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In recent months Australia has experienced the most widespread drought on record.  Much of the focus has been on agricultural and economic impacts with less attention paid to the effects on the natural environment.  Drought is a natural part of Australia’s climatic cycle and natural, low flow (or dry) periods are as important for maintaining aquatic biodiversity in healthy rivers as are floods.  

What is a drought?

Drought can be defined as an unusually long period without rain.  More specifically, the Australian Bureau of Meteorology identifies drought under two rainfall deficiency categories: 

· A severe rainfall deficiency exists in a district when rainfall for three months or more is in the lowest 5 per cent of records for that area.

· A serious deficiency lies in the next lowest 5 per cent (i.e. lowest 5 per cent to 10 per cent) of historical records for three months or longer for that area.

The wide range of climatic conditions that exist in Australia means that a long period with little or no rainfall might constitute a drought in one region but not in another.  For instance, many parts of northern Australia receive little or no rainfall for 3-4 months in the middle of each year, but this is not a drought since it is a predictable event that occurs every year.  However, in other regions that have high rainfall all year round, a period of 3-4 months without rain will cause a severe drought.   

Droughts and ecosystem disturbance

Extreme events, such as droughts and floods, play an important role in the functioning of our river systems and in the maintenance of biodiversity.  A drought can be considered as an ecosystem disturbance (i.e. reduced water availability) to which plants and animals respond. The response of biota can take two forms: resistance is the capacity of the biota to withstand the drought, while resilience is the capacity of biota to recover from the drought. 

In some regions, relatively predictable dry seasons occur each year, and freshwater biota have evolved adaptations, such as life history scheduling, or the use of refuges such as deep waterholes, to survive them.  In general, the response of biota to predictable dry seasons is characterised by a high resistance and a strong resilience. Droughts, however, are less predictable and this makes it more difficult for organisms to develop adaptations and strategies for survival.  The response of biota to droughts is characterised by a low to moderate resistance and a variable resilience, making recovery more difficult or requiring more time than for seasonal dry periods. 

The predictable nature of seasonal events has tended to make them easier to include in ecological studies. Less is known about droughts and much of our knowledge has been derived from opportunistic studies that were initially set up for other purposes.  

What happens to river systems as they dry?

A drought is characterized by a sequential decline in rainfall, surface runoff, soil moisture, groundwater interaction, and ultimately discharge, for naturally flowing rivers.  As the drought progresses, floodplain and wetland areas dry, and rivers become confined to their low-flow channels.  These dynamic processes play a key role in the long-term maintenance of freshwater biodiversity.  Although there is a widespread reduction in aquatic habitat, there is a corresponding increase in the area of semi-aquatic and terrestrial habitat.  For instance, as the water recedes, new plants germinate in the exposed mud and waterbirds such as ibis and spoonbills feed in the shallow pools and mudflats. 

As river flow ceases, fish and other aquatic organisms seek refuge in the remaining pools, where the interaction of predation and competition can markedly alter community composition.  Many terrestrial animals also rely heavily on these remaining waterholes for their drinking water.  Any macroinvertebrates or fish that become stranded in dried up habitats, provide an abundant food source for terrestrial predators and scavengers, such as birds and ants.   

As waterholes decrease in size, the death and decomposition of aquatic plants and animals releases nutrients such as nitrogen and phosphorus into the remaining water.  Evaporation slowly concentrates these nutrients even further. High nutrient levels can result in dense growths of algae, particularly during summer.  These are grazed by macroinvertebrates, which in turn are eaten by fish.  The algae may create large diurnal changes in oxygen concentration, and if severe algal blooms occur, the low overnight oxygen levels might ultimately threaten aquatic biota, such as fish.  

Evaporation also causes an increase in salinity, and this affects salt-sensitive plants and animals.  The intrusion of saline groundwater can also increase as the water level in the river channel drops.  Groundwater intrusion can cause stratification in pools, leading to further deterioration of water quality and a higher chance of algal blooms. 

Resistance mechanisms for drought

Organisms resist drought using a range of physiological, behavioural and life stage responses.  For instance:

· Fish move downstream or retreat to isolated pools as headwaters dry.

· Plants reduce evapotranspiration losses from leaves and set seed.

· Yabbies, some frog species, and insects such as water beetles, survive by burrowing deep into moist sediments.  These animals can remain safely buried for many months or even years.

· Turtles migrate overland to find new waterholes, while other species can hibernate for at least 3 months without water.

· Zooplankton, some benthic invertebrates, algae and bacteria produce desiccated, drought resistant spores.

· Waterbirds fly many hundreds of kilometres to find more permanent water, such as coastal estuaries. 

In spite of these resistance mechanisms, some populations may suffer large losses during a drought and take many years to recover.  However, the life cycles of other species are highly dependent on an extended drying phase, and their long-term survival is dependent on a cycle of floods and droughts.  Also, some introduced pests have poorly developed resistance mechanisms for drought, and this can provide a competitive advantage to drought tolerant native species. 

What happens when the drought breaks?

Australia’s freshwater flora and fauna are generally well adapted to patterns of flood and drought and have developed mechanisms for recovery.  However, the rate of recovery can vary considerably, being influenced by succession patterns and whether or not any species that have been lost can be restored.  Recolonisation by fauna from drought refuges is important in this recovery. A problem arises if refuges such as permanent waterholes or billabongs have been eliminated by river regulation, water extraction or farm development.  Any loss of previously abundant species can result in major changes to community structure and a lag in recovery. 

When the drought breaks, the initial flush of water downstream is likely to bring large quantities of sediment and organic matter that has steadily accumulated in the catchment during the drought.  The organic matter and dissolved nutrients provide an abundant food supply and this can result in a mass hatching of invertebrates.  This in turn provides food for higher organisms such as insects and fish.  Highly mobile species, such as waterbirds, quickly move in from surrounding regions to take advantage of these new food supplies. 

The community that existed before the drought may not fully re-appear until there has been a complete progression from early colonizers through to species with longer life cycles.  Some species, such as native fish may take many years to fully recover but, over decadal scales, there is little evidence that fish populations are affected by drought in healthy river systems.   

The impacts of water management during drought

Many rivers have been degraded by loss of habitat, changes in flow regime and poor water quality.  These impacts can exacerbate the stresses already experienced by aquatic fauna and flora during drought periods.  Where ecosystems are already degraded, the ability to survive may be damaged, and the speed of recovery inhibited.  For instance, high erosion rates can cause a massive inflow of sand and silt into the main river channel, and this can greatly reduce the availability of deep waterholes as drought refuges.  Similarly, the extraction of water from the remaining waterholes along a river channel, can greatly diminish the resilience of the river’s biota to drought.

A high demand for water during drought often results in a large drawdown of lakes and reservoirs.  As the nutrient-rich bottom waters move closer to the surface, the increased availability of light can result in higher rates of algal growth, and in some instances, the formation of blue-green algal blooms.  During drought periods, low flows through weir pools can result in stratification of the water, and this also increases the chance of algal blooms.  The inflow of polluted water from point sources, with little subsequent dilution, can also contribute to poor water quality conditions in rivers during low flow conditions.  

Problems such as eutrophication, the formation of algal blooms and the development of low oxygen conditions, all increase the stress already experienced by river biota during drought. For example, the low oxygen conditions that result from the growth, death and decomposition of large algal blooms in weir pools or reservoirs, can result in severe fish kills. 

Along regulated rivers, the floodplain vegetation is already stressed by the reduced frequency of flood inundation.  During a drought this stress is heightened by the extended period of drying, and also from elevated concentrations of groundwater salinity. 

Each of these issues needs to be carefully addressed by river managers to ensure that the impacts of drought on regulated rivers do not result in permanent loss of biodiversity or a long-term reduction in river health. In severely degraded rivers and wetlands, a prolonged drought may be ‘the straw that breaks the camel’s back’ for some of the sensitive or threatened species. 

Better management of rivers during drought

The way we manage the land and water within a catchment, both during and following a drought, is of critical importance to the health of our rivers.  In particular, in-stream and floodplain refuges, and the organisms they support, need to be protected.  Some management actions that can be taken to protect aquatic communities are discussed below.  

Large dams greatly alter the natural flow regime of rivers.  If dams are emptied during drought, it can take months or years until they refill and spill again.  In such cases, the section of river immediately downstream of the dam may experience a greatly extended drought period.  Periodic flow releases, including base flows and pulses, can help the downstream aquatic communities survive and recover from these droughts.  These releases might also reduce the risk of stratification in downstream pools, which in turn decreases the chance of an algal bloom.  It might also reduce the risk of deoxygenation or poor water quality in stagnant pools, which can pose a risk to the native fish populations.  Although some may consider these flow releases as a waste of precious water during the drought, it is a small and very sound investment in sustaining healthy rivers.  

During drought conditions, native fish tend to congregate in the remaining deep waterholes along a river channel and are easy targets for fishing.  If a large number of the remaining fish are caught, their rate of recovery after the drought will be greatly inhibited.  This is also true in large water storages, where the remaining fish might have to congregate in only 5 or 10% of the maximum storage volume.  During these times, it would be wise to introduce restrictions on fishing, to ensure that sufficient adult fish survive the drought for future breeding. 

When river flow ceases and the channel bed starts to dry up, the remaining waterholes become refuges for birds, fish, amphibians and invertebrates (such as yabbies and insects). It is critical that these waterholes are not pumped dry when providing water for livestock.  Alternative sources of water should be considered where possible.  During droughts, livestock tend to congregate along riverbanks and around the remaining waterholes.  Overgrazing, trampling and high levels of dung can add severely to the stress that these habitats are already experiencing.  Stock should be excluded from riparian lands and alternative watering points should be provided away from the river.

Managers of drinking water supplies also need to be aware that drought-breaking storm events are likely to bring significant ‘dirty water’ into rivers.  Storm run-off will pick up high concentrations of fine sediment, nutrients and pathogens from the dry soil surface, especially during the ‘first flush’ of heavy rains.  In south-eastern NSW, northern Victoria and the ACT, the drought of 2002/03 resulted in widespread forest fires throughout the entire Snowy Mountains region.  The loss of protective vegetation cover greatly increased the risk of poor water quality during the first rainfall events after the fires, leading to high loads of sediment and ash being washed downstream.  In the ACT, where 90% of the Cotter River water supply catchment, was burnt, floating booms and curtains were installed at strategic points in the dams and reservoirs to strain out ash and other debris that could otherwise enter the water supply.  If water quality is affected by such events, it may be prudent to bypass the first flush of dirty water or revert to alternative water supplies. 

Increasing our knowledge of droughts

To develop best practices for river management during drought, we need a comprehensive understanding of how freshwater aquatic systems respond to reduced (or no) flow.  However, our knowledge is still very limited, and the Cooperative Research Centre (CRC) for Freshwater Ecology is currently trying to address this shortfall.  

The ‘Dryland River Refugia’ project is investigating rivers in the northern regions of the Murray-Darling Basin and in the Lake Eyre Basin where episodic floods are often followed by extended periods of drought.  For much of the time these rivers exist as a network of turbid waterholes along ephemeral channels.  This environment provides an ideal opportunity to determine the importance of waterholes as refuges for aquatic organisms.  The project is investigating the relationship between biodiversity and the physical attributes of individual waterholes, and how populations are connected in space and time.  It is also identifying the biophysical processes that sustain biodiversity and ecosystem health within these aquatic ecosystems.  

The ‘Granite Creeks’ project in northern Victoria, is investigating how aquatic organisms disperse, and how far they can move.  This provides valuable information on the ability of plants and animals to recolonise sites after a disturbance such as drought.  

The ‘Cotter River’ project, in the ACT, is investigating how to maximize the ecological benefits of environmental flow releases below two large water storages.  These releases should help maintain suitable habitat for native fish species, particularly during extended droughts when the impacts of the dams would otherwise result in unnaturally long periods of little or no flow.   

These, and other research projects by the CRC for Freshwater Ecology, will help us to increase our knowledge base, and should lead to better management of rivers and their catchments during periods of drought. 
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