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Executive summary

Rivers within the Murray-Darling Basin (MDB) and their associated floodplains and wetlands are at
risk from climate change. Freshwater systems are particularly vulnerable due to their potential to
become fragmented and disconnected as a consequence of reduced water availability. Climate
change is likely to particularly influence rainfall patterns, temperature and evaporation rates and

increase atmospheric carbon dioxide concentrations.

For many aquatic biota in the MDB, drivers of habitat change will relate to alterations in flow
regimes and physiological impacts caused by increased temperatures and changes in water quantity
and quality, impairing survival. Changes in rainfall and evaporation will reduce the amount of surface
water run-off in the catchment, leading to diminished condition of existing communities, and an
increase in fragmentation of riverine and floodplain networks and the subsequent loss of
connectivity. In addition, an increase in temperature will modify the thermal habitat for many biota
and increased carbon dioxide concentrations will give a competitive advantage to some species over

others (e.g. C4 over C3 plants).

The characteristics and interactions of the impacts of climate change provide an indication of the
type of outcomes associated with adverse conditions. These include impacts associated with
increasing ephemerality, retraction of water volumes in standing water and loss of connectivity.
Secondary processes including changes to food web structure, increasing predation pressure and
changes to competition levels are also characteristics of impacts associated with changes in habitat
under adverse conditions. These characteristics are determined by the nature of the landscape and

habitat, but are also a function of the species requirements

The creation or maintenance of refuges will be particularly important for the management and
conservation of freshwater ecosystems and biodiversity to stressors associated with climatic
changes. Refuges must be able to facilitate key life stages for many species and provide buffering
during periods of unfavourable conditions, as well as provide a recolonisation source to the

surrounding area, following the return of favourable conditions.

It is recommended that research questions proposed identified in the National Climate Change
Adaptation Research Plan for Freshwater Ecosystems and Biodiversity should be further developed.

These questions relate to three key themes:

e Understanding climate change effects on freshwater ecosystems and biodiversity

e Incorporation of climate change adaptation into the policy and management of freshwater
ecosystems and biodiversity

e Promote the compatibility of adaptation strategies between freshwater biodiversity

conservation and management and other sectors

How will declining water availability as a consequence of climate change affect habitat and species
distributions in the Murray—Darling Basin? 1



1 Introduction

1.1 Projected climate change and freshwater ecosystems
Freshwater ecosystems within the Murray—Darling Basin (MDB), as in many regions of the world, are
vulnerable to the projected impacts of climate change (Dunlop & Brown 2008; Pittock & Finlayson
2011). Such changes pose a major threat to many ecosystems and the biodiversity that resides
within them (Dol & Zhang 2010; IPCC 2014b; Willis & Bhagwat 2009). Freshwater ecosystems are
likely to be particularly vulnerable to the impacts of climate change because of their relative
isolation and physical fragmentation within terrestrial landscapes, their limited connectivity and
their susceptibility to drying (James et al. 2013). Climate change may lead to a number of stressors
affecting freshwater biotic communities and habitats (James et al. 2013). Of particular importance
are changes to rainfall patterns, temperature, evaporation and increased atmospheric carbon

dioxide concentrations.

The MDB contains the longest river system in Australia (Figure 1), and is characterised by the
occurrence of temporally and spatially variable rainfall and temperature conditions (Dunlop & Brown
2008; Pittock & Finlayson 2011). Rainfall in the southern part of the Basin is derived from low-
pressure systems that typically form in the winter—spring period, whereas the majority of rainfall in
the northern part of the Basin is derived from tropical rainfall systems that form in the summer—
autumn periods (Chiew et al. 2011; Gallant et al. 2012). Accordingly, rainfall in the northern part of
the Basin is lower and more variable, and evaporation rates higher, compared with those in the
southern part of the Basin. Due to the differing weather systems, climate change will have spatially

variable effects on water availability in the Basin (Chiew et al. 2011; Dunlop & Brown 2008).

1.2 Climate modelling

Climate models are used to examine future global and regional climate change. These models are
founded on well-established physical principles and are similar to models used to successfully
forecast weather patterns. The climate projections used in this report are based on outputs of global
climate models (GCMs) and in particular the ensemble of model simulations brought together for
the Coupled Model Intercomparison Project phase 5 (CMIP5) (Taylor et al. 2012). Phase 5 represents
the most recent comparison of model simulations addressing projections of future climates.
Greenhouse gases, such as carbon dioxide have a warming effect on global climate, by absorbing
heat that would otherwise be lost to space and re-radiating it back into the earth’s atmosphere (IPCC
2014a). It is extremely likely that observed global increases in average surface air temperatures

between 1951- 2010 were caused by anthropogenic increases in greenhouse gas emissions,

How will declining water availability as a consequence of climate change affect habitat and species
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primarily because of burning fossil fuels. The CMIP5 model simulations provides climate projections
based on the climate response to a set of greenhouse gas emissions that are consistent with socio-
economic assumptions of how the future may evolve. Known as the Representative Concentration
Pathways (RCPs), four main scenarios represent a plausible range of radiative forcing (in W m?) in the
215t century relative to pre-industrial levels. The RCP 2.6 represents a low radiative forcing (low
emissions), RCP 4.5 and RCP 6.0 represent intermediate radiative forcing (intermediate emissions)
and RCP 8.5 represents high radiative forcing (high emissions). It should be noted that this report
focus on the projected emissions and consequences of RCP8.5 high-emission scenario, which

predicts carbon dioxide concentration stabilising around 940 ppm by the end of the 21 century.

[ allarem i 4 Lo

L Y — |

Loy B el b

Figure 1. Climatic regions of the Murray—Darling Basin (Sheldon et al. 2010)
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Table 1. Definition of representative concentration pathways (CSIRO and Bureau of Meteorology, Climate
Change in Australia website (www.climatechangeinaustralia.gov.au/), cited August 2017)

Representative Concentration
Pathways (RCPs)

Representative Concentration Pathways follow a set of
greenhouse gas, air pollution (e.g. aerosols) and land-use
scenarios that are consistent with certain socio-economic
assumptions of how the future may evolve over time. The well
mixed concentrations of greenhouse gases and aerosols in the
atmosphere are affected by emissions as well as absorption
through land and ocean sinks. There are four Representative
Concentration Pathways (RCPs) that represent the range of
plausible futures, from the published literature.

RCP 2.6 - represents a low radiative forcing (low emissions).
Present trajectories suggest that, at least in terms of Australia,
the intermediate to high emission scenarios are more likely.

RCP4.5 & RCP 6.0 - lower emissions of CO; achieved by
application of some mitigation strategies and technologies
peaking around 2040, and the CO; concentration reaches 540
ppm by the end of the 21 century.

RCP8.5 - a future with little curbing of emissions, with a CO»
concentration continuing to rapidly rise, reaching 940 ppm by
the end of the 21 century.

CSIRO and Bureau of Meteorology, Climate Change in Australia
website (http://www.climatechangeinaustralia.gov.au/), cited
August 2017.

Present trajectories suggest that, at least in terms of Australia, the intermediate to high emission

scenarios are more likely. The most recent comprehensive best estimate projections for Australia in

2030 indicate a rise in average temperature of 0.7-1.2°C, little change in annual rainfall in the far

north and decreases of 2-5% elsewhere, and 2% increased potential evapotranspiration (CSIRO and

Bureau of Meteorology- www.climatechangeinaustralia.gov.au). There is uncertainty associated with

these projections due to differences between models and uncertainty in the likely greenhouse

emissions in future years and gaps in our understanding of some biological process (e.g. relationship

between CO, concentrations and vegetation growth).

Projected climate change will affect freshwater ecosystems globally (Doll & Zhang 2010), through

changing temperature and changes in flow regimes. Unfortunately, the Murray—Darling Basin (MDB)

already represents a highly modified aquatic system where the effects of a dramatically altered flow

regime, as a result of flow regulation and water resource allocation, are especially apparent in the

southern part of the basin (Davies et al. 2010).

How will declining water availability as a consequence of climate change affect habitat and species

distributions in the Murray—Darling Basin?



The northern and southern parts of the MDB can be further separated into five broad climatic
regions based on rainfall patterns and geography. These include the northern arid (<250 mm rainfall
per annum), northern temperate (>500 mm rainfall per annum), southern semi-arid (250-500 mm
rainfall per annum), southern temperate (>500 mm rainfall per annum) and alpine (21200 metres
above sea level) regions (Figure 1) and within each of these regions the impact of climate change will

vary (Table 2).

Table 2. Predicted impacts of climate change in each of the regions of the MDB (Ning et al. 2015)

Region Impact

Alpine: It is anticipated that most climate change impacts
on alpine biota may be associated with higher
temperatures and alterations to flow.

Northern Arid: Rivers in this region are largely unregulated with
natural variations in temperature and flow. Most
species present are generalists and potentially
have some resilience and adaptive capacity to
increased temperatures and reduced flows
associated with climate change.

Northern temperate: Most of the aquatic habitat for this climatic zone
is associated with the MacIntyre, Gwydir and
Naomi Rivers and their tributaries. These rivers
are highly regulated and potentially
environmental flows could be used to maintain
species that are vulnerable to climate change
related flow impacts.

Southern Semi-arid: Rivers within this zone are highly regulated, and
potentially environmental flows could be used to
maintain species that are vulnerable to climate
change related flow impacts. Providing
environmental water to the upper reaches may
have positive flow on impacts to the more
vulnerable downstream habitats along the Murray
River. However many wetland associated biota
will become vulnerable due to reduced frequency
and duration of flooding.

Southern Temperate: Rivers within this zone are highly regulated, and
potentially environmental flows could be used to
maintain species that are vulnerable to climate
change related flow impacts.

How will declining water availability as a consequence of climate change affect habitat and species
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For many aquatic biota in the MDB drivers of changes in habitat will relate to changes in flow
regimes and the physiological impacts caused by increased temperatures and/or associated changes
in water quality, such as dissolved oxygen impairing survival. Changes in rainfall and evaporation will
reduce the amount of water available, leading to fragmentation of riverine and floodplain networks
and loss of connectivity. In association with this will be an increase in temperature, which will
change the thermal habitat for many biota (Figure 2). However, it is worth noting that water
resource development will continue to have a major impact on the distribution of species (Balcombe

et al. 2011; Kingsford 2003).

A Precipitation TEvaporation TTemperature

Hydrology A Thermal habitat

¥

Physiological tolerance

¥

Recruitment

Metabolism/Growth

y

Competition/Predation

Mortality

Diversity/Abundance

Figure 2. Conceptual model of the impacts of climate change (rainfall, temperature and evaporation) on
aquatic and riparian biota. A = change; T = increase (modified from Balcombe et al. (2011).(Kingsford 2003)

1.3 Rainfall and run-off
Care needs to be taken in interpreting predictions of rainfall and run-off as recent research has
demonstrated that for many catchments, conceptual models of rainfall run-off substantially over
estimate the amount of water that will be available under current climate change scenarios (Saft et
al. 2016). That said, predictions are that across the whole of the MDB, conditions will get hotter, and

the southern part of the Basin will become drier with less rainfall, particularly in the winter months,

How will declining water availability as a consequence of climate change affect habitat and species
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while the northern part is likely to become wetter (CSIRO 2012; Pittock 2003; Suppiah et al. 2007).
Changes in rainfall combined with evaporation will affect surface water runoff and stream flows,
which will result in reduced flows in many rivers (Dunlop & Brown 2008). In higher alpine regions,
decreased precipitation and increased temperatures will result in a reduction in snow cover, which
will affect a range of habitats, such as peat bogs and fens (Dunlop & Brown 2008). The combination
of generally declining rainfall and increased evaporation suggests that the availability of freshwater
resources will be reduced (Neave et al. 2015). Indeed, a modelling study by CSIRO (2008) on the
influence of climate change on the hydrology of the MDB suggested that a median climate change
scenario will result in the average volume of the surface water resource declining by 11% by 2030,
surface water use declining by 11% and flows at the Murray Mouth declining by 24% (CSIRO 2008).
Under a climate change scenario of RCP8.5 by 2050, most models predict a decline in rainfall by up

to 2.5% across the MDB (Table 3; Figure 3).

Table 3. Projected reductions in mean inflows by 2030 in each catchment (Adamson et al. 2009).

Catchment Reduction in mean
inflows (%)
Condamine 27
Border Rivers, Queensland 24
Warrego—Paroo 22
Namoi 25
Central West 19
Maranoa—Balonne 13
Border Rivers—Gwydir 14
Western 13
Lachlan 12
Murrumbidgee 9
North East 11
Goulburn—Broken 12
Wimmera 10
North Central 12
Murray 13
Mallee 13
Lower Murray-Darling 12
South Australia Murray Basin 13

How will declining water availability as a consequence of climate change affect habitat and species
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-12.5
-22.5
-275

Figure 3. Changes in mean annual rainfall relative to 1986 - 2005 in MDB RCP8.5 by 2050 (source; CSIRO and
Bureau of Meteorology, Climate Change in Australia website (http://www.climatechangeinaustralia.gov.au/),
cited August 2017)).

1.4 Temperature
In combination with reduced flows, increasing temperature will modify the distribution of aquatic
plants, animals and invertebrates as water temperatures reach and exceed thermal tolerances
(Caissie 2006). Predictions are that across the whole of the MDB, conditions will get hotter with
temperatures predicted to increase by up to 3°C by 2050, compared to the period between 1986-
2005 (Figure 4).

How will declining water availability as a consequence of climate change affect habitat and species
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Figure 4. Changes in mean annual maximum temperature relative to 1986 - 2005 in the MDB (top) under
RCP8.5 by 2050 (source; CSIRO and Bureau of Meteorology, Climate Change in Australia website
(http://www.climatechangeinaustralia.gov.au/), cited August 2017)).

River temperature is an important physical characteristic of water quality and rises in annual mean
temperature broadly follows changes in air temperature (Webb & Nobilis 2007). Temperature has a
strong influence on the many aspects of aquatic ecology through its influence on physical
characteristics such as dissolved oxygen and suspended sediment. Significant changes in water
temperature are projected to occur as a consequence of climate change. Changes in annual
temperatures of approximately 1.5°C are likely to have an impact on the thermal habitats of

freshwater fauna (Webb & Nobilis 2007).

Across MDB climate predictions are that there will be an increase between 2 —5 °C. Such increases
are likely to significantly modify the thermal regimes of rivers and modifying the distribution of many
biota. Predictions are that the most affected regions are likely to be the lower Murray region in the

Southern MDB and less severe in the northern MDB (Balcombe et al. 2011).
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Increases in annual air temperatures (Figure 4) will have multiple effects on the distribution of
riparian and aquatic biota by changing the thermal regimes in which biota can survive. As air
temperatures increase there will be a corresponding increase in water and sediment temperatures,
which will lead to changes in the distribution of biota. Changes in water temperature for a given
change in air temperature will depend on a range of factors such as waterbody size and shading
(Caissie 2006), but nevertheless air temperature has been shown to be a useful proxy for thermal
regimes of rivers at broad spatial scales that also correlates with the distribution of aquatic biota
(Bond et al. 2011). Intersecting projected changes in air temperature with the river network
throughout the MDB shows the potential scale of impacts of climate change. For example, of the
nearly 450,000 km of river length in the Murray-Darling Basin, historically approximately 377,000 km
(~84%) have experienced mean maximum temperatures of less than 35°C during the warmest
month. Under current forecasts, this figure rises considerably over time (to 2030 and 2050) even
with efforts to reduce CO; emissions (the RCP4.5 scenario). Under the worst case scenario less than
255,000 km of river falls below the 35°C threshold (around 56%), a reduction of nearly 30%. Similar
trends are evident for a range of temperature thresholds, and thus, these coarse analyses
demonstrate the potential scale of range reductions of fish, invertebrates and other taxa that may

occur where temperature thresholds are exceeded (Figure 5).
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Figure 5. Cumulative distribution of maximum average temperatures in the warmest month experienced
across the river network within the MDB. Data from the Australian Hydrological Geospatial Fabric (the
Geofabric) and Climate Change in Australia (https://www.climatechangeinaustralia.gov.au/). Scenario

temperatures are from the Access 1.0 model [CSIRO], which is deemed among the more appropriate GCM
models for application in Australia.

These likely range reductions may also occur alongside range expansions, although these can be
more difficult to predict (Balcombe et al. 2011). Balcombe et al. (2011) grouped fish into three
groups. Those that were likely to increase in range, decrease in range or those were temperature
may allow an increase in range but these increases may be offset by other changes in habitat (Table
4). For example, increasing temperature will reduce the range of Mountain galaxias, however the
distribution of this species had been affected by predation by trout. Increasing temperature will
reduce the range of trout potentially allowing the Mountain galaxias to increase in abundance

(Balcombe et al. 2011).

Table 4. Predicted changes in the abundance and distribution of native fish (Balcombe et al. 2011)

Group Species

Decreased distribution and Murray cod

abundance Northern river blackfish
Trout cod

Macquarie perch

How will declining water availability as a consequence of climate change affect habitat and species
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Australian smelt
Un-specked hardyhead
Southern pygmy perch
Murray—Darling rainbowfish

Increased distribution and Golden perch
abundance Hyrtl’s tandan
Spangled perch
Bony bream
Carp gudgeons
Mountain galaxias
Potential increases or decreases Eel-tailed catfish
in abundance Silver perch

Two-spined blackfish
Northern river blackfish
Flat-headed gudgeon

Elevated annual air temperature changes associated with climate change can influence plant
metabolism. The ability of plant species to acclimate to different temperatures may influence their
growth and survival and potentially lead to range shifts within the landscape (Lenoir & Svenning
2013; Mulholland et al. 1997). Established plants must be able to respond to short-term changes in
temperature (seconds or minutes) and long-term (weeks or years) (Eggert et al. 2006). Plants may
use strategies of either acclimating photosynthetic apparatus to optimise growth (Atkin et al. 2006)

or employ a photoprotective strategy to limit temperature-induced damage (Eggert et al. 2006).

Many wetland and floodplain plants are are reliant on a long-lived dormant seed bank that is
capable of persisting in sediment for many years and confer a measure of resilience (Brock 2011).
Once favourable conditions occur, many of these seeds germinate and communities re-establish.
Sediment temperature is highly correlated with maximum daily temperatures (Ooi et al. 2009; Ooi et
al. 2012) and these relationships have indicated that a 4°C increase in the maximum air temperature
will equate to a 10°C increase in sediment temperature (Ooi et al. 2009). Research has indicated that
once sediment temperatures exceed 40°C for extended periods there will be declines in the viability
and germination of many wetland plants (Nielsen et al. 2015). While such occurrences historically
would have been rare, recent research has indicated that such extremes are occurring within the

MDB (Wilson unpublished data) (Figure 6).
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Figure 6. Temperatures recorded from Yanga wetlands on the lower
Murrumbidgee river floodplain. Yellow symbols represent maximum daily air
temperature. Black line indicates sediment temperature. Top graph
demonstrates current temperatures. Lower graph indicates shift in
temperatures when a 4°C increase in air temperatures is applied. Red line
indicates when ecological effects are likely to occur (unpublished data curtesy
Jessica Wilson).

1.5 Evapotranspiration
In the MDB, there is likely to be an increase in evaporation by up to 8% (Adamson et al. 2009). In the
southern and northern parts of the MDB, predictions are that evapotranspiration will increase up
approximately 7% across the MDB (Figure 7). These predicted changes in potential

evapotranspiration may contribute to the quantity of surface run-off (Potter et al. 2010).
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Figure 7. Changes in mean annual evapotranspiration relative to 1986 - 2005 in the Southern MDB
(top) and Northern MDB (bottom) under RCP8.5 by 2090 (source; CSIRO and Bureau of Meteorology,
Climate Change in Australia website (http://www.climatechangeinaustralia.gov.au/), cited August
2017)).

Increases in potential evapotranspiration could potentially have localised through to extensive
catchment scale impacts on water balances, although the direct relationship between increasing
maximum daily temperatures and an increase in potential evapotranspiration rates are often
difficult to disentangle from other hydroclimatic variables, such as wind speed and direct solar
radiation (Lockart et al. 2009; Potter & Chiew 2009). The largest driver in surface run-off appears to
be annual rainfall, especially the timing and reliability of rainfall, but potential evapotranspiration is

a contributing factor to mean annual water yields (Potter & Chiew 2009; Zhang et al. 2001).

1.6 Carbon dioxide (CO) concentrations

For vegetation, increasing concentrations in atmospheric CO; may also influence the energy and
water balances of vegetated landscapes by increasing the water-use-efficiency of photosynthesis in
the majority of plant species (Donohue et al. 2009; Farquhar 1997). An increase in atmospheric CO,
concentrations is equivalent to a proportional increase in effective precipitation, potentially inducing
an increase in CO; assimilation and vegetation cover (Gedney et al. 2006). However, it is uncertain

how elevated CO; will affect various plant functional types (Poorter & Navas 2003). Each plant
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species (more than 6,000 wetland plants have been identified worldwide) may respond somewhat
differently, although certain general responses may be expected. For example, increased
atmospheric CO; levels generally increase plant growth rates and biomass accumulation when other
factors are not limiting. Increasing CO; levels enhances the growth and expansion of C3
photosynthetic plants such as Eucalypts and shrubs compared to growth of C4 photosynthetic
plants, such as grasses (Drake 1992). This has led to speculation that perennial, woody species, such
as trees and shrubs may increase growth and primary production and their distributions may expand
(Mulholland et al. 1997). However, there may be a corresponding decrease in the distribution of
floodplain, aquatic grasses and reeds, such as Moira grass (Pseudoraphis spinescens) (Saintilan &
Rogers 2015). The predominance of some plant functional types will transform vegetation
community structures, which will in turn have impacts at higher trophic levels (Burkett & Kusler
2000). However, for some species, stomatal conductance may acclimate to increased atmospheric
CO; levels, therefore significantly reducing the expected benefits to some plant functional types. A
better understanding of plant responses amongst wetland and floodplain plant functional groups to
predicted climate changes is required to determine whether the primary drivers in vegetation

responses may be changes to water and/or energy availability (Flexas et al. 2014).

2 Changes in vegetation distribution

Floodplain systems are important contributors to plant diversity at regional scales and are
characterised by high levels of spatial and temporal heterogeneity (Lawson et al. 2015). Floodplains
providing a shifting mosaic of habitats related to hydrological gradients, with flood-tolerant and
ephemeral species occupying wetter areas and perennial or drought-tolerant species dominating the
drier areas (Capon 2005). This hydrological gradient is reset by flooding, initially influencing plant
diversity as its becoming more homogenous, and then increasingly diverges during dry, inter-flood
periods as other local factors exert more influence (Capon & Brock 2006). However, under extreme
dry condition floodplain plant diversity becomes extremely low (James et al. 2015) and ecosystem
processes and services are then disrupted (Mac Nally et al. 2011). The potential impacts of climate
change on floodplain systems in the MDB will vary depending upon the magnitude and rate of
changes in temperature, precipitation, evaporation, runoff, atmospheric CO, concentration and
other factors. Predicted changes to temperature, precipitation, evaporation and surface run-off will
influence catchment-scale water availability. For most riparian and floodplain vegetation
communities this will likely correspond to reduced flows, changes to the timing, duration and
frequency of inundation and greater drying of wetland soils, as these riparian/floodplain vegetation

communities are dependent on water availability and flow regime for key life stages (Table 5).
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Table 5. Table illustrating the dependence of water availability and flow regime for key life stages of
vegetation communities within the Murray-Darling Basin (darker shading represents increased dependence
on water availability and flow regime

Broad habitat | Adult Reproduction | Vegetative | Seed Seedling/propagule
classifications | maintenance | and seed germination | establishment
dispersal
Riparian Low- Moderate-
forests and Moderate High
Floodplain
woodlands
Shrublands Low-High Moderate— Moderate— Moderate—
High High High
Aquatic Moderate— Moderate- Moderate—- Moderate- Moderate-High
grasslands High High High High

and reedlands

Moderate— High High High
and rushlands iy

Sedgelands

Aquatic
herblands

2.1 Riparian Forests and Floodplain Woodlands

In the MDB, changes in flow regimes and increasing water resource allocations have led to
widespread dieback of riparian forests and floodplain woodlands, particularly in the arid to semi-arid
regions (Holland et al. 2009; Walker et al. 1993). Climate change will potentially further impact these
communities by decreasing water availability and reducing soil moisture (Roberts & Marston 2011).
The dominant, long-lived riparian and floodplain tree species, such as River Red Gum (Eucalyptus
camaldulensis subsp. camaldulensis), Black Box (Eucalyptus largiflorens) and Coolibah (Eucalyptus

coolabah) have varying inter-specific water requirements (Table 6).

Table 6 Current distribution and water requirement for key tree species in the MDB

Species Distribution Water requirements Flooding
requirement
(Roberts & Marston
2011)

Coolibah Predominantly Not dependent on 10-20 years

found in the north-
west parts of the
MDB

surface flows, preferring
to use a mixture of fresh
to saline groundwater or
shallow, rainfall derived-
soil water, rather than
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surface water directly

(Costelloe et al. 2008).
Black Box Mid- to southern Opportunistically use 3-7 years

MDB surface water, soil water

and ground water source,

transpiring freely when

water is available

(Holland et al. 2006;

Holland et al. 2009;

Mensforth et al. 1994) .
River Red Opportunistically use 1-7 years
Gum surface water, soil water

and ground water source,

transpiring freely when

water is available

(Holland et al. 2006;

Holland et al. 2009;

Mensforth et al. 1994)

If the duration between floods exceeds the thresholds established trees will decline in conditions
and there will be a shift in community composition to more terrestrial species (Catford et al. 2014;

McGinness et al. 2013; Perry et al. 2012).

2.2 Floodplain Shrublands

Lignum (Duma florulenta) is one of the most ecologically significant floodplain shrubs of Australia.
Water regime has a very strong influence on Lignum growth (Craig et al. 1991). In the MDB, where
Lignum is common in arid and semi-arid locations, river regulation and extraction of water has led to
a reduction in the frequency, extent and duration of flooding events and a deterioration in condition
of Lignum communities (Freestone et al. 2017). Mature, established Lignum plants are highly
resilient and can persist in an inactive, dormant state for long periods, actively growing again when
conditions become favourable during flooding or heavy rainfall (Craig et al. 1991). However, the
likelihood of successful regeneration from dormancy becomes highly variable if flood frequencies
decline and dry periods become extended (Freestone et al. 2017). Predicted increase in the
frequency of droughts and a decline in rainfall and surface water availability as a result of climate
change is likely to significantly impact the condition and extent of existing mature Lignum shrublands
and their capacity to regenerate from dormancy (Freestone et al. 2017; Roberts & Marston 2011).
Similar to riparian forests and floodplain woodlands, regeneration processes of Lignum shrublands is
most likely to be critically affected by decreases in surface water availability due to climate change.

An increase in the duration of dry, inter-flood periods is likely to result in a loss of condition and/or

How will declining water availability as a consequence of climate change affect habitat and species
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mortality of established Lignum shrubs over time, altering their value as habitat (Balcombe et al.

2011; Capon et al. 2009).

2.3 Wetland species
Non-woody wetland species exist in a transition zone between aquatic and terrestrial environments,
which can be altered by subtle changes in hydrology. Reduced rainfall and increased evaporation
that alter surface or ground water level by only a few centimetres will be enough to reduce or
expand many wetlands converting some wetlands to drylands. Wetlands that depend primarily upon
precipitation as a primary water source are the most vulnerable to changes in climate (Burkett &
Kusler 2000). The impact of climate change and subsequent loss of water will increase the
competition for water between human consumptive use and environmental needs, and many
wetlands will potentially become more managed and more isolated in the landscape (Angeler &
Alvarez-Cobelas 2005; Angeler & Garcia 2005; Nielsen & Brock 2009; Nielsen et al. 2013). Changes in
the availability of water will lead to changes in the composition of plant communities. As wetlands
become increasingly dry wetland plants will be lost and replaced by more terrestrial species (Nielsen

et al. 2013).

3 Refuges

There is growing recognition of the importance of refuges in mitigating the effects of climate change
in climate change adaptation planning (Ashcrot et al. 2009; Davis et al. 2013; Keppel et al. 2012;
Reside et al. 2014). Refuges are particularly important for the management and conservation of
freshwater ecosystems and biodiversity to stressors associated with climatic changes (James et al.
2013). Refuges must be able to facilitate life support and provide buffering during periods of
unfavourable conditions, and be able to provide a recolonisation source to the surrounding area
following the return of favourable conditions. Refuge mechanisms are reflective of the ecosystem
functions or processes that maintain viable populations of individuals during adverse conditions and
then enable the populations to recover after the disturbance. It is essential that refuges not only
buffer species from harsh environmental conditions, but that they also enable the recovery and a
source for recolonisation once more favourable conditions re-occur. Areas identified as potential
refuges may be prioritised to receive environmental water and/or associated environmental works
and measures (Pittock & Finlayson 2011). Despite the importance of climate refuges, however, most
of the published literature concerning climate change adaptation for freshwater biodiversity
provides little guidance for managers other than recommending that refuges be conserved (Bond et

al. 2008; Pittock & Finlayson 2011).
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Increases in ambient temperatures associated with climate warming, in conjunction with associated
increases in water temperatures, may provide unsuitable conditions for some species. Any changes
that affect the quality of the environmental template, such as blue-green algal blooms, changes in
food-web structure, disease prevalence and/or invasion of alien species, associated with changes in
climate are also of concern. In addition, the identification and management of climate refuges for
some species may have unintended effects on other species or habitats in some instances (Table 7)
(Ning et al. 2015). For example, while flooding (either natural or managed) may be beneficial for
supporting the creation and/or persistence of climate refuges, there is a moderate risk that it may
lead to poor water quality in some parts of the MDB where there is potential for hypoxic blackwater
generation (Whitworth et al. 2012) or acidification (Baldwin & Fraser 2009). There is also a high risk

that it may lead to the introduction of invasive species (Rahel & Olden 2008).

Table 7. Potential unintended consequences associated with climate refuge management and their
associated risk to the Murray-Darling Basin (Ning et al. 2015).

Aspect of refuge management Potential problems Risk to MDB

Flooding (natural or managed) Poor water quality (e.g. hypoxic blackwater Moderate
events causing local extinctions)

Introduction of invasive species (e.g. High
Introduced species outcompeting natives)

Maintenance of isolated refuges  Isolation of populations (e.g. genetic Moderate
with no or limited connectivity bottlenecks causing inbreeding depression)
Refuge sites are poorly Choosing to protect refuge sites where there Moderate
prioritised for protection is nowhere for the biota to recolonise after

the disturbance passes, so the refuges can
only function as ‘living museums’ rather than
as viable sources of colonists

Choosing to protect refuge sites that are Moderate
already (or face the threat of being) degraded
from the effects of other

Refuges become the only Refuges become subject to high water High
sources of permanent water in extraction pressure
the landscape
Refuges become threatened by feral species High
such as water buffalo or pigs that alter habitat
or water quality

Note: the likely risk was estimated as a function of the likelihood of occurrence and the magnitude of the impact
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4 Discussion

Freshwater ecosystems contain high biodiversity, but are especially vulnerable to the impacts of
climate change because of their relative isolation within terrestrial landscapes and their
susceptibility to drying. There is plentiful evidence indicating that climate change is already affecting
the environment, species and ecosystems in many ways, and that the impacts are going to become
more severe as climate change continues (Dunlop & Brown 2008). Some impacts are better known
and more easily conceptualised than others, and some have obvious implications for biodiversity
conservation while others do not. Environmental changes will lead directly to a cascade of impacts
on individuals, populations and ecosystems. Many species will also be affected indirectly via their
interactions with affected species and ecosystems, by other feedbacks from the environment (Table
7). Reduced flows and increasing stream temperatures associated with human-induced climate
change pose two of the greatest threats to the ecology and maintenance of biodiversity in lotic
ecosystems (e.g. (Caissie 2006; Chessman 2009). The natural Australian landscape sustains a mosaic
of wetlands that range from permanently wet to temporary. This diversity of wetland types and
habitats provides for diverse biotic communities, many of which are specific to individual wetlands.
Extended droughts predicted as a consequence of climate change (lower rainfall and higher
temperatures) combined with human-induced changes to the natural hydrological regime will lead
to reductions in the amount of water available for environmental and anthropogenic uses. Reduced
run-off and river flows may cause the loss of some temporary wetland types that will no longer hold
water long enough to support hydric communities. Species distributions will shift and species
extinctions may result particularly across fragmented or vulnerable landscapes (Nielsen & Brock

2009).

Predicted changes to temperature, precipitation, evaporation and surface run-off will influence
catchment-scale water availability. For most riparian and floodplain vegetation communities this will
likely correspond to reduced flows, changes to the timing, duration and frequency of inundation and
greater drying of wetland soils. The ecological effects of reduced flows can be significant, including
loss and degradation of wetlands and riparian habitats, loss of native species and increase of invasive
species, and increases in toxic algal blooms (Kingsford 2000; Overton & Jolly 2004). Flow reductions
also reduce the resilience of aquatic systems to other threats to water quality such as point and non-
point source pollution, salinity, erosion and exposure of acid sulfate soils (Walker et al. 2006). The
deterioration in condition and potential loss of riparian forests and floodplain woodlands over the
long term is likely to affect habitat quality key ecosystems processes and services. Such, cascading
effects on the amount of carbon that is available for incorporation into aquatic food webs will

further modify the distribution of key biota such as fish (Balcombe et al. 2011; Mac Nally et al. 2011).
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The characteristics of the impacts provide an indication of the type of outcomes associated with
adverse conditions. These include impacts associated with increasing ephemerality, retraction of
water volumes in standing water and loss of connectivity. Secondary processes including changes to
food web structure, increasing predation pressure and changes to competition levels are also
characteristics of impacts associated with changes in habitat under adverse conditions. These
characteristics are determined by the nature of the landscape and habitat, but are also a function of

the species requirements.

During adverse conditions, the main biodiversity consequences include the loss of species richness,
population declines, loss of genetic diversity and failed recruitment. Changes to species distributions
and loss of connectivity associated with declines in water availability also have consequences for

biodiversity.

5 Research Priorities

A working group of scientist from across Australia (including members of the MMCP project team)
recently was funded by The National Climate Change Adaptation Research Facility (NCCARF), revised
the National Climate Change Adaptation Research Plan for Freshwater Ecosystems and Biodiversity.
The draft report lists 12 overarching priority research questions across three research themes

(Capon et al. 2017). These areas remain priorities for future research:
Theme 1. To understand climate change effects on freshwater ecosystems and biodiversity.

1. How do changes in climatic components interact with each other and with other stressors to
affect freshwater biodiversity, individual species and ecosystems in space and time? Including
the direct and indirect effects of:

1.1. Multiple interacting climatic stressors?
1.2. Multiple interacting climatic and anthropogenic stressors (legacies and current)
including effects of climate change on terrestrial and marine systems?

2. What is the sensitivity to climate change effects of different freshwater ecosystems and
species?

2.1. What attributes determine the sensitivity of freshwater ecosystems and species to
climate change effects?

2.2.  Which freshwater ecosystems and species are most sensitive to climate change
effects?

3. What influences the capacity of freshwater biodiversity to adapt to, and ecosystem processes

to be maintained, in the face of climate change?
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3.1. What range shifts and migration of freshwater species and ecosystems can be
expected in response to climate change?
4. How can novel ecosystems conserve freshwater biota and maintain ecosystem processes

under climate change?

Theme 2. To incorporate climate change adaptation into the policy and management of

freshwater ecosystems and biodiversity.

5. What is the range and efficacy of existing policies and management approaches for
conserving and managing freshwater ecosystems and biodiversity under climate change
(including those focused on climate change explicitly and others)?

5.1. What are the barriers to and opportunities for improved adaptation of policy and
management for the conservation and restoration of freshwater ecosystems and biodiversity
under climate change across multiple scales?

5.2. How can existing policies and management approaches be better aligned to improve
the conservation and restoration of freshwater ecosystems and biodiversity under climate
change?

6. What are the aims, goals, objectives and targets of climate change adaptation for freshwater
ecosystems and biodiversity?

6.1. How can the natural sciences contribute to the elicitation and development of
societal values of freshwater ecosystems and biodiversity under climate change?

7. What existing and potential adaptation options are available for policy and management of
freshwater ecosystems and biodiversity?

7.1.  What are the benefits and risks (including uncertainties) associated with different

adaptation options?

Theme 3. To promote compatibility of adaptation strategies between freshwater biodiversity

conservation and management and other sectors.

8. What are the risks and opportunities to adaptation of freshwater ecosystems and biodiversity
associated with adaptation strategies and actions in other sectors?

9. How can adaptation options and strategies for freshwater ecosystems and biodiversity be
integrated into adaptation strategies in other sectors?

10. What are the risks and benefits of climate change adaptation for freshwater ecosystems and
biodiversity to other sectors (e.g. changes to ecosystem services)?

11. How can novel/hybrid freshwater ecosystems benefit other sectors (e.g. flood mitigation)?

How will declining water availability as a consequence of climate change affect habitat and species
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12. How can existing monitoring networks in other sectors be expanded to establish long-term

monitoring for freshwater ecosystems and biodiversity?
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