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The health of native vegetation reserves across urban areas is declining, and the City of Greater Dandenong is no 

exception. The Millenium Drought and nearby urbanisation are contributing to this deterioration. Additionally, 

land use changes render these ecosystems less resilient to climate change forecasts, namely reduced mean annual 

rainfall and greater mean annual temperature. Water stress is believed to be a contributing factor in the decline in 

the ecological health of vegetation. The installation of stormwater drains resulted in altered catchment hydrology 

and drought led to the drying of the reserve’s soils. This is particularly evident in native Eucalyptus woodlands. 

The City of Greater Dandenong, with the assistance of GHD, has developed a framework to consider the 

environmental value of native vegetation reserves and to identify threats relating to the water cycle. A key 

element to the framework is to gain an understanding of the water requirements of the species or ecological 

communities of a site and their dependence on the current water regime. This framework was applied to two 

reserves within Greater Dandenong and the results for one of these are discussed in this paper. The city council 

plans to use the framework to inform the management of bushland reserves across the municipality and to assess 

methods to replenish the vadose (unsaturated) zone, such as small-scale infiltration systems or via ecological 

thinning. It is hoped that this holistic management approach will render these reserves more resilient to changes 

and provide an important water reserve during drought periods.  

 

1 INTRODUCTION  

A number of government authorities, such as Parks Victoria and local government agencies, manage native 

vegetation and remnant bushland reserves across Victoria. These reserves protect biodiversity and provide 

ecological and environmental benefits as well as recreational, educational and cultural benefits to the community 

[1, 2 & 3]. The biodiversity of these systems is at risk from a range of pressures, including grazing, feral animals, 

invasive weeds, altered fire regime, habitat fragmentation, vegetation clearing, altered hydrology and salinity[4]. 

Across Australia, vegetation clearance for agriculture and urban development resulted in a net loss of 

approximately 260,000 hectares of forest per year between 2000 and 2004 [4]. Victoria, the most ‘cleared’ state 

in Australia, has seen more than 60% of its native vegetation removed [5]. 

The City of Greater Dandenong (CGD) is a local government organisation located approximately 30 

kilometres south-east of Melbourne, Victoria. It is one of Melbourne’s major growth centres with an estimated 

population of 147 000 in 2014, which is predicted to increase to approximately 170 000 by 2031. Some of the 

housing required for the forecast growth will be provided by greenfield development and the remainder by infill 



development. The areas where new estates are proposed often include habitat of high conservation value and 

valuable native trees. As an example, within Greater Dandenong, over 3.5 ha of high or very high conservation 

significance Plains Grassy Woodland (Ecological Vegetation Class (EVC) 55) is located within the 130 ha 

Somerfield Estate housing development in Keysborough [6]. Loss of native vegetation, whilst inevitable, is 

minimised during the planning stage. Moreover, off-set targets are set to ensure “like-for-like” replacement. The 

city council ultimately inherits off-set reserves, designed to protect valuable vegetation.  

The road and drainage infrastructure, constructed as part of these new estates, alters the local hydrology and 

may therefore impact on the long-term health of the remaining vegetation. Increasingly, council officers are 

observing that trees and vegetation become water-stressed following development. Urbanisation in existing 

suburbs may also increase pressure on existing native reserves. CGD is allocating considerable resources to 

alleviate the ongoing decline of its reserves. In this paper we present a framework to assess and address the water 

management of urban bushland reserves. The objective of this framework is to provide a simple step-by-step 

process to assist with understanding the causes of vegetation decline and to incorporate considerations of the 

local hydrologic cycle in the management of its native vegetation reserves. Ultimately, this framework will lead 

to the development of more holistic management strategies to protect ecosystem values from further threats. To 

date this framework has been applied to two reserves within Greater Dandenong and the results for National 

Drive Reserve, Lyndhurst, are discussed in this paper. 

 

2 BUSHLAND MANAGEMENT PLANS 

The council prepares management plans for a number of its reserves to assist in the management and 

conservation of fauna and flora. Management plans generally focus on vegetation management (indigenous 

vegetation management and weed control), fire management and fauna management (pest and native animals). 

The change in land cover imposed by urban development and the introduction of non-native species can lead to 

modifications in tree physiology and morphology, with tree water use and growth, as well as infiltration patterns, 

that differ from the original native ecosystem [7]. It is, for example, common for remnant vegetation sites, 

identified as specific Ecological Vegetation Classes by the Victorian Department of Environment, Land and 

Water Planning, to exhibit characteristics of a different EVC due to changes in land management since European 

settlement. These changes may affect vegetation structure and/or composition and may be caused by modified 

hydrology, fire regimes and/or land use. As illustrated in Table 1, bushland management plans often do not 

include recommendations for water management. The changing hydrology may be recognised as a contributing 

factor to the decline of ecological health, such as for Alex Wilkie Nature Reserve in Springvale South: however, 

management plans rarely include specific recommendations to mitigate water resource issues.  

 

Table 1. Summary of recommendation types for existing Greater Dandenong bushland reserve management 

plans 

 

 Year 

completed 

Native 

vegetation 

management 

Weed 

management 

Fire 

management 

Fauna 

management 

Others 

(visitors) 

Hydrological 

processes 

management 

Fotheringham 

Reserve 
2008 YES YES YES YES YES NO 

Jacksons Road 2003 YES YES YES YES YES NO 

National Drive 

Reserve 
2008 YES YES YES YES YES YES 

Alex Wilkie Nature 

reserve 
2009 YES YES YES YES NO NO 

Falkiner Reserve 2006 YES YES YES YES NO YES 

Tirhatuan Park 2006 YES YES YES YES NO YES 

Coomoora 

Woodland Flora 

and Fauna Reserve 

2009 YES YES YES YES YES NO 

 



Water stress is only one possible factor that may contribute to tree loss as tree mortality is often a result of a 

number of factors [8]. The recent drought in Victoria and associated water restrictions were also considered to be 

major contributors in the decline of trees within the City of Melbourne [9]. While a changing hydrology may be 

highlighted in the management plans, recommendations to address the problem are generally not proposed 

within them. 

 

3 FRAMEWORK FOR ASSESSING VALUES, THREATS AND WATER REQUIREMENTS OF 

A BUSHLAND RESERVE 

A number of initiatives across Greater Melbourne have been initiated by local government in recent years to 

prepare for future water scarcity. These include the construction of stormwater harvesting systems and passive 

irrigation systems. The water from these schemes, however, is generally destined for turf-based sport facilities 

and/or streetscape trees. They often feed sprinkler irrigation systems, which are commonly considered to 

promote shallow tree root systems [9].  Root mortality in the upper soil layers may limit the ability of River Red 

Gum, Eucalyptus camaldulensis, to access surface moisture sources following seasonal drought stress [10]. 

Shallow root systems may therefore be more vulnerable to water stress and periods of drought. Native trees may 

also rely on groundwater and research has shown that the proportion of groundwater use by E. camaldulensis can 

be greater than 40% of the total water used by these trees [11 & 12]. Additionally, E. camaldulensis can exhibit 

hydraulic lift ability [13]. River Red Gum trees can thus access water deep in the soil profile and release it into 

the upper soil profile (usually at night). The water is then available for up-take by the same tree as well as 

surrounding vegetation during the day [14].  

Extended drought period, such as the will impact on groundwater Millennium Drought,levels, as shown in 

Figure 1. During the Millennium Drought, between 1996 and 2010, the monitoring records of State Observation 

Bore Network (SOBN) bores located within Greater Dandenong showed a decline in groundwater during the 

drought period, with a partial recovery since 2011, with groundwater levels still approximately 1m below pre-

drought conditions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Groundwater hydrographs for SOBN bores, Lyndhurst (from GHD’s Stormwater Disconnect Projects 

National Drive Reserve report, June 2015 [15]). Location of bores shown in Figure 3. 

 

Understanding site hydrology may assist in the management of urban trees and landscape [16]. GHD Pty 

Ltd, on behalf of CGD, has developed a framework to consider the environmental value of native vegetation 

reserves in a generalised context of threats, but with a particular focus on those relating to the water cycle. A 

simplified version of the step-by-step methodology followed by this framework is presented in Figure 2. 



  

 
Figure 2. Simplified framework for assessing values, threats and water requirements of a reserve. 

 

A key element to the framework is to gain an understanding of the water requirements of the ecological 

values, species or communities of a site and their dependence on the current water regime. The framework was 

established as a series of phases, with the initial phases defining the objectives and boundaries of the 



investigation of a reserve(s). Subsequently, the phases relate to understanding site specific characteristics of a 

reserve, such as its core ecological values, the hydrological and hydrogeological conditions of the site and 

possible threats. The latter phases consider possible interventions or treatments to address modified hydrology, 

where required. These phases rely on a desktop review of available information and site inspections. The final 

phase is the monitoring of the reserves. Monitoring is required to both assess and track the condition of a reserve, 

but it is also required to assess the effectiveness of any mitigation measure.  

 

4 NATIONAL DRIVE RESERVE 

The framework was applied to two reserves within Greater Dandenong and the results for National Drive 

Reserve, a reserve located in Dandenong South, are discussed below.  National Drive Reserve contains remnants 

of pre-European settlement vegetation with a suite of lifeforms typical of Plains Grassy Woodland (EVC 55) and 

Plains Grassy Wetland (EVC 651). The canopy is dominated by Eucalyptus camaldulensis across the whole site. 

The Plains Swampy Woodland, located in the eastern section of the site, has a sedgy understorey consisting of 

species adapted to frequently wet soil and occasional inundation.  The Plains Grassy Woodland, in the western 

section, has a very dense River Red gum canopy, which includes old growth Red Gums. Its understory is 

generally dominated by species characteristic of well-drained conditions [17]. These include Small grass-tree 

Xanthorrhoea minor, Chocolate Lily Arthropodium strictum, Milkmaids Burchardia umbellate, Slender Wallaby-

grass Austrodanthonia racemosa and Weeping Grass Microlaena stipoides. It is suspected that past land use 

modification of the natural hydrological regime in the form of drainage lines and construction of the industrial 

estate surrounding the site, have significantly altered the hydrology. As illustrated in Figure 3, the area has been 

significantly developed in recent years, with major changes to the upstream catchment. A water balance for the 

site was undertaken to compare pre-developed and existing conditions. The water balance analysis was 

undertaken using MUSIC (Model for Urban Stormwater Improvement Conceptualisation, Version 6.01) and 

indicated a significant increase in frequency of overland runoff (Table 2), which may in turn influence the 

structure of vegetation within the reserve.    



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Pre- and post-development catchment at National Drive Reserve, Dandenong South 

 

 

Table 2. Pre- and post-development catchment analysis of National Drive Reserve, Dandenong South 

 

 Pre-development 

(2 sub-catchments) 

Post-development 

Catchment areas 199.3ha / 745.3 ha 11.54 

Impervious Areas  0ha (0%) 8.46ha (73%) 

Average annual number of 

runoff days 
17 107 

Average annual runoff    

(ML/yr) 2019 62.5 

(KL/year/ha) 2137 5411 

 

Despite years of drought and rainfall deficit, the River Red Gums are healthy and long-term plant loss due to 

drought is not evident. However, the structure of the Plains Grassy Woodland is more typical of a forest, with a 

high density of young trees. The large numbers of young River Red Gums, which form dense stands around the 

larger and older trees, suggest that the site may be frequently inundated. Greater canopy/tree density may 

increase competition for water, light and nutrients, especially during periods of drought. Additionally, dense 



patches of the pest plant Paspalum Paspalum dilatatum, indicative of wetter conditions, are evident in areas of 

the reserves to the detriment of native indigeneous species. A management strategy based solely on weed 

management may achieve fewer results in promoting indigenous species if a water cycle imbalance that favours 

invasive species is not addressed first.  

The site is located upon unconsolidated Tertiary age sediments, comprising sands, silts, clays and gravels. 

Based on a desktop assessment, the depth to groundwater at the site is estimated to be between 4 m to 6 m and 

measured at 3.955 m below ground level when an observation borehole was installed. Given the hydrogeological 

characteristics of the region, including ground water salinity, it is considered that the E. camaldulensis within the 

two woodlands may be supported either seasonally or permanently by groundwater. The change in catchment 

hydrology may, therefore, also influence groundwater levels as infiltration would have dominated pre-

development processes.  

Importantly, the study highlighted a lack of quantitative data to support anecdotal information. Further 

condition monitoring is needed to assess whether intervention is required to restore a more natural water regime. 

Monitoring is recommended to firstly establish a baseline condition and subsequently to assess impact of future 

management decisions. The proposed monitoring program will include measurement of a number of ecological 

parameters, including stand and/or tree conditions, flora quadrats and weed cover. This information will be 

supplemented by hydrogeological data measurements, including groundwater and soil moisture.  

5   CONCLUSION 

GHD, on behalf of the City of Greater Dandenong, has developed a framework to consider environmental 

values of native vegetation reserves.  

To date, this framework was applied to two reserves within Greater Dandenong. It identified a range of possible 

threats including water cycle imbalance at National Drive Reserve. More importantly, it highlighted the lack of 

long-term monitoring data. Monitoring is important to: 

 Establish baseline condition, identify trends (e.g. declining soil moisture, declining health of vegetation) 

 Confirm the need for intervention; and  

 Measure the effectiveness of future management.  

As a result, Council is implementing a program to monitor the health of the vegetation and hydrogeological 

parameters over time.  

This simple assessment tool may be applied to an existing park or bushland reserve as well as for off-set 

reserves that the council may inherit in the future. The council also plans to use the framework to assess means 

to replenish the vadose (unsaturated) zone, via small-scale infiltration systems or via ecological thinning. It is 

hoped that this holistic management approach will render these reserves more resilient to changes and provide an 

important water reserve during drought periods. The resulting information will inform the development of future 

bushland management plans for National Drive and other reserves. 
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