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D1. REED BED MONITORING RESEARCH 

D1.1 INTRODUCTION 
Wetlands are one of the most productive ecosystems on earth, providing a range of 
ecosystem services at local and regional scales, and supporting high levels of biological 
diversity (Finlayson et al. 2005, Desta et al. 2012). Wetlands are also among the most 
threatened ecosystems on earth, primarily driven by declines in area (habitat loss), 
degradation, climate change, and alterations to flow regimes (Finlayson et al. 2005, 
Dudgeon et al. 2006, Kingsford et al. 2016). The numerous ecosystem services supported by 
wetlands coupled with their declining condition has prompted a growing need for regular 
and accurate data collection of wetlands to inform management and implement adaptive 
management strategies effectively. 

Reedbeds are a common and important component of wetlands. They provide important 
habitat, trap and process sediment and nutrients, and improve water quality (Tanner 1996, 
Zierholz et al. 2001, MDBA 2012). Reedbeds are typically comprised of the common reed 
(phragmites australis (CAV.) Trin ex Streud.), which is a widely distributed aquatic perennial 
grass of considerable ecological and economic value (Hawke and José 1996), as well as other 
macrophytes such as cumbungi (Typha spp.). The status of common reed varies between 
continents. Declines and dieback in common reed have been observed in Europe and 
Australia, attributed to changes in hydrology, erosion, grazing pressures, mechanical 
damage, and direct destruction (Ostendorp 1989, Roberts 2000, Thomas et al. 2010). 
Common reed has experienced range expansions in North America attributed to changes in 
hydrology and nutrient regimes (Chambers et al. 1999, Galatowitsch et al. 1999). Cumbungi 
has also increased in distribution and abundance in the northern Everglades attributed to 
increased nutrients, changes in hydrology (increased water depth and duration), and a 
recent fire (Newman et al. 1998). Similar range expansions of Cumbungi have occurred in 
Australia since European settlement, attributed to increased available habitat such as 
through the development of farm dams and urban wetlands (Roberts and Marston 2011). 
The economic and ecological implications of both declines and range expansions of common 
reed and cumbungi, and reedbeds more generally have triggered much international 
research on how to assess the condition of reedbeds, indicators of reed health, and their 
response and requirements for watering. 

The Great Cumbung Swamp is a reed swamp that lies at the terminus of the low-gradient 
Lachlan River system, west of Hay, NSW, where the Lachlan River joins the Murrumbidgee 
River during floods which occur in 15-20% of years (O'Brien and Burne 1994, MDBA 2012). 
The Great Cumbung Swamp supports one of the largest areas of common reed and stands 
of river red gum (Eucalyptus camaldulensis Denh.) in NSW (MDBA 2012). The Great 
Cumbung Swamp also supports or is capable of supporting a large number of water bird 
species, including species listed as threatened under Commonwealth and state legislation as 
well as species which are recognized in international migratory bird agreements (Maher 
1990, MDBA 2012). The central reedbeds of the Great Cumbung Swamp also provide an 
important drought refuge for birds (MDBA 2012). 

D1.1.1 KNOWLEDGE GAP AND RESEARCH QUESTIONS 
The vegetation of the lower Lachlan River system has been monitored as part of the Long 
Term Intervention Monitoring (LTIM) project (Dyer et al. 2015). The reedbeds of the Great 
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Cumbung Swamp have not been monitored as part of the LTIM project for logistical and 
financial reasons and nor are they monitored as part of the MER Program (Dyer et al. 2019). 
This means it has not been possible to evaluate the outcomes of the watering of the 
reedbeds. Commonwealth environmental water has been provided to the reedbeds 
multiple times in the past 5 years and it is expected that they will remain a priority into the 
future given recent changes in land ownership (the purchase of significant properties by The 
Nature Conservancy) and expected drought conditions over coming years. In addition, the 
Basin-wide environmental watering strategy (MDBA 2014) specifies objectives for stands of 
common reed and cumbungi in the Great Cumbung Swamp and the inability to monitor 
them is a notable omission.  
 
Monitoring reedbeds poses significant logistical challenges using traditional field-based 
techniques. Access during inundation is difficult and frequently impossible without causing 
considerable damage or taking an inordinate amount of time. Methods are being developed 
across the world (see Section 1.4) to monitor reedbeds using drone imagery and remote 
sensing and there is an opportunity to invest in the research that would underpin the 
development of non-standard methods to monitor the response of reedbeds to the 
provision of environmental water. 
 
The key research questions are: 

1) What are the key indicators of condition for reedbeds?  
2) What is an appropriate monitoring program for stands of common reed and 

cumbungi to capture their response to watering? 
 

The benefits of this research would be three-fold: 

1. During the development of the monitoring approach, data will be collected that will 
facilitate the evaluation of the reedbed response to watering during the MER Program, 
thus enhancing the evaluation provided for the vegetation diversity in the Lachlan 
Selected Area.  

2. Methods will be developed that will underpin monitoring in subsequent programs. 
3. Methods will be transferable to other areas in which water is provided to support 

stands of reeds. 

 

D1.2 STUDY AREA 
The Great Cumbung Swamp is a semi-arid environment, which experiences an (mean) 
annual rainfall of 367.4 mm and a mean maximum temperature of 33.1°C in January and 
15.1°C in July respectively (Bureau of Meteorology 2019). The Great Cumbung Swamp is a 
terminal reed swamp surrounded by floodplain forests, woodlands, and shrublands (MDBA 
2012). Terminal wetlands occur on low-energy rivers where flow spreads out and dissipates 
(Roberts 2000). The upstream reach of the Great Cumbung Swamp is fringed by 1 to 3 m 
wide belts of cumbungi, which also occurs in the surrounding back swamps of the Great 
Cumbung Swamp such as Lake Marool (O'Brien and Burne 1994, Driver et al. 2011). The 
central Great Cumbung Swamp contains a large reedbed dominated by common reed, 
which is the most extensive environment within the Great Cumbung Swamp (Figure 1; 



Lachlan Selected Area Monitoring and Evaluation Plan:  Research Plan 

 

APPLIEDECOLOGY.EDU.AU     9 

O'Brien and Burne 1994). In the central reedbeds, common reed surrounds bodies of open 
water along the channel of the Lachlan River and smaller ephemeral flood channels (O'Brien 
and Burne 1994, Driver et al. 2011). The main channel of the Lachlan River within the Great 
Cumbung Swamp ranges from 0.7 m to up to 1.5 m deep (O'Brien and Burne 1994). 
Surrounding the Great Cumbung Swamp are several lakes not surrounded extensively by 
common reed, but more so by river red gums and groundsel (Senecio sp.) (O'Brien and 
Burne 1994). 

The typical timing of floodplain inundation in the lower Lachlan River is spring, but lower 
lying parts of the floodplain can connect to the river throughout the year (Higgisson et al. 
2019). Water resource development has intensified in the Lachlan River Catchment, since 
the construction of the Wyangla Dam in 1935 (Kingsford 2000). Regulation and flow 
extraction of the Lachlan River has reduced the flow of the Lachlan River (current flows at 
Oxley (near the Great Cumbung Swamp) are approximately half that under undeveloped 
flow conditions (Driver et al. 2011)), which has changed the behavior and distribution of 
floodwaters (Driver et al. 2004, Higgisson et al. 2019). 

 
Figure 1 Map of environments of the GCS (O'Brien and Burne 1994).  

 

D1.3 STUDY SPECIES 
Common reed and cumbungi are emergent aquatic perennial rhizomatous species (PlantNET 
2019), which are both widely distributed across Australia (AVH 2019). In eastern Australia, 
common reed shoots begin to grow in October, and reach maximum height and biomass in 
March-April, then gradually senesce over Autumn and Winter (Roberts and Marston 2011). 
Cumbungi growth increases in spring, and shoots reach their maximum height in early 
summer (Roberts and Marston 2011). Cumbungi and common reed growing in the Great 
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Cumbung Swamp have been observed to have varying response to changes in water 
availability. Cumbungi biomass was observed to rapidly decline when surface water 
availability reduced, while declines in common reed were more gradual (Driver et al. 2011). 
Common reed was also observed to respond more quickly to increased surface water 
availability compared to cumbungi (Driver et al. 2011). 

Common reed has been observed to occur across a range of hydrological conditions and 
tolerate flooding and exposure, while cumbungi generally occurs in permanently flooded 
and hydrologically stable conditions (Blanch et al. 1999). The recommended watering 
regime for common reed is flooding every one to two years, to 20 to 30 cm depth, for five to 
eight months, while the recommended watering regime for cumbungi is flooding annually, 
depth not critical (0.3 to 1.5 m), for eight to 12 months per year (Roberts and Marston 
2011). 

D1.4 MONITORING REEDBEDS 
Indicators of reedbed condition commonly include height, diameter and density of reeds, 
height and diameter of green stems, ratio of green to dry reed stems, density of flower 
heads, the presence of shrubs, and reedbed water levels (Hawke and José 1996, Poulin et al. 
2010, Corti Meneses et al. 2017). Assessing reedbed condition typically occurs through field-
based assessments and using remote sensing techniques. Field-based assessments typically 
involve the measurement of physical indicators (such as density, height and diameter of 
stems) within 1 X 1 m quadrates (Hawke and José 1996) while data collection through 
remote sensing typically involves the use of satellite or drone imagery and LiDAR and multi 
spectral cameras (Assmann et al. 2018). 

During field-based assessments, Corti Meneses et al. (2017) measured density (stems/m2), 
stem diameter, number of stems with and without shoots, and the number of green and 
dried stems. Davranche et al. (2010) measured reed density (by counting the green and dry 
stems inside four (50 X 50 cm) quadrates within 20 X 20 m plots) as well as water level, plant 
cover and composition along two diagonals crossing the entire plot. 

Multi-spectral cameras deployed on drones have also been successfully used to map 
landcover and vegetation attributes across a range of vegetation classes, including wetlands 
(Lebourgeois et al. 2008, Wehrhan et al. 2016, Ahmed et al. 2017). Multi spectral cameras 
work by filtering all but the desired band wavelength (nm). The data from these spectral 
bands are typically combined to generate spectral vegetation indices (SVI) which provide an 
approximate measure of the amount of live and green vegetation. Commonly used spectral 
vegetation indices include the Vegetation Index (VI) (see Tucker 1979), Normalized 
Difference Vegetation Index (NDVI) (Rouse Jr et al. 1973), and Soil Adjusted Vegetation 
Index (SAVI) (Huete 1988). These SVIs can provide useful and accurate data on reedbeds 
(Davranche et al. 2010, Poulin et al. 2010). 

A range of studies have used satellite imagery in mapping wetlands and their associated 
vegetation communities, reedbed attributes (such as composition, extent, height, density 
and productivity), and mapping individual wetland species (Arzandeh and Wang 2003, 
Ghioca-Robrecht et al. 2008, Davranche et al. 2010, Poulin et al. 2010, Corti Meneses et al. 
2017), including studies within Australia (Johnston and Barson 1993, Thomas et al. 2010). 
Aerial photography is generally preferred for detailed mapping of wetland types while 
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satellite imagery are more appropriate for large geographic areas (Johnston and Barson 
1993, Ozesmi and Bauer 2002). 

D1.5 STUDY DESIGN  
This project will involve on-ground field-based data collection and data collection from 
drone imagery using a multi spectral camera and satellite multi spectral imagery. Field and 
drone-based data collection will involve regular monitoring of fixed locations within the 
central reedbeds of the GCS over the period of October through April annually for two 
years. Growth rates and biomass in reedbeds varies throughout the year in response to 
seasonal changes in temperature and water availability (Engloner 2009 and references 
therein). The Spring/Summer period is the main growth period of common reed (Roberts 
and Marston 2011). These two years of data will be used to develop a standard monitoring 
approach which will be implemented as a trial in year 3 of the research program. Thus the 
year 3 data will complete the research program and will be used to contribute to evaluation 
in year 3 of the MER Program. 

A field trip to the GCS was undertaken in early August 2019 following an environmental 
watering event in May/June 2019. This trip was undertaken to investigate where the water 
from this watering event reached within the reedbed and inform the selection of monitoring 
sites. Within the reedbed of the GCS there were several ephemeral channels off the main 
channel of the Lachlan River that were inundated and retaining water. These lowering lying 
parts of the GCS are devoid of reeds. These open sections are surrounding by thick and tall 
stands of common reed. With increasing distance from the main channel of the Lachlan 
River and from these ephemeral channels the density and height of the common reed 
appears to reduce (Figure 2). 

 
Figure 2 The common reed reedbed of the GCS on 31 July 2019. Photo taken from a drone by Mal 
Carnegie.  

Through observations during the field trips in August and October 2019, historic sentinel 
imagery of the Great Cumbung Swamp during flooding, and LiDAR (Appendix A1) to 
compare elevation, nine sites were identified as appropriate. Each site is a 50 by 50 m 
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sqaure. These nine sites occur across a hydrological gradient from frequently wet to dry. 
Three broad hydrological categories were defined (Wet, Medium and Dry) and sites were 
assigned to each category (Figure 3).

Figure 3 The sites used as part of this study. Each site contains 9 - 1m2 quadrates. Sites are 
colored by preliminary watering categories: orange = dry sites, yellow = medium sites, and 
blue = wet sites. 

 

D1.6 METHODS  
Field-based data collection will include the measurement of height, number, and cover of 
green and dry reeds, number of flower heads, species richness and abundance of other 
species, percentage of litter, bare ground and water, and average water depth in (9) 1 X 1 m 
quadrates, situated within each 50 X 50 m site (Figure 4). These 50 X 50 m sites will also be 
surveyed by a drone using a multi spectral camera. The drone will capture each site, flying at 
a height of 40 m, taking an overlap of 85% footage. This should take around 11 minutes 
flight time. 
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Figure 4 Diagrammatic representation of the study design, showing the layout of the 1 X 1 m 
quadrates used for field-based assessments within the 50 X 50 m quadrate used for remote sensing. 

 

The drone imagery of each site will be prepared and joined for processing. The mean 
reflectance values for each spectral band will be extracted for each site using the ‘spatial 
analyst’ of ArcGis (as has been done by Davranche et al. 2010, Poulin et al. 2010). Using the 
mean reflectance values for each spectral band, four spectral vegetation indices (SVIs) 
commonly found in the literature will be calculated (Table 1). These spectral vegetation 
indices provide an approximate measure of the amount of live and green vegetation and 
therefore can be used to detect a response to environmental conditions or a management 
action such as environment watering. The drone imagery will also be used to produce a 
DEM (Digital elevation model). 

Table 1 Spectral vegetation indices used as part of this study. 

Vegetation index Formula References  

Vegetation Index (VI)  NIR / Red Rouse Jr et al. (1973) 

Normalized Difference Vegetation 
Index (NDVI)  

(NIR – Red) / (NIR + Red) Rouse Jr et al. (1973) 

Differential Vegetation Index (DVI)  NIR – Red See: Tucker (1979) 

Soil Adjusted Vegetation Index 
(SAVI) 

((NIR – Red) / (NIR + Red) 
+ 0.5) X 1.5 

Huete (1988) 
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The field-based indicators (such as height, number and cover of reeds, ratio of green to dry 
reeds) and multispectral indices (such as NDVI) obtained with the drone will be analysed 
with respect to hydrological conditions to determine the contribution of environmental 
water to these indicators and reedbed condition more broadly.  The hydrological conditions, 
including the number of inundation events, and the timing and duration of events over the 
previous year will be calculated for each site using sentinel imagery. The sites which 
received environmental watering will be compared to those sites which did. The field-based 
indicators and vegetation indices derived from drone imagery will be assessed and 
compared to investigate each indicators response to watering/environmental conditions. 

 satellite imagery of the entire GCS (approx. 14 km X 10 km in area) will be obtained and 
analyzed using the Geoscience Digital Earth Australia platform. The classification and 
differentiation of the two target wetland species (common reed and cumbungi), bare 
ground and open water will be undertaken. A number of ‘reference points’ of common reed 
and cumbungi, along with sites of non-target vegetation and open water will be used to 
provide field validation, and assess the accuracy of remotely identifying each category using 
the accuracy matrix defined by Congalton (1991). These reference points will be visited 
during field-based assessments where the vegetation class will be assigned based on the 
tallest vegetation layer and the location will be taken with a GPS. The mean reflectance 
values for each spectral band will be calculated for each species across the GCS, and the SVIs 
outlined in table 1 will be calculated. The data obtained from the satellite imagery will 
provide an estimated total coverage area for: common reed and cumbungi, water, and bare 
ground across the entire GCS over the available satellite imagery (mid-1980s to present). 

 

D2. APPROVALS, LICENSING AND REVIEW 
The University of Canberra has the appropriate permissions and protocols in place for 
drone-based monitoring and Alica Tschierchke (an LTIM and MER team member) is the 
Universities chief drone pilot.  Will Higgisson will undertake pilot training in May 2020. 

Permission has been granted to monitor reedbeds within the Great Cumbung Swamp on the 
Northern side of the Lachlan River within the property owned by The Nature Conservancy. 
The Nature Conservancy does not run livestock within their part of the Great Cumbung 
Swamp or burn the reedbeds. Therefore, focusing our research within this property will 
improve our ability to detect a response of the reeds to watering. 

A steering committee will be established for the research program that will involve Dr 
Rachel Thomas (NSW DoPIE), Dr Sharon Bowen (NSW DoPIE) and Dr Patrick Driver (NSW 
DoPIE). 

D3. OUTPUTS AND OUTCOMES 

D3.1 INFORMING ENVIRONMENTAL WATERING 
The research is expected to inform environmental watering through the collection of 
primary monitoring data on the response of the reedbeds to environmental water 
throughout the MER program. It is expected that the evaluation reports in years 2 and 3 of 
the MER program (and possibly year 1) will be able to use these data in the technical 
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reporting provided to the CEWO thus enhancing the evaluation provided for the vegetation 
diversity in the Lachlan Selected Area. 

The research will also contribute to the broader knowledge base around the response of 
reedbeds to water and the types of methods used to monitor the responses. 

D3.2 PUBLICATIONS 
Three types of publications will be generated from the research: 

1. Scientific publications 
2. Methods documents, including standard operating procedures for methods that may 

be used in subsequent monitoring programs. 
3. Technical report chapters. 

 

 

 

  



Lachlan Selected Area Monitoring and Evaluation Plan:  Research Plan 

 

APPLIEDECOLOGY.EDU.AU     16 

D4. REFERENCES 
 

Ahmed, O. S., A. Shemrock, D. Chabot, C. Dillon, G. Williams, R. Wasson, and S. E. Franklin. 
2017. Hierarchical land cover and vegetation classification using multispectral data 
acquired from an unmanned aerial vehicle. International Journal of Remote Sensing 
38:2037-2052. 

Arzandeh, S., and J. Wang. 2003. Monitoring the change of Phragmites distribution using 
satellite data. Canadian Journal of Remote Sensing 29:24-35. 

Assmann, J. J., J. T. Kerby, A. M. Cunliffe, and I. H. Myers-Smith. 2018. Vegetation monitoring 
using multispectral sensors—best practices and lessons learned from high latitudes. 
Journal of Unmanned Vehicle Systems 7:54-75. 

AVH. 2019. Australia's Virtual Herbarium, Council of Heads of Australasian Herbaria. 
http://avh.chah.org.au Accessed: 12-07-2016. 

Blanch, S. J., G. G. Ganf, and K. F. Walker. 1999. Tolerance of riverine plants to flooding and 
exposure indicated by water regime. Regulated Rivers: Research & Management: An 
International Journal Devoted to River Research and Management 15:43-62. 

Bureau of Meteorology, A. G. 2019. Climate statistics for Australian locations, Summary 
statistics Collector (Winderadeen)  

Chambers, R. M., L. A. Meyerson, and K. Saltonstall. 1999. Expansion of Phragmites australis 
into tidal wetlands of North America. Aquatic Botany 64:261-273. 

Congalton, R. G. 1991. A review of assessing the accuracy of classifications of remotely 
sensed data. Remote Sensing of Environment 37:35-46. 

Corti Meneses, N., S. Baier, J. Geist, and T. Schneider. 2017. Evaluation of Green-LiDAR Data 
for Mapping Extent, Density and Height of Aquatic Reed Beds at Lake Chiemsee, 
Bavaria—Germany. Remote Sensing 9:1308. 

Davranche, A., G. Lefebvre, and B. Poulin. 2010. Wetland monitoring using classification 
trees and SPOT-5 seasonal time series. Remote Sensing of Environment 114:552-562. 

Desta, H., B. Lemma, and A. Fetene. 2012. Aspects of climate change and its associated 
impacts on wetland ecosystem functions: A review. J Am Sci 8:582-596. 

Driver, P., S. H. Chowdhury, T , P. Lloyd-Jones, G. Raisin, C. Ribbons, G. Singh, and P. Wettin. 
2004. Natural and modified flows of the Lachlan Valley wetlands.in P. a. N. R. NSW 
Department of Infrastructure, Central West Region, editor. Resource Analysis Unit, 
NSW Department of Infrastructure, Planning and Natural Resources, Central West 
Region, Forbes, NSW, Australia. 

Driver, P. D., E. Barbour, and K. Michener. 2011. An integrated surface water, groundwater 
and wetland plant model of drought response and recovery for environmental water 
management. Pages 12-16 in 19th International Congress on Modelling and 
Simulation, Perth, Australia. 

Dudgeon, D., A. H. Arthington, M. O. Gessner, Z.-I. Kawabata, D. J. Knowler, C. Lévêque, R. J. 
Naiman, A.-H. Prieur-Richard, D. Soto, and M. L. Stiassny. 2006. Freshwater 

http://avh.chah.org.au/


Lachlan Selected Area Monitoring and Evaluation Plan:  Research Plan 

 

APPLIEDECOLOGY.EDU.AU     17 

biodiversity: importance, threats, status and conservation challenges. Biological 
Reviews 81:163-182. 

Dyer, F., B. Broadhurst, J. Thiem, R. Thompson, P. Driver, S. Bowen, M. Asmus, and J. 
Lenehan. 2015. Commonwealth Environmental Water Office Long Term Intervention 
Monitoring Project Lower Lachlan river system 2015 Annual Report. University of 
Canberra: Canberra. 

Dyer, F., B. Broadhurst, A. Tschierschke, R. Thompson, R. Clear, P. Driver, S. Bowen, J. 
Lenehan, R. Thomas, L. Thurtell, P. Packard, D. Wright, J. Thiem, and K. Brandis. 
2019. Commonwealth Environmental Water Office Lachlan Selected Area 
Monitoring, Evaluation and Research Plan (2019-2022). University of Canberra, 
Canberra. 

Engloner, A. I. 2009. Structure, growth dynamics and biomass of reed (Phragmites 
australis)–A review. Flora-Morphology, Distribution, Functional Ecology of Plants 
204:331-346. 

Finlayson, M., R. Cruz, N. Davidson, J. Alder, S. Cork, R. de Groot, C. Lévêque, G. Milton, G. 
Peterson, and D. Pritchard. 2005. Millennium Ecosystem Assessment: Ecosystems 
and human well-being: wetlands and water synthesis. Island Press. 

Galatowitsch, S. M., N. O. Anderson, and P. D. Ascher. 1999. Invasiveness in wetland plants 
in temperate North America. Wetlands 19:733-755. 

Ghioca-Robrecht, D. M., C. A. Johnston, and M. G. Tulbure. 2008. Assessing the use of 
multiseason QuickBird imagery for mapping invasive species in a Lake Erie coastal 
marsh. Wetlands 28:1028-1039. 

Hawke, C., and P. José. 1996. Reedbed management for commercial and wildlife interests. 
Royal Society for the Protection of Birds. 

Higgisson, W., B. Higgisson, M. Powell, P. Driver, and F. Dyer. 2019. Impacts of water 
resource development on hydrological connectivity of different floodplain habitats in 
a highly variable system. River Research and Applications. 

Huete, A. R. 1988. A soil-adjusted vegetation index (SAVI). Remote Sensing of Environment 
25:295-309. 

Johnston, R. M., and M. M. Barson. 1993. Remote sensing of Australian wetlands: An 
evaluation of Landsat TM data for inventory and classification. Marine and 
Freshwater Research 44:235-252. 

Kingsford, R. T. 2000. Ecological impacts of dams, water diversions and river management 
on floodplain wetlands in Australia. Austral Ecology 25:109-127. 

Kingsford, R. T., A. Basset, and L. Jackson. 2016. Wetlands: conservation's poor cousins. 
Aquatic Conservation: Marine and Freshwater Ecosystems 26:892-916. 

Lebourgeois, V., A. Bégué, S. Labbé, B. Mallavan, L. Prévot, and B. Roux. 2008. Can 
commercial digital cameras be used as multispectral sensors? A crop monitoring test. 
Sensors 8:7300-7322. 

Maher, P. N. 1990. Bird survey of the Lachlan/Murrumbidgee confluence wetlands. NSW 
National Parks and Wildlife Service Griffith. 



Lachlan Selected Area Monitoring and Evaluation Plan:  Research Plan 

 

APPLIEDECOLOGY.EDU.AU     18 

MDBA. 2012. Assessment of environmental water requirements for the proposed Basin 
Plan: Great Cumbung Swamp. MDBA, Canberra. 

MDBA. 2014. Basin-wide enviromental watering strategy. Murray–Darling Basin Authority, 
Canberra, Australia. 

Newman, S., J. Schuette, J. Grace, K. Rutchey, T. Fontaine, K. Reddy, and M. Pietrucha. 1998. 
Factors influencing cattail abundance in the northern Everglades. Aquatic Botany 
60:265-280. 

O'Brien, P., and R. Burne. 1994. The Great Cumbung Swamp--terminus of the low-gradient 
Lachlan River, Eastern Australia. AGSO Journal of Australian Geology and Geophysics 
15:223-234. 

Ostendorp, W. 1989. ‘Die-back’of reeds in Europe—a critical review of literature. Aquatic 
Botany 35:5-26. 

Ozesmi, S. L., and M. E. Bauer. 2002. Satellite remote sensing of wetlands. Wetlands Ecology 
and Management 10:381-402. 

PlantNET. 2019. Royal Botanic Gardens and Domain Trust, Sydney. 

Poulin, B., A. Davranche, and G. Lefebvre. 2010. Ecological assessment of Phragmites 
australis wetlands using multi-season SPOT-5 scenes. Remote Sensing of 
Environment 114:1602-1609. 

Roberts, J. 2000. Changes in Phragmites australis in south-eastern Australia: A habitat 
assessment. Folia Geobotanica 35:353-362. 

Roberts, J., and F. Marston. 2011. Water regime for wetland and floodplain plants: a source 
book for the Murray-Darling Basin. National Water Commission Canberra. 

Rouse Jr, J. W., R. H. Haas, J. Schell, and D. Deering. 1973. Monitoring the vernal 
advancement and retrogradation (green wave effect) of natural vegetation. 

Tanner, C. C. 1996. Plants for constructed wetland treatment systems—a comparison of the 
growth and nutrient uptake of eight emergent species. Ecological Engineering 7:59-
83. 

Thomas, R., S. Bowen, S. Simpson, S. Cox, N. Sims, S. Hunter, and Y. Lu. 2010. Inundation 
response of vegetation communities of the Macquarie Marshes in semi-arid 
Australia. Ecosystem response modelling in the Murray-Darling Basin 137. 

Tucker, C. J. 1979. Red and photographic infrared linear combinations for monitoring 
vegetation. Remote Sensing of Environment 8:127-150. 

Wehrhan, M., P. Rauneker, and M. Sommer. 2016. Uav-based estimation of carbon exports 
from heterogeneous soil landscapes—A case study from the carbozalf experimental 
area. Sensors 16:255. 

Zierholz, C., I. Prosser, P. Fogarty, and P. Rustomji. 2001. In-stream wetlands and their 
significance for channel filling and the catchment sediment budget, Jugiong Creek, 
New South Wales. Geomorphology 38:221-235. 

  



Lachlan Selected Area Monitoring and Evaluation Plan:  Research Plan 

 

APPLIEDECOLOGY.EDU.AU     19 

D5. SUPPLEMENT 

 
1. LiDAR Image of the Great Cumbung Swamp and surrounding area. 
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