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Groundwater dependent ecosystems

As the world’s population increases, more 
pressure is placed on our natural resources. In 
areas where rainfall is naturally low or where 
there is widespread drought, surface water may 
be scarce. In these areas communities may 
rely heavily on groundwater. The monitoring 
and management of groundwater becomes 
important because there needs to be enough 
groundwater for everyone and everything, 
and the quality of the water should not be 
compromised.

Ecosystems that use groundwater are 
usually described as Groundwater Dependent 
Ecosystems (GDEs). There is still much to learn 
about GDE’s, particularly the “dependence” 
part. How much water can be used for other 
purposes without generating unacceptable 
health impacts on the ecosystems that use it?  

Groundwater Dependent Ecosystems

There are three types of groundwater dependent 
ecosystems (GDEs – Figure 3.6.1):

•  ecosystems within aquifers, for example  
in caves and in the cracks and pores in 
aquifers themselves

•  surface ecosystems that depend on 
groundwater flowing (discharging) to the 
surface, for example river base flows and 
some wetlands and estuaries

•  ecosystems that tap into groundwater, 
for example terrestrial vegetation using 
groundwater directly from shallow aquifers

Summary of Groundwater Dependent Ecosystems
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Groundwater Dependent 
Ecosystem:
Waterway, wetland or 
vegetation ecosystems 
that rely on groundwater 
for all or part of their 
water needs over their 
life cycle. 
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Different GDEs can have different levels of 
dependence on groundwater:

•  An ecosystem is entirely dependent if it 
would be lost with only a slight change in key 
groundwater characteristics. Such ecosystems 
include the saline discharge lakes of the 
western Murray Basin

•  Some ecosystems may be highly dependent 
on groundwater, and even moderate changes 
in groundwater discharge would cause 
substantial change to the ecosystem

•  Some wetlands use groundwater and surface 
and/or soil water. They would be substantially 
changed if they stopped receiving groundwater 
or if groundwater inflows were reduced 
moderately at certain times

•  Some ecosystems have limited or 
opportunistic use of groundwater, for  
example, at the end of a dry season or during 
extreme drought. These include coastal 
floodplain swamp forests, banksia woodlands 
and lignum shrublands along inland river 
systems. This water source may be critical to 
the survival of some ecosystems. For example, 
river base flows may maintain drought refuges 
during low flow periods

•  Some ecosystems may appear to be 
groundwater dependent, but are entirely 
supported by rain or surface flows. Examples 
include the large seasonal floodplain lakes 
and instream ecosystems of the Murray and 
Darling Rivers.

Ecosystems within aquifers

Ecosystems can occur within aquifers in two 
main ways – where there are large, open 
caverns in the aquifer, where the watertable 
partially or totally fills the cavern and 
microscopic and animals that live in the spaces 
between the soil and rock grains.  Animals 
that live in these environments are called 
Stygofauna. Stygofauna comprise many kinds of 
crustaceans but include worms, snails, insects 
and other invertebrate groups. In Australia, two 
species of blind fish have also been identified.  
Most species spend their entire lives in 
groundwater and are found nowhere else. 

Groundwater dependent ecosystems

FIGURE 4.2  EXAMPLES OF STYGOFAUNA FROM NORTH WEST 
WESTERN AUSTRALIA – A CRUSTATION AND A SPECIES OF FISH 
CALLED THE “BLIND GUDGEON” (TOP).  

(Source:  http://www.environment.gov.au/soe/2006/publications/
emerging/fauna/index.html)

Surface water ecosystems 

Groundwater and surface water are commonly 
connected.  Waterways can represent significant 
sources of recharge to aquifers.  Likewise, 
groundwater can contribute significantly to 
flows within waterways, particularly in dry 
periods when there is no run-off.  This is often 
referred to as a waterway’s “baseflow”. 

In general, waterways and groundwater are 
described in one of four ways.

FIGURE 4.3  CONNECTED GAINING STREAM 

Source: http://www.connectedwater.gov.au/processes

KEY TERMS 

Stygofauna:
Aquatic microscopic to 
macroscopic animals that 
live in groundwater.
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Connected gaining – this is where the 
groundwater level is connected to the waterway, 
and is higher than the waterlevel in the 
waterway. When the groundwater level is higher 
than the waterway level, groundwater moves 
into the waterway. The waterway is described 
as “gaining” – as it is gaining groundwater to 
become surface water flow. 

Gaining during low flow, losing during high  
flow. During high flows, surface water is  
stored in the river banks. As the surface 
water level drops, this “bank storage” leaks 
back into the river and also can recharge the 
groundwater. As the river level continues to 
drop, groundwater once again can discharge 
back into the waterway.  

Connected losing – this is where the 
groundwater and waterway are connected. 
There is a saturated zone beneath the waterway 
that connects with the watertable. In this case, 
the waterway level is higher than groundwater 
level and water recharges the groundwater.  
This is a “losing” system – that is the waterway 
is losing water to the groundwater.

Disconnected – this is where there is an 
unsaturated zone between the waterway and  
the groundwater.  Some leakage can still 
occur from the waterway, but the rate of 
loss is constant, and whether it reaches the 
groundwater is dependent on the unsaturated 
zone flow processes.

Where the waterway is in the landscape can 
be an indicator of the likelihood of interaction.  
Figure 4.7 is an example of how interaction 
can occur in different parts of the landscape 
in the Murray Darling Basin. If illustrates that 
in the upland, groundwater is most likely to 
be discharging to waterways. Moving down 
catchment, there is an increased likelihood that 
waterways may be gaining and losing. On the 
plains, waterways are more likely to be losing, 
until they reach the end of a flow path, where 
groundwater is forced to the surface and often 
discharges to waterways.

Groundwater dependent ecosystems

FIGURE 4.5  CONNECTED LOSING STREAM 

Source: http://www.connectedwater.gov.au/processes

FIGURE 4.4  CONNECTED GAIN / LOSING STREAM 

Source: http://www.connectedwater.gov.au/processes

FIGURE 4.6  CONNECTED LOSING STREAM 

Source: http://www.connectedwater.gov.au/processes
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Although described here as an environmental 
issue, the transfer of water between waterways 
and groundwater is also a groundwater AND 
surface water resource issue. As the two are 
connected in many cases, the taking, use and 
regulation of one resource can often affect  
the other.  

Wetlands can also be described as gaining, 
losing or both.  Groundwater dependent 
wetlands require groundwater to be flowing 
into the wetland at least some of the time, 
supporting the wetlands ecosystems.  

Terrestrial ecosystems

These are basically ecosystems where plant 
roots tap into groundwater as a supply of water 
for all or critical parts of it gowth and life cycle.  
More broadly, it can also refer to all the other 
ecosystems that are supported by the vegetation 
(eg, habitat for birds and animals).  

How groundwater management can affect  
the Groundwater Dependent Ecosystems

GDEs are usually dependent on the rate  
and volume of groundwater supply (the 
groundwater flow gradient or its pressure),  
the capacity to reach the groundwater (its  
depth from the surface) and the chemistry of 
the groundwater.  Activities which change  
these key drivers can place GDE’s at risk.

Groundwater dependent ecosystems

FIGURE 4.7   HOW GROUNDWATER INTERACTION WITH  
SURFACE WATER CHANGES DOWN A CATCHMENT.
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Groundwater dependent ecosystems

In-aquifer GDE’s are most at risk from 
groundwater level changes due to pumping 
that “dry out” underground cavern systems 
or dewater parts of the aquifer. Surface water 
GDE’s are most at risk from changes in the 
groundwater level that affect the flow gradient.  
An example is illustrated in Figure 4.8.

Initially groundwater flows to the waterway as 
it has a higher level than the waterway level.  
A groundwater pump near the river locally 
lowers the watertable, but initially the gradient 
to the waterway is maintained. However, with 
further pumping, water starts flowing from the 
waterway into the groundwater.  This can reduce 
flows or, in severe cases, completely dry out the 
surface water feature.  

For vegetation, pumping groundwater can 
lower the level of the groundwater below where 
the roots can reach it. Without the supply of 
groundwater, the vegetation health can suffer. 

One of the critical things for groundwater 
management is that the environmental need 
for groundwater often coincides with the 
needs of agriculture and drinking water.  
Extended periods of dry weather can result 
in groundwater providing the only flow within 
waterways, or the only source of water for 
plants. However, long dry periods often mean 
there is a lack of other sources of water for 
agricultural and drinking water supplies, 
increasing demand. This “collision” of need 
can be difficult to manage, and represents a 
significant challenge for water managers. 

FIGURE 4.8   HOW GROUNDWATER PUMPING CAN IMPACT 
GROUNDWATER FLOW TO A WATERWAY
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