fire risk. All new and emerging weeds of
conservation areas should be assessed for their potential
to increase fire risk. Native plants that multiply because
of climate change should also be assessed.

Control other weeds
Biologists have raised concerns that many weeds will
benefit greatly from climate change, in Australia (Sutherst
et al. 2007a; Dunlop and Brown 2008; Low 2008; Steffen
et al. 2009) and elsewhere (Dukes and Mooney 1999;
Malcolm et al. 2002; Zaveleta and Royval 2002; Cox
2004; Bradley et al. 2010).
Most weeds in Australia are escaped garden plants
(Groves 1998; Groves et al. 2005), which include trees,
shrubs, vines and grasses from many different climatic
zones around the world. This variety means that future
climates are likely to increasingly suit some weeds at the
same time as they increasingly disadvantage many native
plants. When native plants die from droughts, fires and
other extreme events there is a growing risk that weeds will
replace them. Weed problems could become especially
severe in Southeast Queensland and the Wet Tropics, two
bioregions where biodiversity values are exceptionally
high and the pool of exotic plants is unusually large.
Southeast Queensland has large numbers of nurseries
servicing a burgeoning population, and the Wet Tropics
has plant collectors on acreage blocks adjoining rainforest
growing tropical fruits, palms, gingers and other exotica
sourced from all the world’s tropical regions (Low 2008).
The Wet Tropics also has cyclones to drive weed invasion
by creating openings in native vegetation, and a climate
conducive to rapid growth. In both bioregions there is
a very extensive interface between gardens and natural
areas. A weed strategy for the Wet Tropics would provide
the best way to frame management responses (see section
6.8). It should include a focus on garden vines and fruiting
plants as categories of weeds posing special risks. Weeds
are less diverse in other bioregions but serious new
invasions are still likely because individual species can
infest large areas.
The wide range of plants imported by the nursery trade
partly reflects changing fashions. Climate change could
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Hiptage (Hiptage benghalensis) is a poorly known ornamental
vine with the potential to become a major weed in Queensland
in the future, judging by the severe infestations recorded at a
few locations in Australia and abroad. Photo: Tim Low

Climate change justifies greater investment by Biosecurity
Queensland in weed assessments, declarations,
eradications and control. It is important that shifts in
cultivation in response to climate change do not result
in the creation of new weed problems. This justifies risk
assessment of new cultivars of existing crops and garden
plants imported because of increased drought tolerance.
Where bans on weedy plants prove impractical, a
mandatory labelling scheme for garden plants (specifying
weed risk) would inform gardeners about which plants are
safe to grow near bushland. Publicity campaigns linking
weeds to climate change are needed.

7. Management

7.3.4 Increase invasive animal control
The threats of invasive animals for biodiversity will change
under climate change, with invasive species advantaged
in some locations and disadvantaged in others, depending
on the nature of climatic shifts and species’ tolerances.
This section focuses on invasive animals likely to increase
their impacts because of climate change, and those which
impact on native species likely to be strongly threatened
by climate change.
Like other aspects of climate change, outcomes can
be difficult to predict, as the recent drought in western
New South Wales showed. Because pigs like water, the
drought should have reduced their numbers, but they
increased instead, apparently because of lapses in
control by drought-stressed farmers (West and Saunders
2006). Foxes, goats, deer and rabbits also survived this
drought in better numbers than might have been expected,
apparently for the same reason.
This section is not comprehensive, and focuses mainly
on two issues: rising goat numbers in inland bioregions
and pigs in upland rainforest. Other issues are first
mentioned briefly.
As noted in other sections (3.8 and 6.6), camels
exacerbate the impacts of climate change by depleting and
seriously polluting water in inland pools (Brim-box et al.
2010; Norris and Low 2005). A camel can drink 200 litres in
three minutes. With a camel population in central Australia
thought to be about 1 million (Saalfeld and Edwards 2010),
a severe drought could drive large numbers into western
Queensland (Frank Keenan pers. comm.) where they
could greatly exacerbate drought impacts. Even without
a drought camel numbers are likely to keep increasing
in western Queensland as a consequence of population
growth. More investment in camel culling is warranted.
Because the largest populations occur outside Queensland
but nonetheless pose a threat to Queensland, inter-state
cooperation is needed.

Invest more in goat control
Surveys by the Queensland Government show that feral
goat numbers have risen dramatically in those bioregions
that already had them in high numbers (Queensland
Government 2009). Numbers increased from about
100 000 in the mid 1980s to more than one million by
2001 despite high levels of harvesting, which seems
unlikely to stop their spread even if more markets for
goat meat are pursued. Numbers are highest in the Mulga
Lands, eastern Mitchell Grass Downs, Desert Uplands
and parts of the Brigalow Belt. No surveys have been
undertaken in eastern bioregions so trends there are
unknown, but a new herd recently became established
in the New England Tableland in a valley with two
endangered plant species. Numbers seem likely to rise
further with climate change, as increasing heat stress
on livestock and reduced pasture quality (due to higher
temperatures and rising CO2), promote a shift in land
use from cattle and sheep to more goats, including freeranging domesticated goats and protected feral mobs.

Feral goats are one consequence of Queensland having a sheep
industry. Dingoes cause such problems to sheep that they
are suppressed in sheep country leaving feral goats without
predators. Queensland’s goat meat industry has failed to
prevent feral numbers rising rapidly in regions that support
many rare plants. These goats were trapped when they came to
water. Photo: Tim Low

More than 200 deer of five species escaped from a deer
farm in the Wet Tropics after Cyclone Larry (Low 2008),
and further escapes can be expected after future extreme
events. Aviary birds, zoo animals and exotic fish in outdoor
ponds may also establish populations after extreme
climatic events, as has happened in the past (Low 2008).
The risks may warrant stronger regulatory controls over
zoos, and regulation of outdoor ponds and aviculture of
high risk birds.
Most aquarium fish and aquarium plants are tropical in
origin, and rising temperatures will increase the number
of species that can naturalise, the number of catchments
they can occupy, and the population sizes they can attain
(Damien Burrows pers. comm.). High-risk species should
be banned and as part of education about climate change,
Queenslanders should be warned against releasing fish,
snails and aquarium plants into wetlands.

Granite boronia (Boronia granitica) is an endangered Granite
Belt shrub that is eaten by goats. In one boronia location goats
became established only a few years ago after an escape from a
farm. Photo: Tim Low
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Goats have the potential to exacerbate three aspects of
climate change. Firstly, like camels, they will worsen the
impact of declining water availability by reducing the
quality of remaining water, as Parkes et al. (1996) noted:
‘Goat dung can be deposited around waterholes
and springs to a depth of several centimetres. Dung,
together with the bodies of goats that fall into the water
and perish and decompose, are likely to eutrophicate
the water and to have a major effect on freshwater
biota ... Goats can also reduce the amount of water
available to native animals; aggressively exclude some
species … and cause the water levels in rock holes to
be so lowered as to exclude other animals or cause
animals to fall in, drown, and pollute the supply.’
Goats in high numbers will also exacerbate the impact
of higher temperatures on ground fauna, by removing
shade. The impacts can be ‘devastating’, according to
Henzell (2008): the goat ‘removes virtually all foliage
below 1.8 metres (or even higher if it can climb a plant or
bend it down) and kills all plants within its reach.’ Henzell
also noted how combined grazing by goats and rabbits
can remove seedlings of favoured tree and shrub species
so comprehensively that when mature plants die they are
not replaced, resulting, presumably, in a landscape with
less shade.
Goats can also exacerbate declining rainfall by causing
severe erosion on slopes (Norris and Low 2005; Henzell
2008). They have contributed to desertification in many
countries. Goats erode upper soil layers, which often hold
more water than lower layers because of their high organic
content, thereby compromising the capacity of slopes to
retain water, as described by Parkes et al. (1996):
‘Feral goats can deplete the soil’s protective cover of
vegetation and break up the soil crust with their hooves
(Mahood 1983). In droughts this leads to wind erosion,
in rain storms it leads to water erosion, and in steep
lands it can cause slips.’
This report has found that many plants with small
distributions may prove resilient to significant levels of
climate change (see section 5), but they will be indirectly
threatened by climate change if landholders turn more to
feral and domesticated goats. Goats are catholic in their
diet and known to feed on threatened plant species (Norris
and Low 2005).
A strategy is needed to address a burgeoning goat
problem in inland bioregions, especially the Mulga Lands
and Brigalow Belt. Some of the increase in goat numbers
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can be expected on leasehold land over which conditions
can be applied. Goats are much easier and cheaper to
eradicate than most feral animals, partly because of their
dependence on water (Henzell 2008). They do not reach
damaging numbers in landscapes supporting significant
populations of dingoes (Van Dyck and Strahan 2008),
so provide an important reason to maintain healthy
dingo populations.
Climate change could motivate governments and goat
breeders to introduce new breeds adapted to hotter drier
conditions, leading to worse environmental degradation.
New breeds should be subject to rigorous risk assessment
before importation is allowed.

Investigate pig impacts
Feral pigs pose a significant additional threat to some high
altitude rainforest animals that may face high risks from
climate change. The example of greatest concern is the
endangered Kroombit tinkerfrog (Taudactylus pleione), a
species confined to small patches of rainforest at Kroombit
Tops in Southeast Queensland (Hines 2002) where it is
threatened by fires and droughts in combination with feral
pigs (see section 6.13). Numbers have declined markedly
since discovery of the species in the 1980s. Pigs started
damaging its habitat about ten years ago, by grubbing
and wallowing in the muddy drainage lines it occupies
(Harry Hines pers. comm.). Droughts of greater intensity
may decrease seepage flows and food for the frogs, and
increasingly concentrate pig wallowing and grubbing.
Another montane rainforest species in Southeast
Queensland, the endangered Fleay’s barred frog
(Mixophyes fleayi), is also suffering pig impacts. Pigs are
silting up streams used by the small population in the
Conondale Range, and they have recently damaged habitat
on the Main Range (Hines 2002; and see section 6.13).
Feral pig damage to Fleay’s frog habitat in the Conondales
has greatly increased in recent years, as shown by heavy
silt loads (Hines 2002). Pig damage on the Main Range
was unknown 20 years ago, but has been observed
in recent years at several sites (Steve Finlayson pers.
comm.; see section 6.13). Pigs are largely absent from
the Macpherson Range, but Harry Hines (pers. comm.) is
concerned that this may change in future since the habitat
seems suitable. This frog has also been threatened in the
past by chytrid fungus.
Whether the increased pig damage is influenced by climatic
shifts is uncertain, but wet years could be increasing their
numbers and drought years forcing them into new areas in
which they remain (Jim Mitchell pers. comm.).
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Feral pigs plough the ground seeking tubers, insect larvae and earthworms. This shows pig digging in eucalypt forest at Kroombit
Tops, where pig damage inside rainforest poses a serious threat to the endangered Kroombit tinkerfrog. Photo: Harry Hines, DERM

On the Carbine and Windsor Tablelands in the Wet
Tropics grubbing feral pigs are damaging habitat of
upland microhylid frogs (Keith McDonald pers. comm.),
the amphibians most threatened by climate change
(see section 6.8). Pigs in this bioregion also spread
Phytophthora, a rainforest pathogen that exacerbates
climate change impacts by opening the protective canopy
(see sections 3.8 and 6.8). Rainforest dieback associated
with pigs has occurred on Mt Bartle Frere and Mt Bellenden
Ker, Queensland’s highest peaks (Worboys 2006). Pig
damage in these areas, which are rich in upland endemic
species, is not currently severe, but could increase in the
future as it has in Southeast Queensland.
The evidence suggests that pig damage is increasing in
montane rainforests in Southeast Queensland. In the Wet
Tropics there is no evidence of an increase in numbers or
damage, but the vulnerability of montane rainforest frogs
to climate change justifies a strong focus on pig research
and control in both bioregions. Montane rainforest
reptiles and invertebrates may also be threatened by
pigs, but evidence is lacking.

7.4

studies they are inferred from distribution data, despite the
problems with this method (see section 5). The echidna
(Tachyglossus aculeatus) is one of very few animals
whose tolerances have been measured. Thermoregulation
falters above 35 °C and it has died when temperatures
reached 38 °C (Brice et al. 2002). But echidnas live on
desert edges where shade temperatures have surpassed
37.8 °C on 160 consecutive days. By lying inside logs and
other hollow places, they apparently transmit heat to the
surfaces they lie on (Brice et al. 2002). This example shows
that experimental results can mislead about climatic
tolerances. Another limitation is that such information
does not suggest how echidna management under climate
change could be improved. This section is thus limited to
discussion of a few key issues where better information
would improve management.

7.4.1 Study vegetation responses
This report has identified three questions about
vegetation that require further research.

Research needs

esearch is needed to fill many knowledge
gaps about climate change impacts. They
include uncertainties about the climatic
tolerances of species and their adaptive capacity, biotic
interactions in response to climate change, future
human responses, unrelated major factors (wild cards),
and management possibilities.

R

One obvious gap is that the temperature tolerances of
most species are unknown. In almost all climate change

Black cypress (Callitris endlicheri) in the New England Tableland
forms dense thickets that increase carbon sequestration but
reduce plant diversity. Photo: Tim Low
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7.4.2 Study water use efficiency
A central uncertainty is the extent to which rising CO2
levels will compensate plants for a drier climate by
increasing their water use efficiency. Opinions diverge
about whether vegetation in arid Australia will become
thicker or thinner (see section 3.6). CO2 impacts have been
modelled in some studies for the rural sector (Howden et
al. 2001; McKeon et al. 2009), but CO2 has been ignored
in biodiversity modelling studies (for example Hughes
et al. 1996; Hilbert et al 2001). Plants usually gain a
direct benefit from higher CO2, while animals may benefit
or be disadvantaged by the responses of plants (see
section 3.6). Results from different CO2 enrichment studies
have been highly variable, generating uncertainties about
the size of any impact. Early studies found that plants
grew at faster rates under higher CO2, but this usually
proved to be a short-lived response, leading to some
scepticism about the significance of higher CO2. But the
key issue is not growth rates but water savings (Holtum
and Winter 2010). In the only outdoor study conducted
in Queensland, native grasses near Townsville benefited
greatly from water savings during dry years, but not
during extreme drought (Stokes et al. 2008a). But Korner
(2009) has argued that plants will gain no long-term
benefit: ‘If all trees in a landscape save water owing to
elevated CO2, the atmosphere would become drier, forcing
greater transpiration and higher leaf temperatures, thus
counteracting the initial effect’.
This report operates from the premise that plants will
gain a modest benefit, but the size of any benefit cannot
be determined. Biodiversity assessment would benefit
from more research; from a wider understanding of the
potential of higher CO2 to compensate plants for a drier
climate; and from more consistency by modellers and
other climate change biologists. It is unacceptable for
researchers not to mention the uncertainty that higher
CO2 brings to climate modelling results. A workshop
should be held to bring together divergent views to see if
a consistent approach is possible.

7.4.3 Study vegetation thickening
Vegetation thickening in the context of climate change is
complex. Trees or shrubs can thin or thicken in response to
different climatic drivers, including CO2 fertilisation, rainfall
and drought, with gains or losses to biodiversity. Thickening
can benefit biodiversity by increasing carbon sequestration,
by increasing habitat complexity and productivity, and by
creating cool humid refuges beneath trees. But thickening
can also harm biodiversity by increasing vegetation death
during drought and by reducing water flows to streams,
which are both serious issues.
The worst example of drought-induced dieback recorded
in Queensland in recent decades, in inland north
Queensland, was patchy in a way that correlated with trunk
density (Fensham and Holman 1999; Fensham and Fairfax
2007), suggesting that trees would have survived had they
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been more widely spaced. During the Federation drought
cypress pines (Callitris glaucophylla) died where they grew
in dense stands (Fensham and Holman 1999), and in the
North West Highlands the only dieback from droughts
noted by botanist Dan Kelman (pers. comm.) was where
Chisholm’s wattles (Acacia chisholmii) grew in dense
stands. Landholders may have an incentive to encourage
thickening for carbon sequestration, and this may be
promoted by higher CO2 levels, but at the risk of tree
deaths during droughts or of reduced stream flows. Tree
density can be manipulated by using fire. Where valued
eucalypts face a drier climate, thinning the understory or
thinning them as seedlings could enhance their survival.
The issues are complex and require better understanding.

7.4.4 Monitor tree deaths and seedling

recruitment
Increasing tree deaths can be expected in response to
future droughts of unprecedented severity. These deaths
will be followed by seedling recruitment when droughts
end, but a shift in species composition may occur.
Protected area managers should monitor tree deaths and
subsequent recruitment to document vegetation changes.
Monitoring may prove especially informative where trees
are growing at the western or eastern edges of their
ranges or on harsh sites such as north-west facing ridges.
In Australia, by contrast to the Northern Hemisphere,
relatively few animal and plant responses to climate
change have so far been detected. More responses may
be noted if the focus of monitoring is on plant recruitment
after drought deaths rather than on phenology, which in
Australia is strongly influenced by individual rainfall events
and fires.

7.4.5 Study the past
The emphasis on anthropogenic climate change as
unprecedented has discouraged study of past responses
to natural climate change. But the well-documented
heatwave in 1932 that killed many thousands of birds
in central Australia (Anonymous 1932; see section 3.1)
provides a unique insight into the future, showing how
valuable a source of information the past can be. Also
demonstrating the value of the past, Byrne (2009) used
genetic evidence to show that most species did not migrate
to survive Pleistocene climate change, from which she
concluded that they will not do so in future. Climatologists
have a strong focus on past climates but many climate
change biologists do not (notable exceptions include Cole
2009; Pearman et al. 2008b; Graham and Grimm 1990).
As the most reliable guide to the future, past responses to
climate should be studied and collated. Some information
about past responses to fire has been summarised (for
example Woinarski 1999), although not with a focus on
climate change. A database that documented responses of
Australian biodiversity to past droughts, heatwaves, fires
and cyclones would be invaluable.
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7.4.6 Practise foresighting
Climate change shows the need to anticipate the future in
conservation planning. But the future will be different in
many ways apart from climate change.
Eucalyptus rust (Puccinia psidii), is an example of a
‘wild card’ with major implications for Queensland
biodiversity. This South American pathogen, or
something closely related (‘myrtle rust’), was recorded
in Queensland in January 2011. It attacks eucalypts in
plantations, killing seedlings and saplings, sometimes
on a large scale (Glen et al. 2007). It has been found
infecting several genera in Myrtaceae since its discovery
in New South Wales in 2010, including Austromyrtus,
Eugenia, Melaleuca, Rhodamnia, Syncarpia, Syzygium.
The Australian Quarantine and Inspection Service website
(www.daff.gov.au/aqis/quarantine/pests-diseases/
plants/eucalyptus-guava-rust) warns that eucalypt rust
will have ‘devastating effects on Australian ecosystems
where susceptible species occur’. Even if the current
strain in Australia proves to be a relatively benign
member of the complex, it is expected that virulent forms
will reach Australia in future given the ease by which
spores are spread.
By reducing seedling survival and slowing sapling
growth rates, eucalyptus/myrtle rust will undermine the
capacity of eucalypt and paperbark (Melaleuca) forests
to adapt to climate change. It could greatly hinder
attempts to meet national carbon sequestration goals.
In Brazil whole plantations of seedling eucalypts have
been virtually destroyed (Glen et al. 2007). Queensland
has endangered plants in several genera in family
Myrtaceae: Decaspermum, Gossia, Kardomia, Melaleuca,
Micromyrtus, Rhodamnia, Xanthostemon. The rust
could impact on animals in many ways, for example
by reducing foliage available to koalas and insects, or
by reducing shade above streams where fish such as
mountain galaxias (Galaxias olidus) are highly vulnerable
to warming. These rusts are marginal to the scope of this
report since they should be disadvantaged by a hotter
drier climate, but they have as much bearing on the
future of conservation in Queensland as many aspects of
climate change. Their arrival in Australia was predicted
well before it occurred.
Deer are another wild card to consider in future. Many
new populations have formed from escapes or releases
from failing deer farms and from releases by hunters.
Queensland is likely to end up with six feral deer species,
and in some national parks they may come to outnumber
kangaroos. Royal National Park in Sydney has lost all
its kangaroos and only has deer instead. Overabundant
deer have many significant impacts on biodiversity in
both their native and introduced ranges (Husheer et al.
2003; Husheer et al. 2006; Gill and Fuller 2007; Dolman
and Waber 2008). In Victoria and New South Wales they
are especially damaging to small rainforest remnants.
Their likely impacts on Queensland biodiversity, which

will include changes to vegetation structure with
subsequent impacts on birds and other wildlife, should
be considered, because they will interact with climate
change impacts.
Human responses to climate change are considered only
briefly in this report. It was not possible to analyse the
impacts on each bioregion of likely human responses
to climate change, which could include relocation of
populations, cultivation of biofuel crops on vast tracts
of marginal lands, tree planting for carbon sequestration
and construction of dams, pipelines and desalination
plants. Many changes are likely. Dunlop and Brown
(2008) suggested one future trend:
‘Reductions in water availability for irrigation in
southern Australia may also see investment in
development of irrigation in the north, with direct
impacts on the cropped areas, consequent impacts
on rivers, wetlands and estuaries, and likely
introductions of new weeds and pests. This expansion
of irrigated agriculture could have flow-on impacts
leading to further intensification of dryland cropping
and grazing in the north.’
Examples provided in a previous section included
cultivation of weedy garden plants, weedy biofuel crops
and weedy food crops as responses to climate change.
Similar developments could occur for reasons unrelated
to climate change. Climate change shows the need
to anticipate future changes when planning for
conservation, but those changes amount to far more
than just shifts in climate. Conservation agencies should
have foresighting units to monitor future trends. Better
outcomes will be achieved if problems such as weedy
biofuels and eucalyptus rust are anticipated rather than
tackled after they arrive.

Eucalyptus rust, or myrtle rust, shown here infecting a tropical
fruit tree (Syzygium jambos) in Queensland, could easily reduce
seedling survival among eucalypts, paperbarks, and rare trees
in family Myrtaceae, greatly slowing their adaptation to climate
change, by applying a second major impact. It poses a far more
imminent threat to some endangered plants, for example Gossia
and Rhodamnia species. The seedling of a common Rhodamnia
that became infected looked far more challenged than this,
with yellow mould thick along its stem. Photo: Department of
Employment, Economic Development and Innovation
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7.5

Summary of general recommendations

Focus on climatic spaces

Highlight Southwest Queensland

The conservation of rare climatic spaces should become
a management goal. They should be prioritised in future
reserve acquisition, selection of offsets, investments in
conservation agreements, and management intervention.
Climatic refuges can be enhanced or created on
degraded land.

Like the Wet Tropics and Great Barrier Reef, southwest
Queensland should be highlighted for the high
vulnerability of its animals to climate change.

Consider soil properties
Consider soil fertility when adding to the conservation
estate because eucalypt communities and rainforests on
nutrient-rich soils are more likely to conserve species in
the face of climate change.

Monitor increasing species
Increasing species should be monitored to see if they are
reducing biodiversity by displacing wildlife that might
otherwise survive, or replacing species that have no future.

Increase protection of refugia
Because refugia conserve the rarest climatic spaces and
the largest climatic gradients, climate change justifies a
stronger focus on their protection.

Increase fire management
Climate change justifies more investment in fire
management.

Increase weed control
Climate change justifies more investment in weed
management, including risk assessments, declarations
and eradications. In particular, flammable pasture grass
should be prioritised for control where they worsen fire
risk. Southeast Queensland and the Wet Tropics should
be prioritised because the pool of exotic plants in these
bioregions is very large and biodiversity values are
very high.

Increase invasive animal control
Higher CO2 levels are expected to reduce food quality for
herbivores such as the weevil Chrysolopus spectabilis. Insects
numbers may well decline, especially where soils are infertile,
with implications for insect-eating animals such as birds. Soil
fertility should be considered when future reserves are acquired.
Photo: Tim Low

Promote pollen migration
Protect long-range pollinators such as flying foxes,
migratory honeyeaters and lorikeets. Manage woodlands
to reduce noisy miners. Fill gaps in annual nectar
availability for pollinators. Plan corridors to conserve
pollen flow.

Recognize West-East corridors
When planning for corridors the importance of inland to
coast movement should receive more emphasis.
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Climate change justifies more investment in pest animal
control. In particular, feral goats require more control,
and feral pigs in upland rainforest require more research
and control.

Conduct further research
Priorities include vegetation changes, specifically water
use efficiency, vegetation thickening, and drought deaths
and subsequent seedling recruitment. Past responses of
species to natural climate change should be studied as a
guide to the future.

Practise foresighting
Because the future will be different in many ways apart
from climate change, conservation agencies should have
foresighting units that assess all expected changes, to
anticipate problems before they emerge, and to produce
integrated pictures of the future.
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