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Australia has embarked on a significant, and expensive, environmental flows program to restore the ecology of 

the Murray-Darling Basin. Such high stakes decisions will be audited on the basis of the benefit returned from 

the cost of the outlay and the opportunity costs of reduced water allocations to industries and communities 

dependent on irrigated agriculture. These restoration programs have been underpinned by the focus on river 

flows as the cause of system degradation. A longer term view of ecosystem condition identifies the flux of 

sediments, salts and nutrients as significant drivers of wetland change, albeit exacerbated by the regulation of 

river flow and the changed hydrological setting of associated floodplain wetlands. These long term records also 

attest to the rapid infilling of shallow wetlands and their likely terrestrialisation in the absence of future scouring 

flows. They also reveal regime shift changes driven by changes to the light environment from chronic high water 

turbidity. Further, sediment source studies reveal river water to be a principal vector for the continued supply of 

fine sediments to wetlands questioning the anticipated wetland recovery from watering. Investment in the 

mitigation of sediment flux is essential if the community is to reap the full benefits of the allocation of contested 

water volumes to the environment.  

 

1 RESTORATION OF A BASIN  

The condition of the aquatic ecosystems of the Murray Darling Basin (MDB) has been recognised as widely 

degraded [1,2] and a key Ramsar site has been declared to be in crisis [3]. This poor state has largely been a 

consequence of the high level of regulation and diversion of surface waters, in particular for the development of 

a highly productive irrigated agriculture industry, although declining water quality is also evident. This 

deterioration in water quality is likely a consequence of many decades of erosion from land clearance and stock 

grazing, elevated saline groundwater levels and release of nutrient-rich domestic and agricultural wastes. 

Through the Murray Darling Basin Plan [4] Australia has embarked on a large scale program to restore the 

condition of aquatic ecosystems across this its largest catchment. The principal action within The Plan is for 

government to redeem water for environmental purposes at a considerable economic cost to the government [5] 

and potentially at great opportunity cost to those communities reliant on irrigation.  

2 CHANGE IN MDB WATERWAYS 

2.1 Hydroclimate and Surface Water Abstraction 

The climate of south-eastern Australia has varied considerably on account of natural cycles which vary in return 

intervals. Of particular influence in this region are El Niño Southern Oscillation (ENSO) cycles, but also multi-

decadal cycles associated with the Pacific Decadal Oscillation (PDO). These lower frequency cycles explain the 

flood dominated regime between 1946 and 1976 which was highlighted with the extreme flood events of 1973-

75, but in particular 1956 which saw unprecedented river levels [6]. The subsequent drought dominated phase 

from 1997, deemed ‘The Big Dry’, may mark the alternate phase of the PDO. Reference to past dry phases warns 

that this may extend for several decades yet. The La Niña floods of 2010-11 either marked the end of the Big 

Dry, or represented a temporary interruption, much as the 1917 flood interrupted the 1896-1946 drought 

dominated phase.  

 

Much of the water resource development in the Basin took place during the flood dominated phase when there 

was little limit to water supplies. The subsequent dry found the surface water volumes in the system to be 

substantially over-allocated and the contest for water acute. The scarcity of water for agriculture and aquatic 

systems alike elevated water allocation in the basin to a contest, drawing much protest from the regional 

communities. The identification of a solution to the declining ecological condition of the Basin’s waterways, 

while sustaining a viable irrigation industry and associated regional communities, represents a significant 

political and technical challenge for Australia.  

 



2.2 Evidence of Long term Wetland change 

The short term monitoring record of the condition of aquatic ecosystems in the Basin makes it difficult to 

identify natural baselines and the historical range of variability, and the rate, direction and magnitude of change 

since the onset of agriculture. What is readily known is that much of the system was regulated from 1922 and 

that considerable volumes of water have been removed as there are public records to this effect. Few such 

records of historic assemblages of flora and fauna, let alone water quality, are available. So, contemporary 

managers have no access to, for example, the impact the 1870 flood had on the grazed and parched landscape 

that had experienced the 1862-65 drought. So, knowledge of the state and significance of the natural heritage of 

floodplain aquatic systems is scant and little evidence of the environmental drivers that sustained them is 

available.  

 

An alternate historical record of change remains archived in the sediments of floodplain wetlands which tend to 

accumulate evidence of the biological, chemical and physical condition of the water-body as the silt settles to the 

benthos. These records of change can be revealed through the extraction of the chemical and biological remains 

that are preserved within in sediment layers. While it remains a challenge to provide event specific evidence due 

to issues of dating and resolution, these paleolimnological records can bring to the surface the very history that 

places present condition in context. These records can provide evidence of changing sedimentation, water quality 

inferred from fossilised diatom algae, aquatic vegetation communities from fossilized pollen and plant remains 

and faunal assemblages from the remains of cladocerans and chironomids, among other indicators of wetland 

condition.  

 

There has now been assembled a considerable number (>50) of paleolimnological records across the southern 

Murray Darling Basin [7]. These range from sediment cores collected from weirs, billabongs, levee lakes and the 

river estuary. Recent syntheses attest to widespread increases in sedimentation rates from less than 1 mm/yr to as 

much as 40 mm/yr [8]. In shallow systems this trajectory of infilling highlights the risk of complete 

terrestrialisation of these wetland systems [9], particularly when river regulation has eliminated the scouring 

potential of all but the largest floods. Further, this influx of sediment is considered to have been responsible for 

changes in the light environment on account of elevated water turbidity. The coincident loss of epiphytic diatom 

communities, and littoral cladocerans suggests that this has impacted the aquatic macrophyte beds [10]. The 

record of plant macrofossil remains shows the replacement of Myriophyllum and charophytes with emergent 

Typha and floating Azolla after regulation [11]. Increases in salt and nutrient tolerant diatoms towards the top of 

these sediment cores attest to the widespread salinization and eutrophication of wetlands, in some cases from 

very early in European Settlement [12]. In fact, all of the wetlands examined reveal evidence for degradation 

with 80% impacted by sedimentation or turbity, 48 % by nutrients and 34% by salt [7].  

 

Sinclairs Flat is a levee lake closely connected to the main River Murray Channel in South Australia. On account 

of high evaporation rates it continually draws in river water and so its sediment record is a gauge of the river 

condition, as much as the wetland itself. In a multiple core study, fine sediments and turbidity tolerant diatoms 

were found to be more abundant at the inlet points from the river compared to more distal core sites suggesting 

that the river itself is a major source of fine sediments [13]. Further, several wetlands many river kilometres apart 

reveal similar records of planktonic river diatoms through time suggesting that the billabong sediments were as 

much recording changes in the water quality of the river as that in the wetlands [14]. So, the wetlands of the 

southern basin have been impacted by catchment development and hydrological modifications, but importantly 

the quality of the river water is implicated in this degradation.  

 

The paleolimnological evidence of wetland change points to a shift from clear water, macrophyte-rich 

communities to ones dominated by phytoplankton [15] with emergent or floating plants that are not vulnerable to 

the shrinking of the photic zone. These changes are consistent with regime shifts whereby the stabilizing forces 

of one state (stabilizing of sediments; tight nutrient cycles) are broken down and replaced by others (release of 

nutrients and sediments from benthos) that entrench the wetland in a new state. In these instances the system is 

highly resistant to measures intended to restore the previous condition. The watering of these systems with turbid 

and nutrient enriched river waters is unlikely to generate the intended outcomes as the measure reinforces the 

feedbacks that retain the new, less productive condition.  

 



3 THE RESTORATION OF BASIN WETLANDS  

The evidence for the impact on and use of aquatic ecosystems by indigenous Australians is obscure and limited 

to sites where remains have been discovered. While historic documents provide a rich history of early settlement 

patterns direct evidence for the impact of early European settlers on waterways is also limited. From the early 

20th century the magnitude of government authorized change in terms of water diversion, abstraction and 

reduced river flows is more clearly evident. While symptoms of the impact of landscape development are evident 

in some locations, the more pervasive and extensive impact of hydrological development, such as impoundments 

etc, readily leads to conclusions that the focus for restoration should be on river flow and water volume. Where 

wetlands have suffered from unusually extended periods of disconnection from river water then the imperative to 

allocate water volume per se is clear. At a basin scale, however, particularly where the quality of the source 

water is compromised, the mere provision of water may be insufficient, and where wetlands are vulnerable to the 

impacts of nutrients and sediments on, e.g. light regime, little benefit may accrue from the allocation of contested 

volumes of water.  

 

Australia seeks to address emerging evidence for the degradation of the waterways of the Murray and Darling 

catchments through the implementation of The Murray Darling Basin Plan. Here, 3200 GL of mean annual flow 

is to be redeemed from the water market at an estimated cost of between $5.5B and $27.5B depending upon 

whether the approach is focused on water buybacks, mostly from the irrigation industry, or through investment 

in new infrastructure intended to reduce evaporative losses. Effectively, there is a trade-off between the cost of 

the Plan to the tax payer and the degree to which industry is expected to forego water supply and so productivity 

and income. The impacts to regional communities are already apparent prompting a senate inquiry into the Plan. 

Clearly, the allocation of this volume of water to the environment represents a considerable opportunity cost to 

industry and so societal expectations of ecological benefit from this allocation should be high. The 

paleoecological records attests to highly productive wetland systems prior to regulation, and certainly prior to 

European settlement. With such an investment, and cost to the irrigation industry, the restoration of aquatic 

ecosystems to that apparent before settlement would be an appropriate goal. Alternatively, society would be 

expected to accept a state less than full restoration upon the implementation of the greatest investment in 

environmental management in the nation’s history.  

 

The record of change archived in Murray Darling Basin wetlands attests to widespread degradation with 

considerable impacts evident from the increased supply of nutrients, salts and, in particular, sediments to the 

system. In parts of the Basin the source of these sediments has been traced back to the collapse of river banks 

and these sediments are known to carry high phosphorous loads [16]. So, relative to the pre-industrial baseline, 

wetlands have become impacted by sediments, these sediments are derived from riparian zones and they are 

transported in channels. These fluvial systems are also the means by which restorative flows are to be delivered, 

however, the quality of the waters are so compromised that they are a cause of wetland degradation and are 

implicated in regime shifts that have entirely changed the identity of many of the Basin’s wetlands. There is a 

clear risk that the ecological response of the system to environmental watering will come up well short of 

expectations commensurate with the considerable government investment. There is also a clear risk that the 

ecological benefits will not offset the socioeconomic costs to regional communities who are expected to forego 

valuable water rights.  

 

Petts & Calow [17] argued that the best path to river restoration is to first attend to water quality before 

hydrology. The Murray Darling Basin Plan has focused very heavily on hydrology, perhaps on account of 

declining water volume to the environment being well documented and easiest to demonstrate. But the 

paleoecological record reveals that water quality, at least in wetlands, declined well before water resource 

development impacted hydrology. From this evidence it stands that an investment commensurate with that 

allocated to redeeming volume should be devoted to managing water quality. The least that could be gained is 

better appreciation that The Plan has explored restoration measures other than those at greatest cost to regional 

communities. In prospect however, is a more collaborative approach to system rehabilitation whereby the 

solutions are generated, and the burden of the costs are shared, across the broader community.  
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