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Abstract: Water reforms in Australia acknowledge the environment as a legitimate user of a groundwater resource.  The 
challenge facing groundwater managers is how to identify and assess ecosystems that have a dependency on 
groundwater, and how to incorporate environmental groundwater requirements into aquifer management plans. The 
Alstonville Plateau Basalt Groundwater Management Area (GWMA804) located on the far north coast of New South 
Wales was used as a case study to develop a methodology to assess the environmental dependencies on a groundwater 
resource. 
 
The original subtropical rainforest on the dissected Tertiary basaltic plateau was cleared from the late 19th century for 
dairying and sugar cane.  From the 1970s, horticultural enterprises such as macadamias, avocadoes and stone fruits 
started to expand. Today, less than 1% of the original rainforest remains on the plateau.  The intensification of 
horticulture, combined with a rapidly growing regional population, has increased the demand for water.  Increased 
groundwater allocations with the possibility of over-extraction and contamination, resulted in the plateau being 
designated a Groundwater Management Area in 1985.  This requires an assessment of the sustainable yield of the 
groundwater resource, including an understanding of groundwater dependent ecosystems (GDEs), the components of the 
environment that have a dependency based on the permanent or temporary presence of groundwater.   
 
There is a high degree of connectivity between groundwater and surface water on the plateau.  The permeable krasnozem 
soils, in combination with the underlying weathered and fractured basalt, form an important shallow unconfined aquifer, 
reflected in hill-slope springs and significant base flow to streams.  Deeper aquifers are found in the buried weathered 
horizons, the vesicular or highly fractured components of basaltic flows and interbedded fluvial deposits. These deeper 
aquifers discharge as springs and seepages at the base of plateau valleys or the plateau escarpment.  
 
The numerous springs and seepage zones, particularly near local streams, indicate where groundwater emerges at the 
land surface.  These form ecosystems that have a high dependency on groundwater for their water requirements. Some of 
these wetlands are dominated by melaleuca and are used as an over-wintering food source by migratory birds.  Other 
seepages are dominated by sedges or bull rush and provide important bird habitat.  Groundwater seepage is also critical 
in sustaining the flow of many of the major plateau streams, particularly during extended dry periods. This is one factor 
why the plateau streams have a relatively high platypus population. In addition, there are areas where the watertable is 
perennially shallow and potentially within the root zone of native trees. Relatively deep-rooted rainforest tree species 
such as Black Bean (Castanospermum australe) can have an opportunistic dependency on shallow groundwater.  Hence, 
the three major categories of GDEs that have been identified on the plateau are (i) wetlands; (ii) river base flow systems 
and (iii) terrestrial vegetation communities. 
 
The initial phase of assessing GDEs was the mapping of the numerous springs and seepages.  Aerial photography from 
the 1940s provided the best imagery for this task, as the majority of the area was then cleared dairy pasture with limited 
horticultural development or infestation by exotic camphor laurel. The second phase involved combining flora and fauna 
data to assess the ecological significance of these springs and seepages, and to define the significant remnants of 
freshwater wetland, riparian and rainforest vegetation communities. The mapping has been incorporated into the Water 
Sharing Plan for the plateau, most notably in defining buffer zones and groundwater management rules for key native 
vegetation remnants, and for the near-stream environment. The mapping also highlighted the degree of environmental 
dependencies on groundwater and the need for a relatively conservative estimate of sustainable yield. 
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INTRODUCTION 
The Alstonville Plateau Basalt Groundwater Management Area 

The Alstonville Plateau is a dissected Tertiary basaltic plateau located on the north coast of New South Wales, 
about 700km north of Sydney (Figure 1).  The study area is the Alstonville Plateau Basalt Groundwater Management 
Area (GWMA 804), the boundaries of which are largely defined by the outcrop extent of the Tertiary Lismore Basalt.  
The management area is bounded by the Wilsons River and Byron Creek to the northwest, the coastal plain to the east, 
and the Richmond River to the south.  This results in a wedge-shaped plateau of about 39,000 hectares located between 
Ballina and Byron Bay on the coast and Lismore about 30 km inland (Figure 1).  Although the average rainfall for the 
plateau is about 1420 mm/yr, the area has the greatest agricultural demand for groundwater on the North Coast of New 
South Wales. 

The plateau was originally part of the largest tract of lowland sub-tropical rainforest in Australia, locally termed 
the ‘Big Scrub’ by early settlers because of its dense impenetrable nature. Initially cleared for dairying and sugar cane 
from the late 19th century, there has been expansion of horticultural enterprises such as macadamias, avocadoes and stone 
fruits since the 1970s.  These enterprises take advantage of the free-draining, self-mulching krasnozem soils, good 
rainfall and general frost-free status of the plateau.  The intensification of agriculture, combined with a rapidly growing 
regional population, has resulted in a growing demand for water.  Increased groundwater allocation with the possibility 
of over-extraction or contamination of the resource, prompted declaration of the plateau as a Groundwater Management 
Area (GWMA804) in 1985.  

During 1998 and as part of the NSW Water Reform process, all groundwater systems within the State were 
classified in terms of the risk of over-extraction or contamination (DLWC, 1998). The Alstonville Plateau Basalt aquifer 
was designated a high stress system, due to the multiplicity of users, the reporting of interference problems between 
bores and the projections for increased water demand.  This established the plateau as a priority area for the development 
of Water Sharing Plans (Green et al 2001). These plans will be developed within the framework of the NSW Water 
Management Act (2000) that came into effect in December 2000.  The new legislation has been designed to incorporate 
the changing needs of society, allow for a holistic approach to management of interactive water resources and ensure the 
needs of the environment are adequately protected. 

In 1999, a collaborative project was established between the Bureau of Rural Sciences (BRS) and the NSW 
Department of Land and Water Conservation (DLWC) to investigate the sustainability of groundwater use in the 
Alstonville Plateau.  This paper describes the component of work involved in the assessment and management of the 
ecological dependencies on the groundwater resource, as part of the estimation of sustainable yield. 
 
Groundwater Flow Systems on the Alstonville Plateau 

Figure 2 outlines the conceptual model for groundwater flow within the Tertiary Lismore Basalt sequence making 
up the Alstonville Plateau. The groundwater system can be essentially subdivided into two components: 
(i) A shallow local-scale unconfined groundwater flow system operating in the upper mantle of soil and weathered or 

highly fractured basalt.  Depending on the depth of fracturing, the shallow unconfined aquifer can exceed 40m in 
thickness,    

(ii) A deeper intermediate-scale groundwater flow system operating in interlayered and fractured horizons within the 
basaltic sequence. These aquifers can range from being semi-confined to confined. 

 
There is a high degree of connectivity between groundwater and surface water on the plateau.  Due to the 

significant deep drainage capacity of the krasnozem soils most precipitation from low intensity rainfall events infiltrate 
with little runoff generated.  During high intensity storms, direct runoff occurs subsequent to the soil profile becoming 
fully saturated (DWR 1989). The shallow aquifer is characterised by an immediate response to significant rainfall events 
(Green 2001). Groundwater flow in the shallow regolith/fractured rock aquifer is a function of topography.  Groundwater 
recharged from the hills or ridges flows down-slope, and is largely constrained by the contact between the aquifer and 
poorly fractured basalt. Groundwater discharge occurs as springs or seepage areas lower in the valley floor.  Mid-slope 
springs can occur where structural benches of poorly fractured basalt impede this down-slope movement.  The 
groundwater discharge is the mechanism keeping many of the major plateau streams flowing all year around. 

Deeper sub-horizontal aquifers occur in the buried weathered horizons, the vesicular and highly fractured 
components of basalt flows and interbedded fluvial deposits (Figure 2).  These aquifers can be separated and confined by 
relatively thick sequences of massive, poorly fractured basalt. Groundwater level monitoring in parts of the plateau 
suggests that these deeper aquifers do not respond quickly to significant rainfall events (Green 2001).  Interpretation of 
bore logs suggests a general shallow northwesterly dip to these units which is largely controlled by the palaeotopography 
of the now buried pre-Tertiary surface. The flow path length is determined by the position of the aquifer within the basalt 
sequence and the level of dissection. Groundwater in the deeper aquifers can have flow paths measured in tens of 
kilometres, and can discharge as springs at the base of the plateau (such as Aquifer B in Figure 2).  Aquifers in the 
middle of the basalt sequence have a greater chance of being dissected by the more significant drainage on the plateau 
(such as Aquifer C in Figure 2). This means that the flow paths are significantly shorter, generally less than 5km, and 
plateau streams can also receive groundwater from these intermediate aquifers. 
 



Figure 1 Groundwater-Surface Water Interactions on the Alstonville Plateau 



Figure 2 Conceptual model for groundwater flow in the Tertiary Lismore Basalt 
 
IDENTIFYING GROUNDWATER DEPENDENT ECOSYSTEMS  

Analogous to quantifying the environmental flow regime for a stream, there is a similar need to recognise the 
environmental requirements on a groundwater resource. This means identifying groundwater dependent ecosystems 
(GDEs), which have species compositions and ecological processes that are partly or wholly dependent on groundwater.  
For a particular groundwater management area, there are three key stages required in defining the allocation regime 
needed to manage GDEs appropriately (Sinclair Knight Merz 2000): 
(i) Determine the key ecosystems that have a dependency on groundwater, and the threats, both potential or realised, 

to these ecosystems; 
(ii) Develop a process by which the water regimes needed to sustain key ecological values of groundwater dependent 

ecosystems at a low level of risk are determined, and; 
(iii) Develop a process for groundwater allocation that balances water requirements to sustain key ecological values of 

dependent ecosystems with the broader social and economic objectives for the resource.  
 

To this end, the New South Wales government has developed a Groundwater Dependent Ecosystem Policy 
(DLWC 2000) which, when combined with policies dealing with quality protection (DLWC 1998a) and quantity 
management (DLWC in draft), form the overall policy framework for managing groundwater in the State (Gill & Ross 
1999). 

A GDE may have a dependency on one or more different groundwater parameters including the rate and volume 
of groundwater flow, the depth of the watertable, the groundwater pressure of a confined aquifer, and chemical factors 
such as salinity, pH and nutrient concentrations. The viability of a GDE could be threatened by actions that change the 
groundwater parameter(s) that fundamentally underlie the dependency.  This includes lowering of the watertable due to 
increased groundwater extraction, or land use change altering recharge, or groundwater contamination due to intensive 
agricultural or urban development. 

The extent and nature of the dependency can vary both spatially and temporally. This is reflected in a 
classification of GDEs based on the level of dependency, as developed by Hatton & Evans (1998): 
(i) Entirely dependent ecosystems – communities that will not survive slight changes in the groundwater system 

beyond a particular threshold.  These include environments such as springs where the aquatic ecosystem is entirely 
maintained by groundwater discharge; 

(ii) Highly dependent ecosystems – communities where moderate groundwater changes would result in a substantial 
change in their distribution, composition and/or health. These ecosystems use both groundwater and surface water; 

(iii) Proportionally dependent ecosystems – rather than a dramatic threshold response, the health, species distribution 
or extent of these communities would change proportionally to a change in the groundwater system. For example, 
if groundwater discharge is halved, there could be an equivalent contraction of the ecosystem; 

(iv) Limited or Opportunistically dependent ecosystems – where groundwater only plays a significant role during times 
of drought or at the end of the dry season.  These ecosystems may be able to tolerate short-term groundwater 
deficits, but timely access to groundwater would be a critical factor for long-term survival. 

 



Groundwater dependent ecosystems have been classified into six major categories (Hatton & Evans 1998; Sinclair 
Knight Merz 2000): 
(i) Wetlands – aquatic communities and fringing vegetation dependent on groundwater-fed lakes and wetlands. These 

are lands permanently or temporarily under water or waterlogged, and include groundwater springs and seepage 
areas; 

(ii) River base flow systems – aquatic and riparian ecosystems that exist in or adjacent to streams that are fed by 
groundwater base flow. Groundwater may be a significant contributor to flows in coastal streams in south-eastern 
Australia, supporting riparian forests, sedgelands and grasslands, as well as instream biota; 

(iii) Terrestrial vegetation – vegetation communities and dependent fauna that have seasonal or episodic dependence 
on groundwater. These include trees and shrubs that require the watertable to be at least episodically or 
periodically within their root zone; 

(iv) Terrestrial fauna – native animals that directly use groundwater rather than rely on it for habitat.  Groundwater, 
either as base flow or springs, is important in sustaining birds and larger mammals in much of semi-arid Australia, 
particularly in severe droughts; 

(v) Aquifer and cave ecosystems – aquatic ecosystems that are found in free water within caves or within the aquifers 
themselves. Invertebrates that are specialised to adapt to a dark, stable environment of low oxygen or energy 
availability dominate these ecosystems. Some of these ecosystems have undergone very little evolutionary change 
in the last 250 million years, and have scientific significance (Gill & Ross 1999); 

(vi) Estuarine and near-shore marine ecosystems – coastal, estuarine and near-shore marine plant and animal 
communities whose ecological function has some dependence on discharge of groundwater. This includes coastal 
wetlands that maintain fresh to brackish species composition due to discharge of relatively fresh groundwater.  
Submarine discharge of relatively fresh groundwater, such as that found associated with palaeochannels off the 
Queensland coast (Stieglitz & Ridd 2000), can form a unique marine habitat. 

 
The challenge facing groundwater managers is to assess the level and significance of ecosystem dependency on 

groundwater and then to define the allocation regime needed to manage GDEs appropriately. 
 
Groundwater Dependent Ecosystems on the Alstonville Plateau 

On the Alstonville Plateau, the numerous springs and seepage zones, particularly near local streams, indicate 
where groundwater emerges at the land surface.  These form ecosystems that have a high dependency on groundwater for 
their water requirements. Also groundwater seepage is critical in sustaining the flow of many of the major plateau 
streams, particularly during extended dry periods. In addition, there are areas where the watertable is shallow and 
potentially within the root zone of native trees. Hence, the three major categories of GDEs that have been identified on 
the plateau are (i) wetlands; (ii) river base flow systems and (iii) terrestrial vegetation communities. Although cave 
systems and associated stygean ecosystems can develop in basaltic terrain in the form of lava tubes, none of these have 
been reported for the Alstonville Plateau.  Microfauna that may be endemic to the basaltic aquifer have not been 
investigated as part of this study.  

Wetlands 
The springs and riparian seepages are the most likely areas to contain significant ecosystems that have a high 

dependency on groundwater. Threatened bird species such as the Magpie Goose, the Black-necked Stork, and Australia’s 
most endangered raptor, the Red Goshawk, have been reported from the freshwater wetlands on the plateau (refer Table 
5). 

The ecology of these groundwater-fed areas is diverse. Some of the seepage areas are found in relatively pristine 
rainforest and form local habitat for threatened species such as bush hen.  These isolated remnants are significant 
considering that over 99% of the original rainforest has been cleared.  In other areas, groundwater maintains perched 
melaleuca swamps that are used by migratory birds such as jabiru. These melaleuca swamps are locally unique, as they 
are typically found on the coastal plain, rather than at higher elevations on the basaltic plateau. Whether these melaleucas 
are relicts of original vegetation or have been introduced post-clearing is open to debate. Melaleuca dominated wetlands 
are an important over-wintering food source for a wide range of nomadic or migratory birds, as well as flying foxes 
(Graham 2001). Other seepages are dominated by sedges or bull rush, providing important bird habitats. Many of the 
seepage areas and the area around them are highly altered, initially by clearing for pasture and more recently by the 
encroachment of intense horticulture and rural residential development. Invasion by exotic species such as lantana, privet 
and camphor laurel is a significant management issue. 

River Base Flow Systems 
The ecology of the plateau streams also has a dependency on groundwater, considering the significance of 

groundwater in maintaining stream flows during extended dry periods. Many of the major streams on the plateau flow for 
most, if not all, of the year because of groundwater input, mostly from the shallow regolith aquifer. Sustained stream 
flows define the character and composition of the in-stream and near-stream ecosystems, containing macroinvertebrates, 
turtles, frogs, reptiles, water rats and platypus.   

The platypus (Ornithorhynchus anatinus) has been recognised as one of Australia’s key fauna that has a strong 
dependency on the maintenance of river pools, if not flow, in the coastal streams of south-east Australia (Hatton & Evans 
1998). Platypus have a preference for perennial rather than ephemeral streams. The species is vulnerable to local 
extinction if the continuous availability of river pools is not maintained.  The platypus is generally classified as common 
but vulnerable, the latter acknowledging the increasing impacts particularly from urban and agricultural development on 



habitat (Rohweder 1992). The platypus is the only aquatic monotreme, so is significant from both conservation and 
zoological perspectives. 

Sightings of platypus are relatively common in the streams of the plateau, particularly in the larger river pools. 
Collation of sighting information in the Richmond catchment found distinctly more sightings from streams draining 
Tertiary basalts than from the older sediments (Rohweder 1992). Statistical analysis suggested that the perennial flows 
(due to high groundwater input), a relative abundance of invertebrates and greater stream bank stability are the main 
factors controlling this bias in distribution. Changes in the stream flow regime, not only in terms of flow volume and 
rate, but also increased sediment deposition, increased water temperature and decreased water quality, can have a 
detrimental effect on invertebrate communities, which in turn can have an impact on the platypus population. 

Other animals such as the Eastern Snake-Necked Tortoise (Chelodina longicollus), the Eastern Water Dragon 
(Physignathus leasurii) and the Australian Water Rat (Hydromys chrysogaster) also inhabit the near-stream environment 
of the plateau. 

A total of nine fish species and four crustacean species have been reported from three major streams on the 
plateau – Tucki Tucki Creek, Marom Creek and Maguires Creek (Fowler 1997, refer Table 2).  The most abundant fish 
species collected was the exotic Mosquitofish (Gambusia holbrooki), suggesting that competitive exclusion may be 
effecting the native fish population. The different relative abundances of the rainbowfish and blue-eye species found in 
the streams were attributed to steep stream gradients and the presence of waterfalls acting as natural fish barriers. A 
study of the Giant Spiny Crayfish (Euastacus valentulus), a species endemic to the Northern Rivers of New South Wales, 
was undertaken in Emigrant Creek (Melville 1991). This freshwater crayfish tended to inhabit upstream sites with 
relatively cool, clear water of neutral pH, high dissolved oxygen levels and low conductivity. None of the fish or 
crustacean species recorded are listed as threatened. 
 

Table 1. Fish and Crustacean Species recorded from the Alstonville Plateau GWMA (after Fowler 1997) 
 

Scientific Name Common Name 
Melanotaenia duboulayi Crimson-spotted Rainbowfish
Rhadinocentrus ornatus Ornate Rainbowfish 
Pseudomugil signifer Pacific Blue-eye 
Retropinna semoni Australian Smelt 
Hypseleotris compressa Empire Gudgeon 
Hypseleotris galii Firetail Gudgeon 
Gobiomorphus australis Striped Gudgeon 
Ambassis agassizi Olive Perchlet 
Gambusia holbrooki Mosquitofish 
Caradina sp. Aytid Shrimp 
Macrobrachium sp. Long-armed Shrimp 
Cherax cuspidatus Cusped Crayfish 
Euastacus valentulus Strong Crayfish 

 
Table 2 is a list of significant amphibians sited on the plateau, mostly native species with the introduced Cane 

Toad the notable exception. Most frog species have a dependency on fresh water for breeding, and water availability is a 
major factor limiting their distribution.  Monitoring of the Cascade Tree Frog population at a site in the Border Ranges to 
the north of the plateau, showed that detectability was greatly reduced during the relatively dry period between March 
and August (Newell 1997). Frogs also tend to occupy small home ranges and have relatively narrow habitat preferences 
(NPWS 1994).  For example, the Cascade Tree Frog tends to congregate around slow flowing areas of rocky streams 
(Newell 1997).  Newell also noted that species of the Genus Philoria and the Red-backed Toadlet (Pseudophryne 
coriacea) were only encountered in forested environments characterised with abundant groundwater seepages. In 
general, frogs have potential as environmental indicators due to their relative sensitivity to changes in stream flow and 
water quality (Tyler et al 1981ab). 
 

Table 2 Amphibians sited in the Alstonville Plateau GWMA (after NSW National Parks & Wildlife Service) 
 

Scientific Name Common Name Status 
Adelotus brevis Tusked Frog Declined 
Bufo marinus Cane Toad Expanding 
Crinia signifera Common Eastern Froglet  
Limnodynastes peronii Brown-striped Frog  
Litoria caerulea Green Tree Frog  
Litoria dentata Bleating Tree Frog  
Litoria fallax Eastern Dwarf Tree Frog  
Litoria lesueuri Lesueur's Frog Declined 
Litoria pearsoniana Cascade Tree Frog Declined 
Litoria peronii Peron's Tree Frog  
Uperoleia laevigata Smooth Toadlet  



 
A declining trend in frog populations has been reported in many locations worldwide, with increased ultraviolet 

radiation, chemical contamination, habitat degradation, introduced predators and disease cited as possible causes.  A 
similar disturbing trend has been reported for frog populations and geographical range within southeast Queensland and 
northeast New South Wales. The species considered most at risk include the Lesueur’s Frog and Cascade Tree Frog, and 
to a lesser extent the Tusked Frog (Newell 1997), which have all been found on the plateau. The first two species could 
not be found during extensive field surveys in high elevation streams (> 300 m AHD) such as in the Nightcap Ranges 
and near Mount Warning, but were found at lower elevation sites such as the Alstonville Plateau (Newell 1997). These 
species have also been reported as being in decline at higher elevations in southeast Queensland (Ingram & McDonald 
1993). This increases the significance of occurrences of these species on the Alstonville Plateau. 

 
Terrestrial Vegetation 

Access to a shallow watertable can be important in native vegetation communities, particularly for more deep-
rooted tree species.  These ecosystems can be defined as having an opportunistic dependency on groundwater, relying on 
the shallow watertable during drought periods. This includes riparian vegetation such as Blue Quandong, Weeping 
Myrtle and Black Bean, that favour the generally more fertile and deeper soils and greater moisture availability adjacent 
to the plateau streams. As well as supporting exclusively riparian biota, these vegetation communities are also used as 
retreats by other wider ranging fauna during times of stress such as droughts and fires (Graham 2001). 

The Alstonville Plateau was part of the ‘Big Scrub’, the name given by early settlers to the largest tract of lowland 
sub-tropical rainforest in Australia, covering 75,000 hectares.  The isolated remnants on the plateau, totalling about 140 
hectares or about 0.4% of the management area, are of great ecological significance (Table 3). The four major sub-
alliances defined within the rainforest (Floyd 1990), namely: White Booyong (Argyrodendron trifoliolatum), 
Pepperberry-Fig (Cryptocarya obovata), Black Bean (Castanospermum australe) and Hoop Pine (Araucaria 
cunninghamii) are represented within these remnants.  Other sub-alliances include Strangler Fig (Ficus watkinsiana), 
Bumpy Ash (Flindersia bennettiana) and Rosewood (Dysoxylum fraserianum).  Deep-rooted tree species in these 
remnants are likely candidates for accessing a shallow watertable. An individual species known to have a groundwater 
dependency is the Black Bean (Graham 2001), accessing the watertable particularly during extended dry periods.  
 
Table 3. Significant rainforest remnants located in or adjacent to Alstonville Plateau GWMA (after Johnson 1992) 
 

Name 1:25,000 
Map 

AMG 
East 

AMG  
North 

Sub-Alliance Area  
(ha) 

Kellin Falls BALLINA 551200 6817300 Pepperberry Fig 2 
Hayter's Hill N.R. BYRON BAY 557200 6828300 Hoop Pine-Booyong 5 
Hayter's Hill west BYRON BAY 556700 6828300 Hoop Pine-Booyong 3.5 
Midgen Flat BYRON BAY 555400 6824200 Hoop Pine 2 
Booyong DUNOON 543600 6820200 White Booyong 13 
Boatharbour N.R. LISMORE 532300 6816400 Pepperberry-Fig 17 
Brockley LISMORE 537500 6811500 Bumpy Ash 4 
Davis Scrub N.R. LISMORE 539400 6806700 Black Bean-Booyong 13 
Dawes Bush LISMORE 540300 6819500 Pepperberry Fig 5 
Duck Creek LISMORE 543200 6807500 Pepperberry Fig 8 
Emery's Scrub LISMORE 546700 6819600 Booyong-Rosewood-Black Bean 4.5 
Glendower LISMORE 540200 6818600 Pepperberry Fig 2 
Lumley Park LISMORE 542600 6809800 White Booyong 1.5 
Maguires Creek LISMORE 543500 6811000 Strangler Fig 4 
Mollys Grass LISMORE 535600 6807400 Pepperberry Fig 3 
Rotary Park LISMORE 529000 6812700 Hoop Pine 14 
Willowbank LISMORE 543400 6814300 Bumpy Ash-Booyong 3 
Wilson Park LISMORE 528000 6810400 Hoop Pine 21 
Wollongbar LISMORE 539000 6812200 Black Bean 3 
Dalwood WARDELL 539000 6804600 Pepperberry Fig 1.5 
Meerschaum Vale WARDELL 540500 6801600 Pepperberry Fig 3 
Victoria Park N.R. WARDELL 540000 6802500 White Booyong 9 

 
The threatened flora species that are hosted in these scattered rainforest remnants are listed in Table 4.  The 

remnants also provide habitat for one of the largest complement of threatened fauna in New South Wales (Table 5).  
These include the Wompoo Fruit Dove, Rose-crowned Fruit-Dove, Marbled Frogmouth and White Eared Monarch. 
Many of the fauna species are nomadic, such as the fruit doves and cuckoo-shrikes, and the rainforest remnants are 
critical in maintaining migratory pathways (Graham 2001).  Of significance, is altitudinal migration, when fruit and 
nectar dependant species take advantage of different flowering times of identical species at different elevations.  
Rainforest plants tend to flower and fruit earlier at lower, near-coastal elevations than at higher cooler regimes, resulting 
in a staggered and extended food supply. 
 



 
Table 4 Threatened Flora recorded from the Alstonville Plateau GWMA  
(after NSW National Parks & Wildlife Service) 

 
Scientific Name Common Name 
Arthraxon hispidus Hairy-joint Grass 
Austromyrtus fragrantissima Scale Myrtle, Sweet Myrtle 
Baloghia marmorata Marbled Baloghia, Jointed Baloghia 
Clematis fawcettii  
Cryptocarya foetida Stinking Cryptocarya 
Desmodium acanthocladum Thorny Pea 
Diploglottis campbellii Small-leaved Tamarind 
Endiandra hayesii Rusty Rose Walnut 
Floydia praealta Ball Nut 
Isoglossa eranthemoides  
Macadamia tetraphylla Rough-leaved Queensland Nut 
Ochrosia moorei Southern Ochrosia 
Owenia cepiodora Bog Onion 
Randia moorei Spiny Gardenia 
Syzygium hodgkinsoniae Red Lilly Pilly 
Syzygium moorei Coolamon 
Tarenna cameronii  
Tinospora smilacina  
Tinospora tinosporoides Arrow-head Vine 
 
Table 5 Threatened Fauna recorded from the Alstonville Plateau GWMA  
(after NSW National Parks & Wildlife Service) 
 
Scientific Name Common Name 
Coracina lineata Barred Cuckoo-shrike 
Ixobrychus flavicollis Black Bittern 
Ephippiorhynchus asiaticus Black-necked Stork 
Amaurornis olivaceus Bush-hen 
Anseranas semipalmata Magpie Goose 
Podargus ocellatus Marbled Frogmouth 
Tyto novaehollandiae Masked Owl 
Erythrotriorchis radiatus Red Goshawk 
Phaethon rubricauda Red-tailed Tropicbird 
Ptilinopus regina Rose-crowned Fruit-Dove 
Ptilinopus superbus Superb Fruit-Dove 
Gygis alba White Tern 
Monarcha leucotis White-eared Monarch 
Ptilinopus magnificus Wompoo Fruit-Dove 
Pteropus alecto Black Flying-fox 
Planigale maculata Common Planigale 
Nyctophilus bifax Eastern Long-eared Bat 
Phascolarctos cinereus Koala 
Myotis adversus Large-footed Myotis 
Miniopterus australis Little Bent-wing Bat 
Potorous tridactylus Long-nosed Potoroo 
Thylogale stigmatica Red-legged Pademelon 
Dasyurus maculatus Spotted-tailed Quoll 
Cacophis harriettae White-crowned Snake 
Coeranoscincus reticulatus Three-toed Snake-tooth Skink 
 

 
 



 
MAPPING GROUNDWATER DEPENDENT ECOSYSTEMS  

A GDE map has been produced for the Alstonville Plateau Groundwater Management Area (Brodie et al 2002).  
The initial phase of the mapping was the locating of the numerous springs and groundwater seepages on the plateau 
(Figure 1).  Aerial photography from the 1940s provided the best imagery for this task, as the majority of the area was 
then cleared dairy pasture with limited horticultural development or infestation by exotic species such as camphor laurel 
or lantana. Mid-slope springs were identified as dark patches interpreted as enhanced pasture growth, and in-stream 
springs were identified by the sharp transition from dry gully to flowing stream.  Groundwater seepage areas could be 
identified as broader swampy reaches of the plateau streams. Over 1500 individual springs and about 150 stream seepage 
zones were mapped in this way.  Field checking and confirmation with landholders has been successful in validating a 
small subset (<5%) of this mapping.  On the GDE map, areas of mass movement or land subsidence as mapped by Short 
(1998) are also included as an indicator of possible spring activity. The mapping of these springs and near-stream 
seepages from aerial photography were used to locate the wetland category of GDEs on the plateau. 

Detailed vegetation mapping was sourced from the NSW National Parks and Wildlife Service (NPWS; Graham 
2001). This mapping highlights the isolated remnants of sub-tropical rainforest, as well as the freshwater wetland and 
riparian vegetation communities. The names of the more significant rainforest remnants (refer Table 3) were derived 
from Johnson (1992). The rainforest remnant mapping in particular, directly identifies the areas of native vegetation that 
can contain deeper-rooted tree species that access the shallow watertable. 

A range of fauna and flora datasets were incorporated, to give a preliminary guide to the ecological significance 
of the springs, seepage areas, perennial streams, rainforest remnants and riparian corridors. This includes NPWS 
threatened species data (flora, mammals, reptiles, amphibians and birds), NPWS sightings of native amphibians, as well 
as sightings of platypus as recorded in Rohweder (1992). 

A portion of the GDE map as presented in Figure 3, indicates the content and format of the mapping near the 
township of Alstonville.  The ecological significance of the rainforest community in the Davis Scrub Nature Reserve is 
highlighted, containing threatened flora, bird and mammal species.  The remnant is in close proximity to springs and 
groundwater seepage zones.  Lumley Park is a small but significant rainforest remnant in the town itself, which also 
contains at least one spring that feeds into Maguires Creek. Town water supply bores are also sited in the park, however 
these are deep (>60 m) and not directly accessing the shallow groundwater system feeding the local spring activity.  In 
the headwaters of the Maguires Creek (site A) is a good example of a small melaleuca swamp community that is more 
typical of the coastal plain, but is maintained on the plateau by groundwater discharge. The Duck Creek rainforest 
remnant is a good example of a riparian corridor that acts as a retreat for native fauna during drought periods. A 
combination of platypus sightings and a small rainforest remnant can be found in the headwaters of a Maguire Creek 
tributary (site B), west of Lumley Park. 
 
MANAGING GROUNDWATER DEPENDENT ECOSYSTEMS  

The New South Wales government has developed a Groundwater Framework Policy to manage the States 
groundwater resources so that they can sustain environmental, social and economic uses (DLWC 1997). A set of three 
component policies is being developed for groundwater in terms of quality, quantity and groundwater dependent 
ecosystems.  The Groundwater Dependent Ecosystem Policy (2000) is designed to protect valuable ecosystems that rely 
on groundwater for survival so that ecological processes and biodiversity of their dependent ecosystems are maintained 
or restored, for the benefit of the community. 

The groundwater quantity policy draws the distinction between over allocated and over used aquifer systems in 
terms of sustainable yield (DLWC draft). The sustainable yield is that proportion of the long-term average annual 
recharge to the aquifer which can be extracted each year without causing unacceptable impacts on the environment or 
other groundwater users (Ross 1999). The key objective is to promote ecological sustainable development (ESD) within 
the State.  It is well recognised that over pumping of groundwater systems can lead to a general decline in groundwater 
levels and mining of the resource. In order to manage the State’s groundwater to a sustainable extraction level, 
calculations were undertaken to determine the recharge volume for all high risk aquifers (Bish & Ross 2001).  

In general, environmental provisions are factored into the sustainable yield estimates for the available 
groundwater resource on the plateau, as part of the Water Sharing Plan. The average annual recharge to the aquifer was 
calculated to be 44,420 ML/yr (Bish & Ross 2001). The component required to support environmental values needs to be 
excluded from this recharge to derive the remaining groundwater resource available for consumptive use.  Due to the 
high degree of groundwater - surface water interactions and the recognition of groundwater dependent ecosystems on the 
plateau, a relatively high proportion (80%) of recharge is currently allocated to the environment. As a result the 
sustainable yield calculation for the allowable average annual groundwater extraction is 8,900 ML/yr. This conservative 
assessment of sustainable yield also provides a level of protection to the current users of surface water from the plateau 
streams. An embargo on further groundwater extraction licenses was enacted in 2001 because current allocation is 
equivalent to the sustainable yield volume.  In future only trading of licenses will be permitted under the terms and 
conditions set out in the Water Sharing Plan being developed. 



 

 
 

Figure 3 Groundwater dependent ecosystems mapping near Alstonville  
 
The Water Sharing Plan has other provisions to help protect key ecosystems on the plateau.  Buffer zones have been 
established around the 3% of the plateau containing freshwater wetland, riparian and rainforest vegetation communities. 
Construction of new domestic and stock bores is possible within the buffer zones because of their low groundwater 
usage, however new high-yielding bores (>20 ML/yr) accessing the same aquifer as the GDE will not be allowed.  
Extraction is permitted from the deeper aquifers on the condition that the shallow aquifer is sealed in the borehole. 
Existing licence holders within buffer zones cannot increase their allocation through trading unless they can demonstrate 
zero impact on the GDE.  Set-back distances from plateau streams have also been established for new bores to reduce 
interference from localised groundwater extraction. These buffers exclude shallow extraction within 40m of the stream 
and exclude high yield groundwater extraction within 100m of the stream. 
 
CONCLUSIONS AND RECOMMENDATIONS 

The groundwater dependent ecosystem map is an initial attempt in firstly identifying areas on the plateau where 
groundwater discharges at the land surface or significantly contributes to the local streams, and secondly prioritising 
which of these areas are the more significant from an ecological perspective. The map highlights the three major 
categories of GDEs that have been identified on the plateau, namely (i) wetlands; (ii) river base flow systems and (iii) 
terrestrial vegetation communities.  The mapping has been incorporated into the Water Sharing Plan for the plateau by (i) 
highlighting the degree of environmental dependencies on the groundwater system and the need for a relatively 
conservative assessment of sustainable yield; (ii) setting buffer zones around the remnant freshwater wetland, riparian 
and rainforest vegetation communities, and establishing groundwater management rules within these zones; and (iii) 
establishing set-back conditions for new bores near streams considering the connectivity between surface water and 
groundwater. 

The ecological assessment underlying the GDE mapping is largely based on historical flora and fauna data that 
tend to be focussed on the rainforest remnants.  Further work is required to assess the ecological character, health and 
significance of specifically the springs and seepage wetland areas. Another information gap is the ecological significance 
of the perennial nature of the plateau streams due to high groundwater base flow. The specific groundwater regime 
needed to sustain the key ecological values of the freshwater wetland, riparian and rainforest remnants is also largely 
unstudied. This information is critical to quantifying environmental water requirements to better define allocations.  
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