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“It’s all interconnected – less business and farm activity, means fewer jobs and fewer people in the 
district. Those who remain carry a bigger burden both for the community and their businesses and 
are time-poor on many levels. We need change.” Eric Dowling – Grazier and former Shire 
President 
 
“I’m over 50 and in my whole life Jerrawa Creek has never looked as bad as it does now – for 
around 5 years the quality and volume of water has decreased. It’s a crying shame and something 
needs to be done.” David Holgate - Grazier 
 
“The rate and severity of change in so many areas is very concerning. Together we have more 
chance of good outcomes than separately.” Kath Cosgrove - Grazier and board member of the 
former Yass RLPB 
 
“There are opportunities for business and community growth – but these need to be understood 
against the backdrop of the changes facing us in coming years and decades. I’m keen to be involved 
in community renewal” Melinda Medway – Business Owner 
 
“I have noticed a decline of about one third in district perennial pastures since 2000. Soil 
phosphorous levels have halved. This decline in our soil fertility needs to be addressed and I hope 
LandWaterLife can make a start on this” Roger Willoughby - Joint Principal, Gunning Rural 
Supplies. 
 
"Our community can achieve great things when we agree on our goals. I'll be at LandWaterLife on 
the 26th. I'll look forward to catching up with you." John Shaw - Grazier and Mayor, Upper 
Lachlan Shire Council 
 
“We have made a lot of progress in making our farming practices more sustainable in recent years 
but, as a community, there is a lot more we could do. I think LandWaterLife will help us find new 
and better ways to improve farming and the environment in our district.” Mary Walsh - Grazier 
and landcarer, Dalton.  
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Executive Summary  
Purpose 
LandWaterLife has been developed in response to the need identified by the community to 
better understand the state of the natural resources in the region. This plan is designed to 
be used as a tool to educate and encourage the community to take more affirmative action 
to protect and improve the local environment. The information can also assist the 
community to prioritise issues for future projects, assist in project planning and in developing 
funding applications.  
 

The Planning Process 
A community meeting was held in March 2009. The aim of the meeting was to provide 
information on the current state of the Jerrawa Creek Catchment and to enable the 
community to express their views on issues that are of high priority for the region and that 
are to be included in the plan. In order of priority these issues were:  

• Weed control – in particular Serrated Tussock 

• Water ways, clean water and water conservation 

• Soil and pasture health 

• Feral animal control – in particular foxes 

• Better community education and engagement 

• Adapting to changed economic and climatic conditions with an ageing population 

• Revegetation and biodiversity 

• Greater financial assistance for farmers’ environmental work 

• Reduce pressure on land, stock and people. 
 

Regional Overview 
The Jerrawa Creek Landcare Group serves landholders in and around the Jerrawa Creek 
Catchment, a tributary of the Lachlan River in the Southern Tablelands of New South Wales. 
Jerrawa Creek is nestled in a valley within the Mundoonen Ranges, which forms part of the 
Great Dividing Range.  
 
The first settlers in the region were the Ngunnawal people, settling in the region 
approximately 20,000 years ago.1 European settlers arrived in the early 1800’s immediately 
recognised the area for its agricultural and grazing potential.1, 2  
 
Agriculture is now the largest industry in the region utilizing 90% of the land for grazing by 
sheep and cattle for wool, lamb and beef production. Agriculture is also the largest 
contributor to the local economy employing more than 30% of the local workforce. Retail 
and tourism are the second and third largest contributors to the local economy, 
respectively.7, 9 Since 2002, drought has impacted on the region with a decline in perennial 
pasture cover and carrying capacity, reduced stock numbers and wool production, and 
reduced on farm income.  
 

                                    
1NSW Government Department of Environment and Climate Change, South Eastern Highlands – regional history, viewed 20 
February 2009, <http://www.environment.nsw.gov.au/bioregions/SouthEasternHighlands-History.htm> 
2Upper Lachlan Shire Council, A Snapshot of Gunning’s History, viewed 20 February 2009, <http://upperlachlan.local-
e.nsw.gov.au/about/1273/1399.html> 
7Australian Bureau of Statistics. Labour Force, Australia, December 2008, viewed 10 March 2009, 
<http://www.abs.gov.au/ausstats/abs@.nsf/mf/6202.0> 
9Upper Lachlan Shire Council. About Upper Lachlan Shire, viewed 7 May 2009, <http://upperlachlan.local-
e.nsw.gov.au/about.html> 
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Currently, 11% of farming families in the region are receiving drought recovery assistance 
and 2.2% of farming families are receiving interest rate subsidies (Kearins pers. comm. 2009). 
Increasing numbers of farming families also require off-farm income.  
 

LAND 
The geology of the region is predominantly of sedimentary origin with granite batholithic 
intrusions in the southern and eastern parts of the catchment.17 The soils in the catchment 
are highly variable, reflecting the varied geology and topography of the region. 
 

Soil Fertility 
The majority of soils in the Upper Lachlan Catchment are inherently low in soil chemical 
fertility16, 17 and chemical inputs are required to maintain productive pastures. The majority 
of soil types in the region also have poor structural stability and are susceptible to surface 
crusting and compaction (Leech pers. comm. 2009). Minimal information is available on the 
biological fertility of the soil in the region. 
 

Soil Acidity 
Many of the soils in the region are naturally acidic with 78.1% described has having acid 
topsoils.17 Soil acidification has been described as one of the most serious land degradation 
issues for Australian agriculture.25 It is estimated that 16 to 20 million hectares of agricultural 
land in NSW is affected by acid topsoil costing up to $378 million in lost agricultural 
revenue.25  
 

Soil Erosion 
Seventy two percent (72%) of the catchment is affected by soil erosion. Extensive areas of 
minor and moderate sheet erosion affect 47% and 16% of the catchment, respectively. 
Severe sheet erosion affects just 1% of the catchment. A very small area (0.03%) is affected 
by rill erosion. Mass movement (sliding and slumping) was not recorded within the 
catchment boundary. 
 

Dryland Salinity 
Much of the Jerrawa Creek Catchment is classified as having a moderate to high salinity 
hazard. Dryland salinity affects 880 hectares (2.4%) of the catchment. The majority of the 
affected area (539 hectares or 1.5% of the catchment) remains in the early phase of dryland 
salinity, with 126 hectares (0.34% of the catchment) associated with low to moderate sheet 
erosion, and 237 hectares (0.64% of the catchment) associated with severe rill and sheet 
erosion.  
 

Grazing and Pasture Management 
Native pastures dominate the NSW Southern Tablelands, occupying approximately 50 – 60 
percent of the region.26, 40 Local studies have shown that fertilised native pastures oversown 
with subterranean clover are carrying up to 80% of the stocking rates of fertilised pastures 
sown with introduced grasses and legumes.40  
 

                                    
16Sticpewich, A. Upper Lachlan Regional Action Plan. Upper Lachlan Catchment Co-ordinating Committee Inc., 2000. 
17Hird, C. Soil Landscapes of the Goulburn 1:250 000 Sheet. Soil Conservation Service of NSW, Sydney, 1991. 
25NSW Government Department of Environment and Climate Change. New South Wales State of the Environment 2006, viewed 
24 March 2009, <http://www.environment.nsw.gov.au/soe/soe2006/chapter4/chp_4.4.htm> 
26Langford, C.M., Simpson, P.C., Garden, D.L., Eddy, D.A., Keys, M.J., Rehwinkel, R. and Johnston, W.H. Managing Native 
Pastures for Agriculture and Conservation. NSW Department of Primary Industries, 2004. 
40Simpson, P. Productivity of Native Grass-based Pastures on the Tablelands. Agnote Reg 4/68. NSW Agriculture, 1994 
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Another study reported that although native pastures are important, sowing or renovating 
pasture is also integral to wool production.44 
 

Landholders in the region are weary of sowing pastures during drought (Leech pers. comm. 
2009), focusing on rejuvenating perennial pastures by getting fertiliser rates right and 
undertaking strategic weed control. There is also an emphasis on resting paddocks at key 
times and shifting away from set stocking (Leech pers. comm. 2009). Over 50% of managers 
had changed from set stocking to rotational or time control grazing, with a further 13% 
being in a transitional phase between set stocking and time control grazing.41  
 
When comparing time controlled grazing and set stocking, a local study found that time 
control grazing resulted in a significant increase in the perennial component of pastures and 
a more desirable pasture composition, fewer weeds, soils with slightly higher levels of 
organic carbon and aggregate stability, greater water infiltration, higher pH levels and 
significantly less soil compaction.43 
 

Native Vegetation 
Approximately 10500 hectares of remnant native vegetation remain in the Jerrawa Creek 
Catchment (28% of the region). The dominant vegetation communities include Southern 
Tablelands Dry Sclerophyll Forest, Natural Temperate Grasslands and Box-Gum 
Woodlands. Less than 2% of the pre-European extent of Natural Temperate Grasslands and 
Box Gum Woodlands remain. Both are listed as endangered ecological communities under 
national and state legislation. 
 

Threatened Flora and Fauna 
There are four plant and 38 animal species listed as threatened or considered to be in 
decline in this region. Threats to the native plants and animals are due to a decline in the 
quantity and/or quality of habitat and predation and / or competition for resources. 
 

Pest Plants and Animals 
Pest plant and animal invasion both seriously impact agriculture and the environment. 
Weeds including African Love Grass (Eragrostis curvula), Blackberry (Rubus spp.), Chilean 
Needle Grass (Nassella neesiana), Serrated Tussock (Nassella trichotoma) and Willows (Salix 
spp.); and pest animals such as foxes and rabbits are a high priority for control in the region. 
The control of Serrated Tussock (Nassella trichotoma) and foxes were highlighted as a high 
priority by the community as part of the process of developing this plan.  
 

WATER 
Water Quality 
The factors that affect water quality are turbidity, total phosphorus levels, pH, dissolved 
oxygen, temperature and electrical conductivity (the standard measure of salinity). Minimal 
water quality data is available for the Jerrawa Creek Catchment. Electrical conductivity levels 
were recorded between 1995 and 1997. This found that most of the EC measures fell within 
the range considered safe for human consumption.  
 
 

                                    
41Hall, R. & Hazell, D. Study Results: maintenance of biodiversity in native pastures. What are the benefits for primary producers and 
grassy ecosystems on the Southern Tablelands? Southern Rivers Catchment Management Authority, n.d. 
43Anderson, F. Effects of time controlled grazing and set stocking on soil and pasture: Southern and Central Tablelands, NSW 
(honours thesis). Australian National University, Canberra, 2005.  
44Reid, N. Biodiversity and Wool Production – answers to the 10 big issues. Land, Water and Wool Northern Tablelands Northern 
Tablelands Project Fact Sheet 9. A technical guide. Land and Water Australia, Canberra, 2006. 
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Riverine Health 
Riverine health was assessed in the late 1990’s.60 Data was collected from 10 sites within the 
Jerrawa Creek Catchment. Assessments were made of the following attributes: reach 
environment condition, bank stability, stream bed and bar stability, aquatic habitat condition, 
riparian vegetation condition, willow distribution, aquatic vegetation condition and overall 
condition. Overall, the Jerrawa Creek Catchment was assessed to be in poor to moderate 
condition.  
 

Stream Bank and Gully Erosion 
There are 349 kilometres of waterway within the catchment affected by stream bank or gully 
erosion. Fencing and revegetating with native species is required to stabilise and protect the 
banks.  
 

Groundwater and Surface Water Sustainability 
The groundwater supply within the catchment is considered sustainable at current usage 
rates. Drought has affected the quantity and quality of surface water, with the catchment 
experiencing the lowest inflows in 2007 – 2008.  
 

LIFE 
The Ageing Population 
The Upper Lachlan Shire has an ageing population. It is also ageing at a rate much faster than 
the national average.77, 78 This has impact on the farming community with the proportion of 
farmers over the age of 65 increasing and the proportion of farmers under 35 decreasing. 
The National Farmers' Federation has noted this as a factor contributing to the 
deterioration of regional growth and the decline of regional populations.83 
 

Community Health and Landcare 
Drought was identified as one of the most pressing issues affecting local community health 
and well being.84 Social connectedness is an important aspect of a healthy community. 
Community groups such as the Jerrawa Creek Landcare Group are important for facilitating 
social gatherings.  
 

The Peri-urban Influence 
The population growth rate in the Upper Lachlan Shire is low and is expected to remain 
unchanged over the next 15-20 years (Table 8).84 It is therefore unlikely that there will be 
any increased pressure on the region’s natural resources as a result of peri-urbanisation. 

                                    
60Massey, C. An Assessment of Riverine Environment Health in the Lachlan Catchment, NSW. Lachlan Catchment Management Committee, 
1998. 
77Australian Bureau of Statistics. Population Projections, Australia, 2006 to 2101, viewed 16 June 2009, 
<http://www.census.abs.gov.au/AUSSTATS/abs@.nsf/ProductsbyCatalogue/5A9C0859C5F50C30CA25718C0015182F?OpenDocument> 
78Greater Southern Health Service. Upper Lachlan Shire Community Profile: a profile of the communities within the Upper Lachlan Shire, 
incorporating demographic and health information. NSW Health, Sydney, 2006. 
83National Farmers' Federation. 2008 Labour Shortage Action Plan, National Farmers' Federation, Canberra. Productivity Commission 2005, 
Trends in Australian Agriculture, Research Paper, Canberra, 2008. 
84Upper Lachlan Shire Council, Upper Lachlan Shire Council Social and Community Plan 2007 – 2012, Upper Lachlan Shire Council, 2006 
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LandWaterLife 
Jerrawa Creek Catchment Targets and Actions 
Targets  Page 
Land Management - Soil and Pasture Health 26 
T1 By 2020 100% of landholders and land managers within the Jerrawa Creek 

Catchment and the surrounding area have >70% groundcover on their 
properties 100% of the time.  

 

Actions 

• To increase public awareness of the economic and environmental 
necessity of maintaining high groundcover levels.  

• To educate local landholders on adaptive (holistic) land management 
strategies.  

• To lobby the Livestock Health and Pest Authority to revise the stocking 
rates it uses for rating purposes in response to changing climatic 
conditions. 

 

T2 By 2020 70% of farms within the Jerrawa Creek Catchment and the 
surrounding area have a whole farm plan. 

 

  
Biodiversity and Native Vegetation 30 
T3 By 2020 600 ha of remnant native vegetation on private land is protected and 

actively managed for biodiversity conservation. 
 

T4 By 2020 500 hectares of native vegetation established through revegetation 
works using local endemic species. 

 

Actions 

• To identify priority native vegetation sites. 

• Strategically plan linkages within the catchment for revegetation works. 

• Engage landholders along linkages in on-ground works.  

 

  
Pest Plants – Weeds of Catchment Significance 33 
T5 By 2020 100% of landholders and land managers within the Jerrawa Creek 

Catchment and the surrounding area are actively controlling weeds of 
catchment significance on their properties. 

 

Actions  

• To identify low, medium and high level (mother load) Serrated Tussock 
infestations across the catchment. 

• To increase public awareness of the economic and environmental impacts 
of Serrated Tussock. This includes actively lobbying local government to 
assist in raising community awareness of the issue (e.g through targeted 
field days and distributing the Upper Lachlan Shire Council’s rural 
landholder pack). 

 

  
Vertebrate Pest Animals  34 
T6  By 2020 70% of landholders and land managers within the Jerrawa Creek 

Catchment and surrounding area are involved in strategic group management 
of vertebrate pest animals every year. 

 

Actions 

• To increase public awareness of the economic and environmental impacts 
of foxes. 

• To increase public awareness of fox control methods and legal 
requirements (including chemical accreditation). 

• To encourage and co-ordinate group fox baiting exercises at strategic 
times of the year. 
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Targets  Page 
Riverine Health 45 
T7 By 2020 the condition of riverine ecosystems is improved along 50km of 

waterways within the Jerrawa Creek Catchment and surrounding area 
(priority streams being the Jerrawa Creek, Flacknell Creek, Catherines 
Creek, Oolong Creek and Limestone Creek). 
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1. Introduction 
1.1 Jerrawa Creek Landcare Group 
Jerrawa Creek Landcare Group was established in 1993 by landholders in the Dalton, 
Oolong and Ladevale districts with a vision for the catchment to: 
 
“be considered as a community which retains its rural atmosphere, where all are actively involved, 

and which has an economy built upon a variety of viable and sustainable agricultural enterprises and 
a clean environment”. 

 
The founding members wanted to undertake work on their properties to improve the 
environment. They recognised that by working together they could achieve better outcomes 
and improve their ability to secure funding. 
 
Since 1993 the group has been involved in over 30 successful projects. In the early years 
projects concentrated on remediating salinity and erosion as well as mapping the natural 
features of the catchment. Over time this has expanded to include riverine rehabilitation and 
protection projects, farm forestry trials and revegetation projects to establish tree corridors 
and increase local biodiversity.  
 

1.2 Purpose  
In 2007 the Jerrawa Creek Landcare group hosted the Upper Lachlan Water Summit in 
response to concerns that water quality and quantity in the district were under threat from 
drought and climate change as well as public and individual mismanagement. This one day 
seminar was attended by over 200 people and later received the Upper Lachlan Shire 
Council’s Event of the Year award.  
 
Participants at the summit heard presentations from leading experts (including then member 
of the group, the late Professor Peter Cullen AO) and were then asked to identify priorities 
for the future. One of the clear recommendations made by participants was that the local 
community needed a better understanding of the state of the natural resources in order to 
plan for a sustainable future.  
 
In response to this need the Jerrawa Creek Landcare Group, with support from the Lachlan 
Catchment Management Authority, commissioned Greening Australia to develop a renewal 
plan, named LandWaterLife in recognition of the broad environmental, agricultural, economic 
and social factors it covers.  
 
The plan is designed to be used as a tool to educate and encourage the community to take 
more affirmative action to protect and improve the local environment. The information can 
also assist the community to prioritise issues for future projects, assist in planning projects 
and in developing funding applications.  
 
A series of fact sheets is included on topics identified as high priority by the local 
community. These fact sheets can be used as stand alone documents to educate the 
community on important issues facing the catchment and provide information on what can 
be done to minimise the impact of these issues on the local environment, economy and 
community. 
 

1.3 Stakeholders 
This plan has been developed for the following stakeholders: 
� Land owners and land managers in and around the Jerrawa Creek Catchment 
� Members of the Jerrawa Creek Landcare Group  
� Community members and interest groups 
� Educational institutions and research bodies  
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� Local, state and territory and Australian Government departments and agencies 
including the Lachlan CMA 

� Industry representatives 
� Environmental groups 
� Non-government organizations. 
 

1.4 Links to other plans 
Lachlan Catchment Management Authority Lachlan Action Plan 
Upper Lachlan Regional Action Plan 
Upper Lachlan Strategy Plan 2020 
Upper Lachlan Shire Council Biodiversity Strategy 
Upper Lachlan Draft Noxious Weed Strategy 
Upper Lachlan Shire Social and Community Plan 2007 - 2012 
 

1.5 The Planning Process 
A community meeting was held in March 2009, attended by approximately 120 members of 
the local community. The aim of the meeting was to enable the community to express their 
views on issues that are of high priority for the region and that are to be included in the 
plan. 
 
A presentation was delivered outlining the current state of the Jerrawa Creek Catchment 
and covered the social, economic, environmental and agricultural aspects of the region. 
 
After the presentation group members determined the priority issues for the region. In 
order of priority these were: 

• Weed control – in particular Serrated Tussock 

• Water ways, clean water and water conservation 

• Soil and pasture health 

• Feral animal control – in particular foxes 

• Better community education and engagement 

• Adapting to changed economic and climatic conditions with an ageing population 

• Revegetation and biodiversity 

• Greater financial assistance for farmers’ environmental work 

• To reduce pressure on land, stock and people. 
 

1.6 Data Acquisition 
Where possible, all data given here is specific to the Jerrawa Creek Catchment. If data 
specific to the Jerrawa Creek Catchment was not available, data from a wider area that 
incorporates the Jerrawa Creek Catchment (such as the Upper Lachlan Shire or Upper 
Lachlan Catchment) was used. 
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2. Regional Overview 
2.1 Location 
The Jerrawa Creek Landcare Group serves landholders in and around the Jerrawa Creek 
Catchment, a tributary of the Lachlan River in the Southern Tablelands of New South Wales 
(Figure 1). Jerrawa Creek is nestled in a valley within the Mundoonen Ranges, which forms 
part of the Great Dividing Range. Local features include the Mundoonen Nature Reserve 
along the western boundary, Mount Dixon to the east and the Lachlan River which forms 
the catchment boundary to the north. The three local villages are Gunning, Dalton, and 
Jerrawa. 

 
 
 

Figure 1. Map of the Jerrawa Creek Catchment 
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2.2 History 
2.2.1 Indigenous History  
The first settlers in the region were the Ngunnawal people. They settled the area roughly 
bounded by what are now the towns of Queanbeyan, Tumut, Boorowa and Goulburn at 
least 20,000 years ago.1 Neighbouring indigenous people include the Yuin (along the coast), 
Ngarigo (south east of Canberra), Wiradjuri (to the west) and Gundungurra (to the north).1 
 
The Ngunnawal people had access to a continuous supply of vegetables in the tablelands. 
Spring, summer and autumn provided tubers from the yam daisy, orchid tubers in August 
and September and wattle-seeds in July and August. Possums and larger grazing animals were 
hunted throughout the year, while fish and crayfish were taken from the rivers between 
September and May.1  
 
The Bogong Moth (Agrotis infusa) was also an important food source. Aboriginal groups from 
around the region made an annual pilgrimage to the Bogong Mountains and Snowy 
Mountains in December and January where men participated in feasts of roasted Bogong 
Moths.1 
 
The Ngunnawal people were gradually displaced from the region in the 1820’s with the 
settlement of Europeans in the region. From this time basic food resources declined, forcing 
many Aborigines to adapt to a changing diet and lifestyle.1 Their health was affected by the 
introduction of exotic diseases like influenza and syphilis, which devastated many 
populations. Centuries of tradition were also destroyed in as little as 50 years. For example, 
the Bogong Moth ceremony ceased and intertribal meetings and corroborees also came to 
an end.1 
 

2.2.2 European Settlement  
This region has a long history relative to European settlement of Australia. As early as 1820 
the area was recognised for its agricultural and grazing potential. Before 1820 Gunning was 
considered to be at the "Limit of Settlement", with the colonial government banning settlers 
acquiring property outside the 19 counties centred on Sydney.1 
 
European settlement started in 1821 with an exploration led by Hamilton Hume, and in 
1824 Hume and William Hovell pioneered the route from Gunning south to what later 
became Melbourne. Gunning has since been on the main route from Sydney to Melbourne 
for both road and rail. In the last 180 years horsemen, bullock carts, the railway (which 
arrived in 1875) and the Hume Highway passed through Gunning. The Hume Highway 
bypassed Gunning in 1993 and is now 1 kilometre away.1, 2  
 
In 1838 the government made the first land sales in Gunning. Many examples of 19th century 
architecture remain in the main street (Yass Street) such as the ground floor of the Telegraph 
Hotel, London House, Gunning Public School, the post office, the old bank and the 
courthouse.2, 3  
 
Other examples of European architecture include the Dalton Primary School, Dalton Public 
Hall and the Oddfellows Hall in Dalton.3  

 
 
 
 

                                    
1NSW Government Department of Environment and Climate Change, South Eastern Highlands – regional history, viewed 20 
February 2009, <http://www.environment.nsw.gov.au/bioregions/SouthEasternHighlands-History.htm> 
2Upper Lachlan Shire Council, A Snapshot of Gunning’s History, viewed 20 February 2009, <http://upperlachlan.local-
e.nsw.gov.au/about/1273/1399.html> 
3Australian Government Department of the Environment, Water, Heritage and the Arts, EPBC Act Protected Matters Report, 
viewed 2 February 2009, <http://www.environment.gov.au/cgi-bin/erin/ert/epbc/epbc_report.pl>  



 

 5  

2.3 Community Profile 
2.3.1  Population 
The population of the Upper Lachlan Shire Council is 7329, with 2633 households and 1927 
families living in the region.4 Of those, 128 are indigenous Australians, representing only 1.7% 
of the population (below the state average of 2.3%*).4  
 
The majority of people in the region were born in Australia (86%), with many of the families 
having a long family history in the region.5 Of the small portion born overseas, most were 
born in north-west Europe. Consequently, 91% of the population speaks English as their first 
language.4  
 
*This figure is from the 2006 Census. The actual percentage of indigenous Australians could be 
higher as a large portion of respondents did not state their cultural background.  

 
2.3.2 Employment 
Unemployment in the region is well below the national level. In December 2008 
unemployment in Gunning was 1.4% 6, compared to the National unemployment level of 
4.5%.7  
 
The largest employer is the agriculture industry, with sheep and cattle farming a long 
standing contributor to the economic and social framework of the region.7 Currently, 
agriculture employs over 30% of the region’s workforce.8 Other important industries include 
health care and social services, public administration and safety, and retail (Figure 2).7 
 

2.3.3 Economy 
Agriculture is the largest contributor to the region’s economy.7 Some shifts are occurring 
within the agricultural sector with many farms diversifying toward new ventures such as 
olive growing, alpaca wool and horse studs.9 Retail and tourism are the second and third 
largest contributors to the local economy. The area is also becoming a popular destination 
for retirees and people leaving large cities for a lifestyle change.10  
 

 

                                    
4Australian Bureau of Statistics. 2006 Census Tables : Upper Lachlan (A) (Local Government Area) 20680-Age by Sex - Upper Lachlan 
(A), viewed 10 March 2009, <http://www.censusdata.abs.gov.au/> 
5Australian Bureau of Statistics. 2006 Census Tables : Upper Lachlan (A) (Local Government Area) Industry of Employment by Age by 
Sex - Upper Lachlan (A),viewed 10 March 2009, http://www.censusdata.abs.gov.au> 
6Economic, Labour Market and Education Analysis Branch Research Analysis and Evaluation Group. Small Area Labour Markets 
Australia. December Quarter 2008. Australian Government Department of Education, Employment and Workplace Relations, 
Canberra, 2008.  
8Australian Bureau of Statistics. Population Projections, Australia, 2006 to 2101, viewed 16 June 2009, 
<http://www.census.abs.gov.au> 
7Australian Bureau of Statistics. Labour Force, Australia, December 2008, viewed 10 March 2009, 
<http://www.abs.gov.au/ausstats/abs@.nsf/mf/6202.0> 
9Upper Lachlan Shire Council. About Upper Lachlan Shire, viewed 7 May 2009, <http://upperlachlan.local-
e.nsw.gov.au/about.html> 
10 Upper Lachlan Shire Council. Upper Lachlan Planning and Development, viewed 7 May 2009, <http://upperlachlan.local-
e.nsw.gov.au/> 
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Figure 2. Percent of population employed by each of the main industries in the Upper 
Lachlan Shire in 20067  

 

2.4 Climate 
Jerrawa Creek Catchment has a temperate climate, with an annual average maximum 
temperature of 20.7oC and average minimum temperature of 7.2oC.11 The highest maximum 
temperature of 41.2oC was recorded in January 1990, with the lowest temperature of -8.8oC 
recorded in July 1971.11  
 
The average rainfall in the region is 649mm.11 Rainfall distribution is relatively even 
throughout the year. The wettest year on record was 1950 when the region received 
1452.5mm of rain.11 The driest year on record was 1944 with 228.4mm of rain.11 
 

Long term climate trends  
The most complete set of long term rainfall data for the region is from the Yass weather 
observation station. Data from this station shows that rainfall distribution above and below 
the average has been relatively even over the past 70 years (Figure 3). However, the mean 
temperature readings have been increasing over time (Figure 4).  
 
 
 
 
 
 
 
 
 
 
 
 

                                    
7Australian Bureau of Statistics. Labour Force, Australia, December 2008, viewed 10 March 2009, 
<http://www.abs.gov.au/ausstats/abs@.nsf/mf/6202.0> 
11Australian Government Bureau of Meteorology. Climate Statistics for Australian Locations, viewed 4 April 2009, 
<http://www.bom.gov.au/climate/averages/tables/cw_070091.shtml> 
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Figure 3. Rainfall (mm) above and below the mean (646mm) for Yass, NSW 1940 – 200911  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. An upward trend in the annual mean maximum temperature (oC) for Yass, NSW 
1966 – 200611 

 

2.5 Climate Change and Drought 
One of the impacts of climate change is an increase in the number of hot days and a 
decrease in the number of cold nights. By 2030, the annual average number of days above 
350C in the region is expected to grow from 5 to 6-12 days.12  
 
This increase in temperature will affect all facets of life including the economy, lifestyle and 
the environment. 
 

Impacts on agriculture 
The agricultural sector is vulnerable to the impacts of climate change which include increases 
in temperature and atmospheric carbon dioxide, decreases in rainfall over much of 
temperate Australia and increased frequency of extreme weather events including drought.12  
 
The effects of these changes will include: 

• Reduced pasture productivity  

• Reduced herbage quality 

• Reduced carrying capacity 

                                    
11Australian Government Bureau of Meteorology. Climate Statistics for Australian Locations, viewed 4 April 2009, 
<http://www.bom.gov.au/climate/averages/tables/cw_070091.shtml> 
12Australian Government Department of Climate Change, Adapting to Climate Change, viewed 2nd May 2009, 
<http://www.climatechange.gov.au/impacts/index.html> 
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• Threatened water supplies for domestic, agricultural, industrial and environmental 
purposes 

• Greater challenges to animal health and husbandry including increased heat 
shock/stress.12 

 
Impacts of climate change on the agricultural sector also have the potential to exacerbate 
other natural resource management challenges facing Australia. Examples include: increased 
soil erosion due to reduced ground cover, an increasing number of extreme wind and rain 
events, and an increase in the invasion and dominance of woody weeds as a result of 
declining farm income reducing the ability of farmers to invest in weed management.12  
 
Even without drought increased evaporation from higher temperatures will contribute to 
further reductions in runoff in many catchments and an overall reduction in water 
availability. Run-off across the Murray-Darling Basin is estimated to decrease by 10 – 25% by 
2050.12 The local area is already experiencing this impact of climate change. Regional 
temperature increases have contributed to greater evaporation leading to drier soils and 
reduced. Below average rainfall in the region since 2002 has exacerbated this impact, 
resulting in reduced production for much of South Eastern Australia. 
 
Since the onset of the current drought, sheep numbers have fallen dramatically in this region 
(Figure 5). This has reduced both the amount of wool produced (Figure 6) and on farm 
income (Figure 7). Anecdotal reports have also estimated a one-third decline in perennial 
pasture cover since 2000 and a decline in land carrying capacity from one-half to one-third 
of the pre-drought rate (Willoughby pers. comm. 2008). This has flow-on impacts to farm 
income. Currently, 11% of farms in the region are receiving drought recovery assistance and 
2.2% are receiving interest rate subsidies (Kearins pers. comm. 2009). Increasing numbers of 
farming families also require off-farm income.  
 
 

 
Figure 5. Average sheep flock per farm at 30th June in Southern Tablelands, NSW 1997 – 
200713  

                                    
12Australian Government Department of Climate Change, Adapting to Climate Change, viewed 2nd May 2009, 
<http://www.climatechange.gov.au/impacts/index.html> 
13Australian Bureau of Agriculture and Resource Economics AgSurg Farm Survey Data, viewed 21 March 2009. 
<http://www.abare.gov.au/ame/agsurf/agsurf.asp> 
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Figure 6: Average total weight of wool produced and sold per farm in the Southern 
Tablelands, NSW 1997 – 200713  

 

Figure 7: Financial snapshot for farms (average per farm) in the Southern Tablelands, NSW 
1997 – 200713  

 
Impacts on biodiversity 
The impacts of climate change on biodiversity are wide ranging and will impact at both the 
species and community levels. Examples include: 

• Changes in photosynthesis, respiration, growth and tissue composition in plants 

• Decreased nitrogen content in vegetation 

• Species loss and changes in distribution and abundance of species 

• Changes in the range of weeds, other invasive species and pests and diseases 

• Loss of wetlands and associated biodiversity 

• Increased occurrence of eutrophication of streams, lakes, wetlands and estuaries12 

                                    
12Australian Government Department of Climate Change, Adapting to Climate Change, viewed 2nd May 2009, 
<http://www.climatechange.gov.au/impacts/index.html> 
13Australian Bureau of Agriculture and Resource Economics AgSurg Farm Survey Data, viewed 21 March 2009. 
<http://www.abare.gov.au/ame/agsurf/agsurf.asp> 

5000

5500

6000

6500

7000

7500

8000

8500

9000

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Year

Total wool sold (kg)
Total wool produced (kg)

-100000

-50000

0 

50000

100000

150000

200000

250000

1997 1999 2001 2003 2005 2007

Farm business profit  
Change in farm debt 
Capital appreciation 

Farm Cash Income 

D
o
ll
a
rs
 (
$
)

Year 

A
m
o
u
n
t 
o
f 
w
o
o
l 
(k
g
) 



 

 10 

• Increased frequency and intensity of bushfires and associated impacts to species diversity 
and composition.12  

 

Impacts on lifestyle 
Examples of impacts that will affect the way people live in this region include: 

• Increased temperatures 

• Reduced water supply 

• Decreased rainfall (combined with higher temperatures), which is likely to reduce water 
quality through increased risk of algal blooms in water storage dams 

• Decreased rainfall and increased periods of drought, especially in inland settlements, 
which will disrupt socio-economic infrastructure and human wellbeing.12 

 
 
 
 
 
 

                                    
12Australian Government Department of Climate Change, Adapting to Climate Change, viewed 2nd May 2009, 
<http://www.climatechange.gov.au/impacts/index.html> 
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LandWaterLife 
3. LAND 
3.1 Physiography and Drainage 
The elevation of the Jerrawa Creek Catchment ranges from 817 metres at Mount 
Mundoonen in the Mundoonen Nature Reserve on its western boundary and 816 metres at 
Mount Dixon on the eastern boundary to 500 metres where the Jerrawa Creek reaches the 
Lachlan River. 
 
The catchment varies from moderate to high relief (80 to 200 metres) associated with the 
rolling granitic hills in the east, to the low relief (20 to 50 metres) associated with the foot 
hills and valley floor along Jerrawa Creek. Slope gradients generally range from 10% to 30% 
across the catchment. 
 
There are seven main tributaries of the Jerrawa Creek. From south to north these are: 
Chimney Creek, Caldwells Creek, Limestone Creek, Oolong Creek, Catherines Creek, 
Flacknell Creek and Felled Timber Creek. 
 

3.2 Geology 
The Jerrawa Creek Catchment lies within the Paleozoic Lachlan Fold Belt of southeastern 
Australia.14, 15 The area is made up of geological sequences dating from the Ordovician to the 
Permian periods overlain in part by Cainozoic age basalts and sediments (Map 1).14, 15 
The geology of the region is broadly made up of metamorphosed Ordovician sedimentary 
rock (~500 million years old). These are the oldest rocks in the region and form the hill 
country that makes up the Mundoonen and Midgee Ranges. These rocks form poor soils that 
are prone to erosion if not carefully managed.15  
 
In the southern and eastern parts of the catchment are large Silurian-Devonian granite 
batholithic intrusions (Wyangala Batholith).14 These date back to approximately 400 million 
years ago. North east of the Lachlan River are areas of overlying basalt and dolerite and 
west of Gunning are small deposits of sand, gravel, clay, claystone or sandstone. These are 
the most recent deposits in the region dating from the Tertiary period (~100 million years 
ago). 
 
Erosion dominated the geological history of the region up until the end of the Paleozoic 
period when volcanic activity recommenced.16 Subsequent weathering and erosion formed 
the present day topography. 
 

3.3 Soils 
Soil Landscape is a term used to categorise areas with similar topography and which have 
one or more soil types that occur in a defined way. It is often associated with physiographic 
features in the landscape.17 The Great Soil Group classification system groups soils based on 
how the soils were formed. The soil landscapes have been mapped at a 1:250 000 scale and 
classified according to the dominant Great Soil Group.17  
 
The soils in the catchment are highly variable, reflecting the varied geology and topography 
of the region. Five soil landscapes and soil types occur in the region. The description and 
extent of these are outlined in Table 1 and Map 2. 

                                    
14NSW Department of Primary Industries, Goulburn Geological Mapping Project, viewed 22 May 2009, 
<http://www.dpi.nsw.gov.au/minerals/geological/about/mapping/goulburn-geological-mapping-project#Geology> 
15Langford, C.M., Simpson, P.C., Garden, D.L., Eddy, D.A., Keys, M.J., Rehwinkel, R. and Johnston, W.H. Managing Native 
Pastures for Agriculture and Conservation. NSW Department of Primary Industries, 1994. 
16Sticpewich, A. Upper Lachlan Regional Action Plan. Upper Lachlan Catchment Co-ordinating Committee Inc., 2000 
17Hird, C. Soil Landscapes of the Goulburn 1:250 000 Sheet. Soil Conservation Service of NSW, Sydney, 1991. 
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Table 1. Description of the soils (Great Soil Groups and Australian Soil Classification systems) and soil landscapes within the Jerrawa Creek Catchment17 

Great Soil 
Group 

Australian 
Soil 

Classification 

Soil 
Landscape 

Occurrence Description 
Chemical 
fertility 

Soil 
Reaction 
(pH) 

Salt 
content 

Erosion hazard 

Prairie soils Dermosols Dalton River terraces above 
Jerrawa and Oolong 
creeks near Dalton. 

Very dark brown clay loam to silty clay soils 
from the accumulation of sediments. The 
near-surface zone has a weak soil structure, 
improving with depth.  

High Alkaline 
to neutral  

Low Low 

Siliceous Sands Tenosols Wyangala Rolling hills of granite and 
acid volcanic rock. 

Siliceous Sands, Red Earths and red duplex 
soils occur on sideslopes with Yellow 
Podzolic Soils on footslopes and in some 
drainage lines. Large granitic boulders are a 
feature. 

Low Acid to 
neutral 

Occasiona
l salting of 
low lying 
areas 

High hazard. Some gully 
erosion. Sheet erosion 
following drought or 
bushfire. 

Yellow Earths Kandosols Midgee Undulating to rolling 
terrain and on terraces of 
intermediate level in 
alluvial landscapes. Often 
associated with less well 
drained sites. 

Heavily folded sediments resulting in both 
deep and very shallow yellow stony soils. 

Low Acid to 
neutral 

Not 
evident 

Very high erosion 
hazard with widespread 
minor to moderate 
sheet erosion. Gullying 
of drainage lines also 
common. 

Soloths Kurosol Blackney 
Creek 

Valleys within undulating 
low hills on siliceous 
rocks and higher level 
river terraces. 

Duplex soil with prominent bleached A2 
horizon and clay B horizon of coarse blocky 
or columnar structure and hard consistency. 

Low Acid to 
neutral 

Not 
evident 

Moderate to severe 
gullying and moderate 
sheet erosion. 

Yellow 
Podzolic Soils 

Chromosols Garland Undulating rises and 
valleys formed from 
granitic parent rock. 

Light red duplex soils on upper slopes and 
mottled yellow duplex soils with sandy 
textured topsoils and bleached A2 horizons 
on mid and lower slopes. Sandy Red and 
Yellow Earths also on sideslopes. Deep 
Siliceous Sands in some drainage lines. 
Granitic tors and pavements present. 

Moderate Alkaline 
to neutral 

Low 
Occasiona
l salting in 
low-lying 
areas 

Moderate hazard. 
Gullying of drainage 
lines most frequent 
form. Unchecked 
gullies can reach depths 
>3m. Sheet erosion 
occurs following 
drought or bushfire. 

N.B. The Australian Soil Classification system has replaced the Great Soil Groups classification system. However soil mapping for the region has not been updated. This 
table lists soil descriptions using both classification systems. 

                                    
17Hird, C. Soil Landscapes of the Goulburn 1:250 000 Sheet. Soil Conservation Service of NSW, Sydney, 1991. 
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3.4 Land Capability 
Land capability classes range from Class I to VIII, Class I representing land with the greatest 
agricultural and pastoral potential to Class VIII which is unsuitable for any production 
(Appendix 1). Most of the land in the catchment ranges from Class IV to Class VII (Table 2 
and Map 3).  
 
Table 2. Land capability classes within the Jerrawa Creek Catchment18 

Description 
Land Capability 

Class 
Area (hectares) % of catchment 

Class I 0 0% 
Class II 768 2% 

Suitable for regular 
cultivation 

Class III 1802 5% 
Class IV 12123 33.6% Suitable for grazing and 

occasional cultivation Class V 11382 32% 
Grazing Class VI 9204 26% 

Class VII 135 0.4% 
Unsuitable for agriculture 

Class VIII 0 0% 
 Nature Reserve 189 1% 

 

3.5 Land Use 
Over 32000 hectares (90%) of the catchment is grazed by sheep and cattle for fine wool, 
lamb and beef production (Table 3 and Map 4).  
 
Table 3. Land use within the Jerrawa Creek Catchment18 
Land use Area (hectares) % of region 
Urban  111.21 0.3% 
Grazing native or improved pastures 27522.65 76.4% 
Grazing with >30% cover of tree regeneration 269.99 0.7% 
Grazing with >30% cover of shrub regeneration 1645.96 4.6% 
Grazing sown improved perennial pastures 3047.23 8.5% 
Grazing – degraded land 115.48 0.3% 
Cropping – fodder 90.72 0.3% 
Nature Reserve 247.53 0.7% 
Other 2828.04 8.2% 
 

                                    
18NSW Government Department of Environment and Climate Change. Jerrawa Creek Landcare Area GIS Spatial Data. NSW 
Government Department of Environment and Climate Change, 2008.  
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3.6 Soil Fertility 
Soil fertility consists of three components:  

Chemical fertility:  the supply of plant nutrient (e.g. nitrogen (N), 
phosphorus (P) and sulfur (S)) in the soil 

Physical fertility:  physical properties and processes of the soil which 
affect soil fertility by altering water movement 
through soil and root penetration 

Biological fertility: the level of microbial and faunal activity in the soil19 

 

Chemical and physical fertility 
The majority of soils in the Upper Lachlan catchment are inherently low in soil chemical 
fertility.16, 17 Most soil types in the region also have poor structural stability due to decreased 
surface organic matter levels and low groundcover levels (Packer pers. comm. 2009). This 
has made soils in the region more susceptible to surface crusting and compaction (Leech 
pers. comm. 2009 and Packer pers. comm. 2009).  
 
A decline in soil fertility and / or soil structural stability can lead to: 

• Reduced pasture production and quality 

• Reduced stock carrying capacity 

• Increased susceptibility to weed infestation 

• Decreased tolerance of pastures to drought 

• Increased susceptibility to erosion and an associated water quality decline 

• Reduced pasture water use efficiency contributing to groundwater recharge and 
salinity.16, 20  

 
Improper management of soil nutrient balance (e.g. by producing excess nitrogen from 
legumes and overusing nitrogen fertilisers) may also lead to nutrient loss through leaching, 
which can contribute to soil acidification and promote the growth of undesirable water 
weeds and algae and contaminate water supplies. 20  

 
Soil sodicity 
Soil sodicity impacts soil stability and plant growth. Sodicity is a term given to the amount of 
sodium attached to clay in soil. Soil is considered sodic when the sodium concentration 
affects soil structure. The sodium weakens the binds between soil particles when wet, 
resulting in the clay swelling and often becoming detached. The clay particles then disperse 
and can move through the soil clogging pores and reducing the internal drainage of the soil.21 
 
Sodic soil is also more susceptible to soil degradation and erosion. Once broken down into 
very fine particles sodic soil can easily be moved by water or wind. Sodicity of the surface 
soil is also likely to cause dispersion of surface aggregates, resulting in surface crusts.21 

 
Biological fertility 
Biological fertility is the level of microbial and faunal activity in the soil.19 Minimal information 
is available on the biological fertility of the soil in the region although it is an important factor 
in soil management.19 
 
In a natural system the soils are tilled by soil organisms and are fertilised by the decay of 
organic matter. Soil organisms such as earthworms, arthropods, bacteria and fungi release 

                                    
16Sticpewich, A. Upper Lachlan Regional Action Plan. Upper Lachlan Catchment Co-ordinating Committee Inc., 2000. 
17Hird, C. Soil Landscapes of the Goulburn 1:250 000 Sheet. Soil Conservation Service of NSW, Sydney, 1991. 
19Cox, J. and Reid, G. Soil Biology Basics: profitable & sustainable primary industries. How to encourage soil organisms. NSW 
Department of Primary Industries, Sydney,2005. 
20Gunn, C. The Landcare Field Guide. State of Victoria Government Department of Natural Resources and Environment, 
Melbourne, 1996. 
21Rengasamy, P. and Walters, Technical note 1: Introduction to soil sodicity. Cooperative Research Centre for Soil and Land 
Management, Adelaide, n.d.  
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minerals bound up in the soil and plant material and convert them into plant available forms. 
The organisms recycle nutrients again and again with the death and decay of each new 
generation of plants.22, 23  
 
The amount of soil organisms and the return of biomass from pastures or crops influence 
the volume of organic matter in the soil. The benefits of a topsoil rich in organic matter 
include: 

• Improved soil structure, which in turn facilitates easier tillage 

• Increased water and nutrient holding capacity 

• Improved internal drainage; reduced erosion 

• Reduced crusting and clodding 

• Deeper, more prolific plant root systems 

• Healthier plants which are less stressed by nutrient deficiencies.23, 24  
 
Increased microbial biomass increases potential decomposition of plant residues and 
encourages beneficial microbial activity.24 Overall, pastures and crops growing in a rich soil 
ecosystem are naturally more robust and more capable of handling the stresses of drought.23  
 
Once an area is converted from a natural system to a cropping or grazing system the level of 
organic matter in the soil is estimated to decline by 60% within a few years of clearing and 
cultivation.23  
 

Why does organic matter decline? 
There are many reasons for a decline in organic matter, including: 

• Erosion removes topsoil rich in organic matter 

• Cultivation exposes organic matter leading to microbial oxidation  

• Plant diversity has been reduced with often monoculture agricultural systems that no 
longer  provide a diverse range of foods for soil biology 

• Reduced plant rooting depth due to factors such as soil acidity and compaction  

• Some farming practices (e.g. overgrazing, chemical fallows, cultivation) reduces the 
amount of new organic matter available to be recycled by the soil biology 

• Cultivation leads to increased mineralisation rates of organic carbon combined with 
removal of crop residues (grazing, baling or burnt) organic carbon levels decrease.23 

 

 

 

                                    
19Cox, J. and Reid, G. Soil Biology Basics: profitable & sustainable primary industries. How to encourage soil organisms. NSW 
Department of Primary Industries, Sydney,2005. 
22Schwenke, G. and Jenkins, A. Soil Biology Basics: profitable & sustainable primary industries. How to build organic matter in your soil. 
NSW Department of Primary Industries, 2005. 
23Sullivan, P. Sustainable Soil Management: soil system guide. National Sustainable Agriculture Information Service, 2004. 
24Harding, J. Living with Drought: For small rural blocks in the Upper Murrumbidgee. Topic 2: Fact sheet for rural landholders. 
Upper Murrumbidgee Catchment Coordinating Committee, n.d. 

Management options - how to increase biological fertility? 
Soil organisms need the basics of life – food, water and oxygen as well as a moist habitat. To 
provide these essential requirements landholders need to maintain ground cover, minimise soil 
disturbance (tillage and compaction), build soil organic matter with green or brown manure 
crops, mulch or pasture phases, create diverse pastures with summer and winter active 
species, rotate crops, reduce chemical and fertiliser inputs and monitor pH levels (acid soils 
discourage important organisms such as nitrogen fixing bacteria and earthworms).19  
 
Organic matter can be increased in soils by growing healthy pastures, maintaining pastures with 
a high perennial content, rotating crops and using rotational grazing strategies, growing green 
manure crops, applying organic fertilisers, reducing tillage and erosion and reducing periods of 
bare fallow.22  
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3.6 Soil Acidification 
Soil acidification has been described as one of the most serious land degradation issues for 
Australian agriculture.25 It is estimated that 16 to 20 million hectares of agricultural land in 
NSW is affected by acid topsoil costing up to $378 million in lost agricultural revenue. This 
was about 60 times higher than for dryland salinity.25  
 
Many of the soils in the region are naturally acidic with 78.1% described has having acid 
topsoils.17 Vegetation communities dominated by Brittle Gum (Eucalyptus mannifera), Red 
Stringybark (Eucalyptus macrorhyncha) or Broad-leaf peppermint (Eucalyptus dives) can indicate 
the presence of naturally acidic soils.16, 26  
 
The slow, natural process of soil acidification has been accelerated by modern agricultural 
practices. Induced soil acidity is caused by nitrates leaching below the root zone of the soil 
profile. Nitrates are produced in the soil by the mineralisation of accumulated organic 
matter, the application of ammonium-based nitrogen fertilisers and the introduction of 
legumes which fix atmospheric nitrogen. Superphosphate also plays an indirect role by 
increasing production and promoting the growth of legumes.16, 26  
 
In a balanced system the acidifying effect is negated as plants utilise the nitrates for growth. 
However, with increasing nitrate inputs and the removal of slightly alkaline agricultural 
products such as hay, grain and animal products, the soils remain acidic.16, 26  
 
Soil type, management practices, topography and climate all influence the risk of soil acidity. 
Lighter-textured soils are most susceptible as they are readily leached and poorly buffered.16, 
26  

 
Soil acidity creates a chemical imbalance in the soil. Some nutrients become more soluble 
and other beneficial nutrients such as phosphorus, molybdenum and calcium are locked up 
by the soil. This leads to impacts such as: 

• Reduced pasture vigour 

• Reduced legume nodulation 

• Restricted root penetration 

• Reduced options for crop and production species 

• Aluminium and manganese toxicity  

• Molybdenum deficiency 

• Calcium and magnesium deficiency 

• Decreased phosphorus, nitrogen and potassium availability  

• Reduced microbial activity (e.g. reduced populations of earthworms) 

• Weed and insect invasion 

• Increased instances of plant disease 

• General vegetation decline.16, 26, 27, 28 
 
Other impacts include: 

• Nutrient run off into water storages (due to the lack of groundcover) 

• Animal production decline (due to reduced pasture production) 
• Contribution to inefficient water use which can exacerbate erosion and dryland 

salinity.16, 26, 27, 28  

                                    
16Sticpewich, A. Upper Lachlan Regional Action Plan. Upper Lachlan Catchment Co-ordinating Committee Inc., 2000. 
17Hird, C. Soil Landscapes of the Goulburn 1:250 000 Sheet. Soil Conservation Service of NSW, Sydney, 1991. 
25NSW Government Department of Environment and Climate Change. New South Wales State of the Environment 2006, viewed 
24 March 2009, <http://www.environment.nsw.gov.au/soe/soe2006/chapter4/chp_4.4.htm> 
26Langford, C.M., Simpson, P.C., Garden, D.L., Eddy, D.A., Keys, M.J., Rehwinkel, R. and Johnston, W.H. Managing Native 
Pastures for Agriculture and Conservation. NSW Department of Primary Industries, 2004. 
27Hartwell, D. Land Management Facts for the Upper Lachlan Catchment. Upper Lachlan Catchment Land Management Advisory 
Services, 1998.  
28Duncan, M. Acid Soil Action Program, Leaflet No.6. Pastures and Acid Soils. NSW Agriculture, Armidale, 1999. 

 



 

 17  

 

 
3.7 Soil Erosion 
The loss of fertile topsoil through erosion is very damaging to farm productivity. Erosion 
also impacts farm infrastructure through sediment build-up on fences, damage to roads, 
restricting on and off farm access and can reduce property values.  
 
General causes of erosion are: 

• Clearing of native vegetation (including groundcover species) 

• Salinity 

• Overgrazing by domestic stock and feral animals 

• Soil disturbance from inappropriate cultivation, road construction etc. 

• Mining activities 

• Vehicle or stock tracks.,27 
 
Seventy two percent (72%) of the catchment is affected by soil erosion (Table 4 and Map 5). 
Extensive areas of minor and moderate sheet erosion affect 47% and 16% of the catchment, 
respectively. Severe sheet erosion affects just 1% of the catchment. A very small area 
(0.03%) is affected by rill erosion. Mass movement (sliding and slumping) was not recorded in 
the catchment. Stream bank and gully erosion also affects 154 km or 20% of the waterways 
in the catchment. This is discussed further in section 4.3. 
 
 
 
 
 
 

                                    
16Sticpewich, A. Upper Lachlan Regional Action Plan. Upper Lachlan Catchment Co-ordinating Committee Inc., 2000. 
Government Department of Environment and Climate Change, 2008. 
27Hartwell, D. Land Management Facts for the Upper Lachlan Catchment. Upper Lachlan Catchment Land Management Advisory 
Services, 1998. 

Management options 
Surface soil acidity and its associated problems can be treated. The application of lime can 
raise surface soil pH levels when used in conjunction with other land management practices 
(such as maintaining good groundcover). 
 
However, studies have found that the application of lime is not an effective or sustainable 
solution for acid soils.29 Research undertaken on properties in the slopes and highlands of 
New South Wales found that despite the application of lime at least once on 191 sites, 74% 
still had acid soils. Moreover, the amount of lime required can be very high and therefore 
very expensive.  
 
Subsurface acidification is not practical to treat and is effectively a permanent impediment to 
production. 
 
An alternative method of raising soil pH has been proposed which uses 1.5% of the amount 
of lime used in conventional methods. This is achieved by integrating the small quantities of 
lime into a biologically active compost (Ingham pers. comm. 2008). 
 
Some native pasture species (such as Wallaby Grass (Austrodanthonia spp.), Weeping Grass 
(Microlaena stipoides) and Red-leg Grass (Bothriochloa macra)) utilise nitrates from the 
mineralisation of organic matter during summer and assist in managing soil acidity. 
Establishing perennial pasture species and implementing rotational grazing systems can assist 

to maximise the use of soil nitrates and water.16, 27  
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Table 4. The extent of soil erosion (excluding stream bank and gully erosion) in the Jerrawa 
Creek Catchment18 

Type of erosion Area (hectares) % of Catchment 

No appreciable erosion 10028.3 28% 

Minor sheet erosion 16938.3 47% 

Moderate sheet erosion 5652.9 16% 

Severe sheet erosion 466.0 1% 

Extreme sheet erosion 884.2 2% 

Salting 1297.5 4% 

Severe rill erosion 11.7 0% 

 

                                    
18NSW Government Department of Environment and Climate Change. Jerrawa Creek Landcare Area GIS Spatial Data. NSW 
27Hartwell, D. Land Management Facts for the Upper Lachlan Catchment. Upper Lachlan Catchment Land Management Advisory 
Services, 1998. 
31NSW Government Department of Primary Industries. Soil Erosion Solutions. Fact Sheet 1: Types of erosion. NSW Government 
Department of Primary Industries, n.d. 

Management options 
Vegetation cover is important to prevent and manage erosion. Vegetation protects the soil, 
impedes water flow and encourages water to infiltrate into the soil. It is recommended that 
70% ground cover is needed to protect soil, and 100% ground cover in areas of high water 
flow.27, 31  
 
Excess runoff can also be reduced by creating water diversions or creating a management 
system to use excess water are also options (Packer pers. comm. 2009). 
 
Extensive earthworks may be required to address severe erosion including tunnel erosion.  
 
Remediation for these sites includes soil conservation structure (e.g. dams, banks and flumes) 
breaking open existing tunnels, revegetation, and increasing soil organic matter. Professional 
advice should be sought before undertaking soil conservation works. 
 
It is of course much cheaper to prevent erosion than to repair affected areas. Management 
strategies to minimise soil erosion include: 

• Manage land according to its land capability class, i.e. land is used within its productive 
capacity 

• Consider a change in land use or livestock enterprise if necessary 

• Use management strategies to create healthy soils with good structure and good levels of 
organic matter 

• Regularly monitor pasture quality, stability and species diversity as part of a strategic 
grazing program  

• Use flexible grazing strategies to promote healthy soils, adequate ground cover and to 
maximise water use 

• Avoid set stocking 

• Use conservation farming techniques such as zero tillage and retain stubble if applicable 
when cropping or establishing pastures.27, 31  

 
Soil erosion often becomes more of an issue during times of drought. Planning can ensure that 
a property is prepared for drought conditions. This includes assessing pasture resources and 
livestock requirements to identify possible feed shortages and minimise overgrazing and 
impacting soil resources. De-stocking, agistment, sacrifice paddocks and temporary lot feeding 
are strategies that can be implemented in a drought.27, 31  
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Table 5. Description of the types of soil erosion (excluding stream bank and gully erosion) 1  

                                    
27Hartwell, D. Land Management Facts for the Upper Lachlan Catchment. Upper Lachlan Catchment Land Management Advisory 
Services, 1998.  
30ACT Commissioner for the State of the Environment, State of the Environment Report Australian Capital Region 2004, viewed 8 
June 2009, http://www.envcomm.act.gov.au/soe/soe2004/UpperLachlan/catchmentquality.htm 
32Houghton, P.D., and Charman, P.E.V. Glossary of Terms used in Soil Conservation. NSW Soil Conservation Service, 1986. 

Sheet erosion 
Sheet erosion is the removal of layers of soil across the land surface. It is caused by raindrop 
splash, the movement of water across the landscape or severe wind events. Sheet erosion 
results in the loss of valuable topsoil which contains most of the available nutrients and organic 
matter in the soil. Sheet erosion can be cumulative and can go unnoticed for some time. Soils 
most vulnerable to sheet erosion are overgrazed and cultivated soils, where there is little 
vegetation to protect and hold the soil.27, 30, 32  
 
Early signs of sheet erosion include bare areas, water ponding as soon as rain falls, visible grass 
roots, exposure of coarse sand grains and gravel on the surface, exposed tree roots, and 
exposed subsoil or stony soils. Soil deposits on the high side of obstructions such as fences 
may indicate active sheet erosion.30  

 
Rill erosion 
Rills are shallow drainage lines or channels up to 30cm deep. Rills develop when surface water 
concentrates in depressions and erodes the soil. Rill erosion is prevalent in bare agricultural 
land, particularly in overgrazed or freshly cultivated paddocks or salt scalds.27, 30, 32 If left 
untreated sites with rill erosion may form into larger gullies.  
 

Tunnel erosion 
Tunnel erosion occurs when surface water moves into and through dispersive subsoils while 
the surface soil remains relatively intact.32 Dispersive soils are poorly structured and erode 
easily when wet. A tunnel starts when surface water seeps into dry soil along cracks or 
channels, through rabbit burrows or old tree root cavities. Dispersive soils are removed by the 
water flow permitting more and more water to pour into the cavity and further erode the soil. 
As the tunnel expands, parts of the tunnel roof collapse. This leads to potholes and gullies and 
holes in dams and banks.27, 30  
 
Indications of tunnel erosion include water seepage at the foot of a slope and fine sediment 
fans downhill of a tunnel outlet.  
 

Mass movement 
Mass movement is the movement of soil and rock downslope after heavy storms when soil 
becomes waterlogged and heavy. It is most frequent on slopes above 25 degrees with little or 
no vegetation.27, 30  
 
Types of mass movement include soil creep, slumps, landslips, landslides and avalanches. 
Factors increasing mass movement include erosion or excavation undermining the foot of a 
slope, weight loads of buildings or embankments, and loss of stabilising roots through removal 
of vegetation. Removing vegetation may also increase soil water levels and soil water pressure, 
reducing the cohesive strength of the soil.27, 30  
 
Early signs of mass movement include previous movement, bare soil ‘scars’ across slopes, and 
stock tracks causing cracks or minor terracing. Old or dormant landslips are characterised by 
long, uneven hummocky slopes and bent tree trunks on steep slopes. Because gravity is the 
principal force in mass movement expert advice is needed to remedy affected land.  
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3.8 Dryland Salinity  
Dryland salinity is the build up of salt in the surface soil as a result of a rising water table and 
groundwater seepage.27,33  
Causes of dryland salinity include: 

• Increased rainfall as part of natural climate variability33 

• The clearing of deep-rooted perennial vegetation 

• Soil acidity 

• Soil infertility  

• Poor grazing management.33 
 
Recent examination of records of groundwater levels in bores sunk in the Murray-Darling 
basin of NSW (many dating back more then 100 years) has found that groundwater levels in 
the bores, when correlated with rainfall and other climate and historical data, had risen and 
fallen in line with the variations in rainfall.34 
 

As a result of this research it is now believed that natural climatic variation is the primary 
cause of dryland salinity in Australia. Between 1895 and 1946 Australia experienced an 
extended dry period. From 1947 there was a marked shift to wetter conditions which, 
together with the increased incidence in land clearing, led to large areas of salt affected 
land.33 
 
Although a secondary cause, land clearing is nonetheless a major contributing factor to 
dryland salinity. Prior to land clearing, native trees, shrubs and perennial grasses utilised the 
soil moisture and dried the soil profile. The replacement of large areas of native vegetation 
with shallow rooted annual species has greatly reduced the ability of plants to dry out the 
soil. Combined with factors such as poor ground cover and soil acidity, the excess water 
contributed to rising water tables.33 
 
The main symptom of dryland salinity is the “saline seeps” which are salt deposits on the soil 
surface derived from the rocks and soil profile. These are created when water tables reach 
the surface or have risen to 1-2 metres below the soil surface and water is drawn up by 
capillary rise. Salt concentrations continue to develop in these saline seeps as salt is drawn 
up through the soil profile and the water evaporates. 
 

Where does the salt come from? 
The three main sources of salt include cyclic salts, weathering salts and fossil or connate 
salts: 

• Cyclic salts are ocean salts carried inland and deposited by rain 

• Weathering salts are created from the weathering of soil and rock which break down 
minerals and release chemicals that form soluble salts 

• Fossil salts are derived from entrapped salty solutions or from fossil water laid down in 
marine sediments.33 

 
A number of salts are known to occur in the region. They include sodium chloride, sodium 
bicarbonate and other sodium, magnesium and potassium salts.  

 

Impact of dryland salinity 
Dryland salinity reduces production. In areas affected by salinity, salt tolerant species 
dominate at the expense of productive pasture species. Overgrazing can result as animals 

                                    
27Hartwell, D. Land Management Facts for the Upper Lachlan Catchment. Upper Lachlan Catchment Land Management Advisory 
Services, 1998. 
33Anderson, J., Britten, R. and Francis, J. Dryland Salinity. 1: The causes. Salt Action, 1993. 
34Rančić, A., Salas G., Kathuria, A. Acworth, I. Johnston, W., Smithson, A. and Beale, G. Climatic influence on shallow fractured-
rock groundwater systems in the Murray–Darling Basin, NSW. NSW Department of Environment and Climate Change, Sydney 
South, 2009. 
 



 

 21  

feed on the small amount of green pick available and on the salts themselves. The reduction 
in ground cover caused by overgrazing and the increasing salt loads lead to extensive erosion 
of the fragile soils. This has significant impacts from the loss of valuable topsoil and on water 
quality with increased salt loads and turbidity affecting waterways in the catchment.27, 35 
 
Other impacts of dryland salinity include: a decline in native vegetation and an associated 
decline in biodiversity, infrastructure damage (including damage to roads, buildings, fences 
and pipelines), and reduced land values. 
 

Salinity in the Jerrawa Creek Catchment 
Much of the catchment is classified as having a moderate to high salinity hazard (Map 6). This 
hazard is determined by characteristics which influence the risk of dryland salinity. These 
include: soil salt store, soil permeability, geological salt store potential, degree of geological 
complexity, slope, landuse and hydraulic loading (rainfall and irrigation).16, 35  
 
In 1998 an electromagnetic induction (EM) survey was undertaken at eight sites in the 
catchment to assess the potential for salinity and allow a better understanding of hydrology 
and movement of salt in the landscape.36The survey measured the differences in electrical 
conductivity (mS/m) along a transect at each site. These measurements indicate the relative 
amount of salt stored in the soil profile.36The EM survey found the salinity hazard ranged 
from very low (~ 10 mS/m) to a high (>90 mS/m) across the sites. Most sites had readings 
ranging from 50 – 70 mS/m, confirming a moderate salinity hazard for the region.36 
 
Currently, dryland salinity affects 880 hectares or 2.4% of the catchment (Map 7). Most of 
the salt affected areas in the region are found in lower lying areas and along drainage lines. 
Saline sites are also found at the boundary between rock types and other geological barriers, 
such as quartz veins.16  
 
The majority of the affected area (539 hectares or 1.5% of the catchment) remains in the 
early phase of dryland salinity. The remaining salt affected areas are more severe with 126 
hectares (0.34% of the catchment) associated with low to moderate sheet erosion, and 237 
hectares (0.64% of the catchment) associated with severe rill and sheet erosion.18  

 

 

 

                                    
16Sticpewich, A. Upper Lachlan Regional Action Plan. Upper Lachlan Catchment Co-ordinating Committee Inc., 2000. 
18NSW Government Department of Environment and Climate Change. Jerrawa Creek Landcare Area GIS Spatial Data. NSW 
Government Department of Environment and Climate Change, 2008. 
27Hartwell, D. Land Management Facts for the Upper Lachlan Catchment. Upper Lachlan Catchment Land Management Advisory 
Services, 1998. 
35National Dryland Salinity Program. Assessing the Causes, Impacts, Costs and Management of Dryland Salinity. Occasional 
Paper No 20/98. Revision Number One. Land and Water Australia, 1998.  
36Powell, N., Gourlay, R. and Williams, B. Report on the Jerrawa Creek Catchment planning stage 2. Environmental Research and 
Information Consortium (ERIC), Canberra, 1998. 
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27Hartwell, D. Land Management Facts for the Upper Lachlan Catchment. Upper Lachlan Catchment Land Management Advisory 
Services, 1998. 
37Francis, J. and Sonter, B. Dryland Salinity. 8: Options for control. Salt Action, 1994. 
38Gould, L. Planting Companion: a guide to native revegetation in the ACT region. ACT Forests, Department of Urban Services, ACT 
Government, 2005.  
39Francis, J. and Marcar, N. Dryland Salinity. 4: Productive use of salt affected land. Salt Action, 1993. 

Management options 
The incidence of dryland salinity is directly related to the amount of water in the 
landscape. With the current dry conditions and lower groundwater levels, the perceived 
threat from dryland salinity has declined. Despite the dry conditions, the visual 
symptoms of salinity remain and the risk of salinity can resurface when wet conditions 
return.  
 
Methods to control dryland salinity include: 

• Protecting remnant native vegetation 

• A combination of recharge planting, interception planting (break of slope, along 
drainage lines and discharge perimeter planting) and discharge planting, using deep 
rooted perennial pastures and a diversity of native trees, shrubs and perennial 
grasses is usually recommended depending on the soil landscape. 

• Maintain high plant biomass - utilise grazing strategies that promote dense and 
actively growing pastures. Healthy, highly productive crops use more water and 
reduce groundwater recharge.37  

 
The maximum benefit can be gained by revegetating in areas of high groundwater 
recharge. These areas are often on ridgelines which have shallow soils with low water 
holding capacity and lower carrying capacity. Discharge areas affected by dryland salinity 
can be established with salt tolerant native tree and shrub or pasture species. Salt 
tolerant native species include: 

• Silver Wattle (Acacia dealbata) 

• Crimson Bottlebrush (Callistemon citrinus) 

• Swamp She-oak (Casuarina glauca) 

• River Red Gum (Eucalyptus camaldulensis) 

• Mountain Swamp Gum (Eucalyptus camphora) 

• Argyle Apple (Eucalyptus cinerea) 

• Red Stringybark (Eucalyptus macrorhyncha) 

• Yellow Box (Eucalyptus melliodora) 

• Swamp Yate (Eucalyptus occidentalis) 

• Ironbark (Eucalyptus sideroxylon) 

• Ribbon Gum (Eucalyptus viminalis) 

• Rye Park Tea Tree (Leptospermum continentale) 

• Swamp Paperbark (Melaleuca ericifolia) 

• Broad-leaved Paperbark (Melaleuca quinquenervia).38  
 
Pasture species such as Australian Phalaris (Phalaris tuberosa L.), Victorian Perennial 
Ryegrass (Lolium perenne), Tall Wheat Grass (Thinopyrum ponticum), Trikkala or Gosse 
Sub-clover (Trifolium subterraneum ssp. Yanninicum), Puccinella and Palestine Strawberry 
Clover (Trifolium fragiferum) are recommended for this region.27, 39  
 
Contact the Lachlan Catchment Management Authority for further information on how 
to prepare salt affected sites for revegetation. 
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3.9 Grazing and Pasture Management 
Grazing management affects the composition, persistence and performance of pasture. 
Pastures maintained at a mass of 800 – 2500 kg of dry matter per hectare provide the 
optimum combination of high quality and quantity pasture and promotes pasture persistence. 
Perennial pastures consisting of both summer and winter active species are also preferable 
to pastures dominated by annual species.16, 26  
 
Maintaining optimal pasture composition, persistence and performance improves farm 
productivity, increases perennial pasture dominance and persistence and reduces the 
incidence of soil acidity as well as soil fertility and soil structure decline.16, 26  
 
Well managed pastures and grazing regimes also reduce the opportunity for erosion and 
weed infestation and ensures effective water use, reducing groundwater recharge and assists 
in preventing salinity outbreaks.16, 26  
 
Native pastures dominate the NSW Southern Tablelands, occupying approximately 50 – 60% 
of the region.40, 41 These pastures have developed from the grassland, grassy woodland and 
open grassy forest ecosystems present at European settlement26 and have been used 
successfully to breed animals for wool and meat production since the earliest pastoral 
settlement. Today, despite a history of modification and replacement, native pastures 
continue to underpin much of the pastoral production in the region.40, 42 Common native 
pasture species in the region include Wallaby Grass (Austrodanthonia spp.), Red-leg Grass 
(Bothriochloa macra), Common Wheatgrass (Elymus scaber), Red-anther Wallaby Grass (Joycea 
pallida), Weeping Grass (Microlaena stipoides), Tussock Grass (Poa spp.) and Kangaroo Grass 
(Themeda australis). Most native pastures also co-exist with a range of exotic plant species 
including legumes, introduced grasses and weeds.40, 41 
 

The value of native pastures 
Native pastures are more tolerant of a wider range of soil types and a range of adverse 
conditions including both low and high soil nutrient levels, saline and acidic soils and 
drought.40, 41, 42 They also provide green pick throughout the year. This is important in 
maintaining the high tensile strength often found in wool grown from these pastures.40 
Native pastures also provide essential habitat for native plants and animals, many of which 
are under threat as their habitat has been significantly reduced.42 
 
Native pastures often have a lower carrying capacity and return lower levels of income per 
hectare compared with introduced pastures. However, this can be offset by lower input and 
management costs.42   
 
The long term productivity and sustainability of native pasture systems rely on maintaining 
the perennial grass component and increasing the contribution and diversity of desirable 
native species. Short intensity rotational grazing systems have been shown to improve the 
productivity of native pastures and increase the perennial grass component compared with 
set stocking.42, 43 Many native pastures also contain clover and have the ability to respond to 
phosphorus fertilisers. Provided the pastures are managed to limit clover growth, significant 
increases in production can be achieved while still maintaining the native perennial grasses.42 

 

                                    
16Sticpewich, A. Upper Lachlan Regional Action Plan. Upper Lachlan Catchment Co-ordinating Committee Inc., 2000. 
26Langford, C.M., Simpson, P.C., Garden, D.L., Eddy, D.A., Keys, M.J., Rehwinkel, R. and Johnston, W.H. Managing Native 
Pastures for Agriculture and Conservation. NSW Department of Primary Industries, 2004. 
40Simpson, P. Productivity of Native Grass-based Pastures on the Tablelands. Agnote Reg 4/68. NSW Agriculture, 1994 
41Hall, R. & Hazell, D. Study Results: maintenance of biodiversity in native pastures. What are the benefits for primary producers and 
grassy ecosystems on the Southern Tablelands? Southern Rivers Catchment Management Authority, n.d. 
42Land and Water Australia Land, Water & Wool: Productive native pastures in the high and medium rainfall zones. Land and Water 
Australia, Canberra, 2005. 
43Anderson, F. Effects of time controlled grazing and set stocking on soil and pasture: Southern and Central Tablelands, NSW 
(honours thesis). Australian National University, Canberra, 2005. 
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The local perspective 
A local study found that the majority of land managers in the Southern Tablelands consider 
native pastures to be advantageous and the backbone of their agricultural enterprise.41 This 
is primarily due to the tolerance and persistence of native pastures during drought and their 
very low maintenance requirements. Many land managers also reported an improvement in 
stock condition and health when grazed on native pastures.41  
 
Studies in the NSW Central and Southern Tablelands have shown that fertilised native 
pastures oversown with subterranean clover are carrying up to 80% of the stocking rates of 
fertilised pastures sown with introduced grasses and legumes.40 This success was attributed 
to the tolerance of native pastures to a wide range of environmental conditions. 
 
In terms of wool production, it has been found that sown pastures which had reverted to 
native dominance produced the greatest amount of wool (19kg wool / hectare).44 This 
indicates that although native pastures are important, sowing or renovating pasture is also 
integral to wool production.44  
 
Landholders in the region are weary of sowing pastures during drought. The focus is 
currently on rejuvenating perennial pastures by getting fertiliser rates right and undertaking 
strategic weed control. There is also an emphasis on resting paddocks at key times and 
shifting away from set stocking (Leech pers. comm. 2009).  
 

 
                                    
26Langford, C.M., Simpson, P.C., Garden, D.L., Eddy, D.A., Keys, M.J., Rehwinkel, R. and Johnston, W.H. Managing Native 
Pastures for Agriculture and Conservation. NSW Department of Primary Industries, 2004. 
40Simpson, P. Productivity of Native Grass-based Pastures on the Tablelands. Agnote Reg 4/68. NSW Agriculture, 1994 
41Hall, R. & Hazell, D. Study Results: maintenance of biodiversity in native pastures. What are the benefits for primary producers and 
grassy ecosystems on the Southern Tablelands? Southern Rivers Catchment Management Authority, n.d. 
42Land and Water Australia Land, Water & Wool: Productive native pastures in the high and medium rainfall zones. Land and Water 
Australia, Canberra, 2005. 
43Anderson, F. Effects of time controlled grazing and set stocking on soil and pasture: Southern and Central Tablelands, NSW 
(honours thesis). Australian National University, Canberra, 2005. 
44Reid, N. Biodiversity and Wool Production – answers to the 10 big issues. Land, Water and Wool Northern Tablelands 
Northern Tablelands Project Fact Sheet 9. A technical guide. Land and Water Australia, Canberra, 2006. 

Management options 
Time control grazing versus set stocking 
Set stocking or continuous grazing are broad terms used to describe grazing management 
where a paddock is stocked more or less constantly with the same animals for an indefinite 
period of time.26, 41 The stocking rate is usually determined by experience of what the 
paddock will or has carried in the past. The stock may be removed for short periods for 
management activities such as drenching, crutching or shearing and are then returned to the 
same paddock. The emphasis of this practice is on stock management rather than pasture 
management. 26, 41 
 
Alternatives to set stocking include rotational grazing, cell grazing, time controlled (pulse) 
grazing and holistic management.26, 40 These approaches all have an emphasis on the growth 
and recovery of pasture species, rather than on the stock. Strategically resting the pasture to 
maintain ground cover and plant vigour promotes a ‘sustainable’ pasture.41 

 
Over 50% of land managers in the NSW Southern Tablelands have changed from set 
stocking to rotational or time control grazing, with a further 13% being in a transitional 
phase between set stocking and time control grazing.40 Reasons for this change included 
adapting to the drought, responding to the ideas promoted by holistic management, a desire 
to repair and care for the pasture, and a desire to look after the country.42  

 
A study comparing soil properties and pasture composition between farms using time 
control grazing and set stocking grazing strategies in the NSW Central and Southern 

Tablelands found that time control grazing significantly increased the perennial component of 
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43Anderson, F. Effects of time controlled grazing and set stocking on soil and pasture: Southern and Central Tablelands, NSW 
(honours thesis). Australian National University, Canberra, 2005. 
45Holistic Management International Australia, What is Holistic Management, viewed 15 August 2009,  
46Land, Water & Wool Project, Native Vegetation and Biodiversity Fact Sheets, Case Study: Wool production & biodiversity 
working together for Tim & Karen Wright, Land and Water Australia and Australian Wool Innovation Limited, n.d. 

Management options  
Time control grazing versus set stocking - continued 
pastures and created a more desirable pasture composition.43 Fewer weeds were also 
present compared to paddocks that were set stocked.43  
 
Soils on farms using time control grazing methods also had slightly higher levels of organic 
carbon and aggregate stability and experienced greater water infiltration. Soil pH was higher 
under time control grazing. Soil pH also increased on farms that had switched from set 
stocking to time control grazing 10 years earlier. Significantly less compaction was also 
recorded under time controlled grazing compared to set stocking.43  
 

Holistic management  
Holistic management is a tool developed by Allan Savory to assist land mangers to formulate 
grazing strategies based on a triple bottom line analysis of a farming enterprise. The concept 
of holistic management is centered on identifying what is needed for the wellbeing of the 
individual as well as the land. It is also about adapting to changes in economic and 
environmental conditions (e.g. drought).45 

 
Holistic management uses “planned grazing” strategies. This involves intensive grazing with a 
high stock density for short graze periods followed by long rest periods. It also involves  
implementing grazing strategies based on ground cover and pasture condition rather than 
stock condition, and planning stock numbers based on pasture quality and quantity.45, 46  
Holistic management is also about diversification and being able to recognise if and when 
diversification into alternate enterprises would assist to meet individual goals.  
The principles behind holistic management include: 

• Develop a holistic goal which takes into consideration personal values, the resource base 
and available finances46 

• Match enterprises to the environment (not the other way around) 46 

• Match stocking rate to the assessed carrying capacity of the land, and revise assessments 
frequently46 

• Manage for the full range of plant species and the whole ecosystem46 

• Think of livestock as tools 46 

• Design paddocks to suit the topography and the land46 

• Use a flexible grazing plan and monitor the water and mineral cycles, energy flow, and 
the plant sward to ensure the plan is on track46 

• Test all decisions against the holistic goal46 
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Jerrawa Creek Catchment Targets and Action 
Land Management – Soil and Pasture Health 
T1 By 2020 100% of landholders and land managers within the Jerrawa Creek Catchment 

and the surrounding area have >70% groundcover on their properties 100% of the 
time.  

Actions 

• To increase public awareness of the economic and environmental necessity of 
maintaining high groundcover levels.  

• To educate local landholders on adaptive (holistic) land management strategies.  

• To lobby the Livestock Health and Pest Authority to revise the stocking rates it 
uses for rating purposes in response to changing climatic conditions. 

T2 By 2020 70% of farms within the Jerrawa Creek Catchment and the surrounding area 
have a whole farm plan. 
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3.10 Native Vegetation  
It is estimated that 10500* hectares of remnant native vegetation remain in the catchment 
(28% of the region)18 (Map 8). The dominant vegetation communities include Southern 
Tableland Dry Sclerophyll Forest, Natural Temperate Grasslands of the Southern Tablelands 
and White Box – Yellow Box – Blakely’s Red Gum Woodland. 
 
*The extent of Natural Temperate Grasslands is based on predictive modeling. The extent 
of Natural Temperate Grasslands depicted in Map 8 represents the highest likelihood of 
grasslands in the catchment. These grasslands include areas of native pasture. Their true 
extent may be smaller than that depicted in the mapping. The mapping does not provide 
information on the quality of remnant native vegetation within the catchment.  
 
Further work is required to determine the true extent of Natural Temperate Grasslands and 
quality of all vegetation communities in the catchment. 
 

Southern Tableland Dry Sclerophyll Forest 
Conservation status:  

• The Southern Tablelands Dry Sclerophyll Forest is not considered a threatened 
community and is well represented in the landscape. 

 
Dry Sclerophyll Forest communities occur primarily on the shallow, rocky and infertile 
soils47 of the Mundoonen ranges. Dominant tree species include Red Stringybark (Eucalyptus 
macrorhyncha) and Scribbly Gum (E. rossii), with Red Box (E. polyanthemos), Broad-leaf 
Peppermint (E. dives) and Bundy (E. goniocalyx) also common.48, 49 
 
The understorey vegetation is often sparse and dominated by shrubs or tussock grass 
species such as Slender Bitter-pea (Daviesia leptophylla), Silver Wattle (Acacia dealbata), Red-
anther Wallaby Grass (Joycea pallida) and Snowgrass (Poa sieberiana var. sieberiana).  
 
It is estimated that approximately half of this vegetation community has been cleared since 
European settlement.48 The patches that remain are often isolated and fragmented, reducing 
the habitat available to native flora and fauna. Some sites contain threatened plant and/or 
animal species. 
 
Threats to Dry Sclerophyll Forest communities include: 

• Clearing, degradation and fragmentation of remnants 

• Peri-urban, rural residential and infrastructure development 

• Weed (including pine wildings) and feral animal invasion  

• The loss of paddock trees by direct removal or death caused by pressure exerted from 
stock camping under the trees (heavy grazing, soil compaction and increased nutrient 
loads). Paddock trees often bear large hollows and provide important habitat. 

• Firewood collection 

• Bushrock collection.48 

 
 
 
 

                                    
18NSW Government Department of Environment and Climate Change. Jerrawa Creek Landcare Area GIS Spatial Data. NSW 
Government Department of Environment and Climate Change, 2008. 
47Keith, D. Ocean Shores to Desert Dunes: the Native Vegetation of the New South Wales and the ACT. NSW Department of 
Environment and Conservation, 2004. 
48Fallding, M. Planning Framework for Natural Ecosystems on the ACT and NSW Southern Tablelands. Natural Heritage Trust, NSW 
National Parks and Wildlife Service and Land & Environment Planning, Hurstville, 2002. 
49NSW National Parks and Wildlife Service. Mundoonen Nature Reserve Plan of Management. NSW Department of Environment 
and Conservation, 2005. 
 



 

 28  

White Box - Yellow Box - Blakely’s Red-Gum Woodland 
Conservation status:  

• Listed as an Endangered Ecological Community under the NSW Threatened Species 
Conservation Act 1995  

• Listed as a Critically Endangered Ecological Community under the Australian 
Government Environment Protection and Biodiversity Conservation Act 19993  

 
Box-Gum Woodland communities occur on the deeper, more fertile soils of the footslopes 
and midslopes, and occasionally on upper slopes. Dominant tree species include White Box 
(Eucalyptus albens), Yellow Box (E. melliodora) and Blakely’s Red Gum (E. blakelyi).  
 
The understory has a rich diversity of grasses, tussocks and herbs including Kangaroo Grass 
(Themeda australis), Wallaby grasses (Austrodanthonia spp.), Bulbine Lily (Bulbine bulbosa), 
Kidney Weed (Dichondra repens) and sparse shrubs including Sweet Bursaria (Bursaria 
spinosa), Common Cassinia (Cassinia longifolia) and Grey Guinea Flower (Hibbertia obtusifolia). 
 
Threats to Box-Gum Woodland communities include: 

• Clearing, degradation and fragmentation of remnants 

• Weed (including pine wildings) and feral animal invasion  

• The loss of paddock trees by direct removal or death caused by pressure exerted from 
stock camping under the trees (heavy grazing, soil compaction and increased nutrient 
loads). Paddock trees often bear large hollows and provide important habitat. 

• Inappropriate grazing regimes 

• Peri-urban, rural residential and infrastructure development 

• Firewood collection 

• Bush rock collection.48 
 

Natural Temperate Grasslands of the Southern Tablelands (NSW and ACT) 
Conservation status:  

• Listed as an Endangered Ecological Community under the Australian Government 
Environment Protection and Biodiversity Conservation Act (1999)  
 

Native Temperate Grasslands are dominated by grasses and with less than 10% tree canopy 
cover.48 Grassland types vary and may be dominated by species such as Kangaroo Grass 
(Themeda australis), Tussock Grasses (Poa spp.), Red-leg Grass (Bothriochloa macra), Spear 
Grasses (Austrostipa spp.) and Wallaby Grasses (Austrodanthonia spp.).  
 
Other species could include Common Everlasting (Chrysocephalum apiculatum), Bluebells 
(Wahlenbergia spp.) and Australian Bindweed (Convolvulus erubescens) and the threatened 
Hoary Sunray (Leucochrysum albicans var. tricolor). 
 
Threats to Natural Temperate Grassland communities include: 

• Clearing, degradation and fragmentation of remnants 

• Weed (including pine wildings) and feral animal invasion  

• Inappropriate grazing regimes 

• Inappropriate burning / slashing regimes 

• Peri-urban, rural residential and infrastructure development 

• Bush rock collection. 
 
Less than 2% of the pre-European extent of Natural Temperate Grasslands and Box Gum 
Woodlands remain. The remaining patches are highly fragmented, often small, on multiple 

                                    
3Australian Government Department of the Environment, Water, Heritage and the Arts, EPBC Act Protected Matters Report, 
viewed 2 February 2009, <http://www.environment.gov.au/cgi-bin/erin/ert/epbc/epbc_report.pl>  
48Fallding, M. Planning Framework for Natural Ecosystems on the ACT and NSW Southern Tablelands. Natural Heritage Trust, NSW 
National Parks and Wildlife Service and Land & Environment Planning, Hurstville, 2002. 
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land tenures and are not adequately managed to protect the conservation values. Only a 
very small proportion remain in good condition (i.e. floristically and structurally intact and 
low weed cover). Some sites contain threatened plant and/or animal species.  
 
Examples of sites with remnant Box-Gum Woodlands and Natural Temperate Grasslands in 
the region include Travelling Stock Reserves (TSRs), cemeteries and unused crown road 
reserves.  
 

 
 

3.11 Native Flora and Fauna 
There are four plant and 38 animal species listed as threatened or considered to be in 
decline in this region (Appendix 2 and 3).3, 50  
 
The threatened plants are Hoary Sunray (Leucochrysum albicans var. tricolor), Button 
Wrinklewort (Rutidosis leptorrhynchoides), Yass Daisy (Ammobium craspedioides) and Aromatic 
Peppercress (Lepidium hyssopifolium).3 
 
Threats to native flora include: 

• Inappropriate grazing regimes 

• Herbicide use  

• Inappropriate fire regimes / wildfire  

• Pasture improvement  

• Soil fertility changes  

• Weed invasion.3 
 
Examples of threatened animals include the Macquarie Perch (Maccullochella peelii peelii), the 
Eastern Bentwing-bat (Miniopterus schreibersii oceanensis), the Hooded Robin (Melanodryas 
cucullata cucullata), and the Diamond Firetail (Stagonopleura guttata).3 
 
Threats to native fauna include: 

• Predation and competition from feral animals (such as foxes and cats) 

• Land clearing (inc. loss of hollow bearing trees such as paddock trees) 

• Ringbarking, soil compaction, stock camps 

• Complete mistletoe removal 

• Removal of fallen timber 

• Weed invasion 

• Inappropriate vegetation management 

• For Macquarie Perch threats include river siltation, river regulation, reduced spawning 
habitat access and the effects of predation and competition from introduced species.3 

 

Bird surveys 
Since 2000 Greening Australia Capital Region and the Canberra Ornithologists Group have 
been surveying birds in the Southern Tablelands as part of the Birdwatch project. In the 

                                    
3Australian Government Department of the Environment, Water, Heritage and the Arts, EPBC Act Protected Matters Report, 
viewed 2 February 2009, <http://www.environment.gov.au/cgi-bin/erin/ert/epbc/epbc_report.pl>  
50NSW Department of Environment and Climate Change. Threatened species: species, populations and ecological communities of 
NSW, Viewed 3 March 2009, 
<http://www.threatenedspecies.environment.nsw.gov.au/tsprofile/cma_subregion_list.aspx?id=682> 

 

 
Protecting, managing and enhancing the Natural Temperate Grassland and Box-Gum Woodland 

communities is a high priority. 
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region surrounding the Jerrawa Creek Catchment 69 surveys have been undertaken in 11 
revegetation sites and 10 surveys in 2 remnant native vegetation sites. 
 
These surveys recorded 83 species across all sites. The most common birds found in 
revegetation sites were: Crimson Rosella (Platycercus elegans) recorded in 70% of surveys, 
Superb Fairy-wren (Malurus cyaneus) recorded in 61% of surveys, Yellow-rumped Thornbill 
(Acanthiza chrysorrhoa) recorded in 51% of surveys and the Australian Magpie (Gymnorhina 
tibicen) recorded in 48% of surveys.  
 
The most common birds recorded in remnant native vegetation sites were: Crimson Rosella 
(Platycercus elegans) recorded in 90% of sites and Buff-rumped Thornbill (Acanthiza reguloies), 
Scarlet Robin (Petroica multicolor), Striated Thornbill (Acanthiza lineata) and White-throated 
Treecreeper (Cormobates leucophaeus) which were all recorded in 60% of surveys. See 
Appendix 4 for a full list of results. 
 

3.12 Revegetation 
Land owners and land managers have been undertaking revegetation works in the Jerrawa 
Creek Catchment for many years. These projects have either been self funded or 
undertaken in partnership with government and non-government agencies. 
 
There are many benefits of revegetating the landscape. These include providing shade and 
shelter for stock, controlling erosion and salinity, improving water quality, increasing 
biodiversity and improving the aesthetic values of the landscape. 
 

Jerrawa Creek Catchment Targets and Actions 
Biodiversity and Native Vegetation  
T3 By 2020 600 ha of remnant native vegetation on private land is protected and actively 

managed for biodiversity conservation. 
T4 By 2020 500 hectares of native vegetation established through revegetation works using 

local endemic species. 
Actions 

• To identify priority native vegetation sites. 
• Strategically plan linkages within the catchment for revegetation works. 
• Engage landholders along linkages in on-ground works. 
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3.13 Weeds 
The impact of weeds on agriculture and the environment is well known. Agricultural weeds 
compete with valuable pasture and crop species for resources (light, water and nutrients), 
reduce stock carrying capacity and, in the case of toxic species, can cause stock illness and 
death. Environmental weeds invade native vegetation and adversely affect the regeneration 
and survival of indigenous flora and fauna. Weed invasion is one of the most serious nature 
conservation issues in Australia.51, 52 
 
Weeds such as willows (Salix spp.) cause stream bank erosion and associated water quality 
decline. This impacts the environment and agriculture alike. The impacts of willows are 
discussed further in section 4.2.5. 
 
The Upper Lachlan Shire Council has prioritised the control of the following noxious weeds: 

• African Love Grass (Eragrostis curvula) 

• Blackberry (Rubus spp.)  

• Chilean Needle Grass (Nassella neesiana) 

• Fireweed (Senecio sp.) 

• Gorse (Ulex europaeus) 

• Scotch/English Broom (Cytisus scoparius)  

• Serrated Tussock (Nassella trichotoma) 

• St John’s Wort (Hypericum perforatum).51 
 

3.13.1 Serrated Tussock (Nassella trichotoma) 
Serrated Tussock was highlighted as the highest priority for control by the community as 
part of the process of developing this plan. It is listed as a weed of national significance and is 
a major threat to both the environment and agriculture.  
 

Impacts on agriculture 
Serrated Tussock is described as potentially causing a greater reduction in carrying capacity 
than any other weed in Australia. It is estimated that heavy infestations of serrated tussock 
can result in a 95% loss in production.53  
 
Serrated Tussock is unpalatable to livestock and will only be eaten if nothing else is available. 
It has a very low nutrient content and is insufficient to meet livestock requirements. It also 
has a high fibre content of 86%, crude protein levels as low as 4% and 3.3% crude fat.53 If 
livestock are forced to graze pastures containing serrated tussock the energy used to digest 
the fibrous leaves will be higher than energy acquired from digestion. This can cause 
malnutrition and weight loss. If consumed in large quantities the fibrous leaves can form balls 
in the rumen causing a loss of condition and eventual death.53 

 

Impacts on native vegetation 
The invasion of Serrated Tussock is a serious threat to the native plants and animals in native 
grasslands. It competes with native plant species for resources and significantly reduces 
native plant and animal species diversity. Serrated Tussock is also very similar in appearance 
to many native grasses and can go unnoticed for many years. Often, by the time an 
infestation is recognised, many native grasses have been lost.53  
 
Although Serrated Tussock is most problematic in native grasslands, it can also invade other 
native vegetation communities, such as box gum woodlands and dry sclerophyll forests.53 

                                    
51 Upper Lachlan Shire Council, Upper Lachlan Shire Council Management Plan for the Enforcement of Class 4 Noxious Weeds 
under the Noxious Weeds Act 1993. Upper Lachlan Shire Council, Crookwell, 2009 
52Humpheries, S.E., Groves, R.H. and Mitchell, D.S. ‘Plant invasions of Australian ecosystems: a 
status review and management directions’. Kowari vol. 2, 1991, pp. 1 – 134.  
53 CRC for Weed Management Systems Weeds of National Significance Weed Management Guide: Serrated Tussock Nasella 
trichotoma, 2003. 54Molonglo Catchment Group Weed Fact Sheet Serrated Tussock (Nassella trichotoma), n.d.  
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51 Upper Lachlan Shire Council, Upper Lachlan Shire Council Management Plan for the Enforcement of Class 4 Noxious Weeds 
under the Noxious Weeds Act 1993. Upper Lachlan Shire Council, Crookwell, 2009 
53CRC for Weed Management Systems Weeds of National Significance Weed Management Guide: Serrated Tussock Nasella 
trichotoma, 2003.  
54Molonglo Catchment Group Weed Fact Sheet Serrated Tussock (Nassella trichotoma), n.d.  
55R Osmond, M Veebeek, D A McLaren, M Michelmore, B Wicks, C J Grech & P Fullerton Serrated tussock - National best 
practice manual. Victorian Government Department of Primary Industries, Melbourne, 2008.  

Management options 
Legal responsibilities 
Serrated Tussock is listed as a class 4 noxious weed under the Noxious Weeds Act 1993 in 
the Upper Lachlan Shire. All land holders are responsible for controlling Serrated Tussock. 
The plant must be fully and continuously suppressed and destroyed and cannot be sold, 
propagated or knowingly distributed. 
 

Prevention of spread 
• Prevention is the most desirable control. This is best achieved by coordinated 

management with neighbours and restricting contaminated machinery, stock and soil 
from entering your property. 

• All control programs should aim to reduce the amount of seed produced. 

• Desirable vegetation (including windbreaks) can be used as a barrier to effectively trap 
seed and reduce wind dispersal. 

• Rabbit proof fencing can also help to catch tumbling Serrated Tussock seed heads. 

• Maintaining good groundcover (at least 80%) will help prevent establishment (Serrated 
Tussock is opportunistic and will take advantage of bare ground resulting from 
overgrazing and drought). 

• Long term management relies on the establishment and maintenance of a competitive 
pasture that will out compete tussock seedlings and resist reinfestation. One way to 
encourage the competition of native grasses, which grow actively in summer, is to 
introduce a rotational grazing system where areas with Serrated Tussock problems are 
not grazed as heavily over summer. The aim of this method is to reduce seedling 
establishment, although it does not affect established adult tussocks.53, 54, 55 

 

Small infestations 
• Always be on the alert for the appearance of Serrated Tussock and check paddocks 

regularly for infestations. 

• Remove isolated or small patches of plants by spot spraying or chipping with a mattock. 
• Chipping should be done preferably before the tussocks set seed. Desirable grass seeds 

could be distributed over the bare patches created. 

• Do not chip out large patches of Serrated Tussock where a seedbank has built up 
because any soil disturbance will cause germination of seeds.54 

 

Large infestations 
• Large infestations on arable land can be successfully controlled with a program of 

cultivation, cropping and pasture improvement. This will reduce the soil seed reserves as 
seeds buried below 20 mm tend not to germinate. Seek advice on the suitability of these 
cultivating techniques for areas of land in a high risk category for soil erosion.51  

• Herbicide treatment alone usually results in reinfestation of Serrated Tussock from seed 
in the soil, so it is important to incorporate other control methods in an integrated 
management strategy. Competition from desirable pasture plants is especially 
important.53  

• A combination of herbicide treatment and revegetation with native species could also be 
considered on less arable land. 
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Jerrawa Creek Catchment Targets and Actions 
Pest Plants – Weeds of Catchment Significance 
T5 By 2020 100% of landholders and land managers within the Jerrawa Creek Catchment 

and the surrounding area are actively controlling weeds of catchment significance on 
their properties. 

Actions  

• To identify low, medium and high level (mother load) Serrated Tussock infestations 
across the catchment. 

• To increase public awareness of the economic and environmental impacts of 
Serrated Tussock. This includes actively lobbying local government to assist in 
raising community awareness of the issue (e.g through targeted field days and 
distributing the Upper Lachlan Shire Council’s rural landholder pack). 

 

3.14 Pest Animals 
Invasive pest animals are estimated to cost the Australian economy more than $700 million 
annually.56 They significantly impact primary production and the environment, threatening 
native species and communities. Species found in the Jerrawa Creek Catchment include 
foxes, rabbits, wild dogs, feral pigs, and occasionally feral goats and deer. Carp and other 
aquatic pests also occur. Foxes and rabbits are the two most problematic pest species in the 
catchment (Schlunke pers. comm. 2008).  
 

3.14.1 Red Fox (Vulpes vulpes) 
Foxes were highlighted as a high priority for control by the community as part of the 
process of developing this plan. Foxes are regarded as a serious pest of environmental and 
grazing systems in Australia.  
 
Foxes generally account for 2% to 5% of lamb mortality, although there are reports of foxes 
preying on up to 30% of lambs in some areas.56 A study undertaken in the Boorowa district 
during the 1990’s concluded that between 1% and 10% of lambs were predated by foxes.57, 58 
Nationally, the impact of foxes on sheep production is estimated at $17.5 million per year.  
 
Foxes also prey heavily on native birds, reptiles and mammals, and the economic 
consequences of this are estimated to greatly exceed the cost to agriculture ($190m).56

                                    
53 CRC for Weed Management Systems Weeds of National Significance Weed Management Guide: Serrated Tussock Nasella 
trichotoma, 2003.  
56R Jones, G Saunders & S Balogh, Outfox the Fox NSW Department of Primary Industries, Sydney, 2006.  
57G Saunders and L McLeod, Improving Fox Management Strategies in Australia NSW Department of Primary Industries and 
Australian Government Department of Agriculture, Fisheries and Forestry, Canberra 2007.  
58 Invasive Animals CRC, The Fox: Australia’s worst predator, n.d. 

Management options - continued 
Management and control in native grasslands 
Serrated tussock is a difficult weed to manage in native grasslands. To minimise damage to 
native vegetation, early detection is essential and careful physical removal of isolated plants is 
recommended. Revegetation with indigenous species is needed to prevent reinfestation. 
Larger infestations need to be contained using a combination of available methods to 

minimise the spread of serrated tussock into native grasslands.53 
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Jerrawa Creek Catchment Targets and Actions 
Vertebrate Pest Animals 
T6  By 2020 70% of landholders and land managers within the Jerrawa Creek Catchment 

and surrounding area are involved in strategic group management of vertebrate pest 
animals every year. 

Actions 

• To increase public awareness of the economic and environmental impacts of foxes.  

• To increase public awareness of fox control methods and legal requirements 
(including chemical accreditation). 

• To encourage and co-ordinate group fox baiting exercises at strategic times of the 
year. 

 
 

                                    
56R Jones, G Saunders & S Balogh, Outfox the Fox NSW Department of Primary Industries, Sydney, 2006.  

 

Management options 
Legislative responsibilities 
There is currently no obligation for landholders to control declared nuisance animals 
including foxes. It should be noted however, that there is currently a trial of foxes as 
declared pests in Northern NSW. 

 
Baiting 
Fox baiting is generally more effective than intensive measures such as trapping or shooting. 
Meat inoculated with sodium monofluoroacetate (compound 1080) is most palatable to 
foxes and has a relatively high target specificity. Commercial baits are also available. The use 
of visual and auditory cues, odorous chemicals, “draw baits” such as carcasses or other 
foods and synthetic pheromones can be used to attract foxes to a baiting site and increase 
the baiting effectiveness. Baiting is best done collaboratively with adjoining landholders and 
undertaken at least twice a year (autumn and spring) in the month leading up to lambing.56  
 

Complementary fox control 
A local study found that many lambs taken by foxes were severely affected by mismothering, 
exposure or starvation and were unlikely to survive despite fox predation.56 Individual 
landholders can reduce the loss of lambs to foxes by taking steps to avoid these scenarios. 
This includes providing high quality lambing shelter, reducing ewe disturbance, reducing fox 
harbor near to lambing sites and maintaining healthy ewe condition based on appropriate 

stocking rates and good pasture condition.56 
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4. WATER 
4.1 Water Quality 
The factors affecting water quality are turbidity, total phosphorus levels, pH, dissolved 
oxygen, temperature and electrical conductivity (the standard measure of salinity). 
 

Turbidity 
Turbidity is the measure of water clarity and an indicator of the amount of suspended 
sediment which may be indicative of the level of erosion in a system. Turbidity is measured 
in nephelometric turbidity units (NTU). Turbidity levels ideally range between 5NTU 
(drinking water) and 50NTU (maximum levels suitable for the protection of aquatic plants 
and animals).16  
 

Total phosphorus 
Total phosphorus is a measure of the amount of nutrients in the water. It is measured to 
determine the potential levels of algal growth in the system (which increases in response to 
excess nutrients and higher water temperatures). The source of these nutrients includes 
runoff from agricultural land and roads and can be a consequence of stream bank and gully 
erosion. Total phosphorus is measured in micrograms per litre (µg/L). Good total 
phosphorus levels are <20 µg/L, fair levels range from 20-50 µg/L and poor levels are >50 
µg/L.16  
 

pH 
The pH of stream water is affected by the geology and soils of the catchment as well as algal 
activity and the decomposition of organic matter. The pH scale ranges from 0 (very acid) to 
14 (very alkaline), 7 being neutral. The normal range of natural aquatic systems is 6 to 8. 
Readings outside this range causes stress on aquatic fauna. Acidity or alkalinity affects: 
� The rate of chemical reactions 
� The release of pollutants from sediments 
� The toxicity of pollutants 
� The rate at which pesticides beak down in water.16  
 

Dissolved oxygen  
Oxygen dissolves in water directly from the air, as a by-product of photosynthesis of water 
plants and algae and when water tumbles over rocks and weirs. The level of dissolved 
oxygen can be depleted when excessive amounts of organic material enter the water and 
bacteria break it down. Low dissolved oxygen (mg/L) levels can lead to the release of metal, 
nutrients and other pollutants from sediments. It also affects the taste and odour of the 
water and leads to fish kills.16  
 

Temperature 
Water temperature directly affects the physical, biological and chemical characteristics of 
aquatic ecosystems.59 Examples include: 

• Warm waters are more susceptible to eutrophication (a build-up of nutrients and 
possible algal blooms) as photosynthesis and bacterial decomposition work faster at 
higher temperatures 

• Oxygen is less soluble in warmer water. This leads to low dissolved oxygen levels 
affecting aquatic life. 

• Salts are more soluble in warmer water. This can increase the water's salinity levels. 

• Temperature directly affects the metabolic rate of plants and animals. Aquatic species 
have evolved to live in water with specific temperature ranges. If the water becomes too 
cold or too warm, these species can not function as effectively, becoming more 

                                    
16Sticpewich, A. Upper Lachlan Regional Action Plan. Upper Lachlan Catchment Co-ordinating Committee Inc., 2000. 
59Australia Government Department of Environment, Water, Heritage and the Arts, Waterwatch Australia National Technical 
Manual, viewed 21 June 2009. <http://www.waterwatch.org.au/publications/module4/electrical.html> 
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susceptible to toxic waste, parasites and diseases. With extreme temperature change, 
many organisms will die. Changes in long-term average temperature may alter species 
composition within the aquatic ecosystem.59 

 

Electrical conductivity (stream salinity)  
Salty water conducts electricity more readily than purer water. Therefore, electrical 
conductivity is routinely used to measure salinity. The types of salts (ions) causing the salinity 
are usually chlorides, sulphates, carbonates, sodium, magnesium, calcium and potassium. 
Stream salinity limits water use options, including use for human and stock drinking water 
and irrigation (Table 6). Stream salinity also impacts on ecosystem health.  
 
There are three main mechanisms of salt discharging into streams: 
� Direct runoff: salt entering directly into streams without being stored in the soil profile 
� Ground water discharge: when groundwater rises enough to intersect the stream 
� Throughflow discharge: may occur when salt saturated water (throughflow) from a 

shallow perched water table leads to leaching of salt into the surface soil. It can also 
happen when salt is transported from permanent saline groundwater to the soil surface 
by an upward motion (water potential gradient). This gradient may also be activated by 
soil water evaporation at the soil surface.16  

 
Table 6. Saline water use thresholds16, 59 
Water Use Threshold EC (dS/m) 
De-ionised water  0.0005-0.003 
Pure rainwater  <0.015 
Freshwater rivers  0 - 0.8 
Marginal river water  0.8 – 1.6 
Brackish water  1.6 – 4.8 
Saline water  >4.8 
Seawater  51.5 
Desirable limit for human consumption 0.8 
Not suitable for irrigation under normal conditions 2.3 
Absolute limit for human consumption 2.5 
Limit for mixing herbicide sprays 4.7 
Limit for poultry 5.8 
 

 
 
 

                                    
16Sticpewich, A. Upper Lachlan Regional Action Plan. Upper Lachlan Catchment Co-ordinating Committee Inc., 2000. 
59Australia Government Department of Environment, Water, Heritage and the Arts, Waterwatch Australia National Technical 
Manual, viewed 21 June 2009. <http://www.waterwatch.org.au/publications/module4/electrical.html> 

Management options 
There are no water quality logging stations in the catchment. A water quality logging station on 
the Lachlan River at Gunning was last used in 1987. 
 
Data on electrical conductivity was collected in the region from 1995 to 1997 (Table 7). 
Electrical conductivity levels ranged from 0.6 (safe for human consumption) to 3.2 (unsafe for 
human consumption and unsuitable for irrigation under normal conditions). Most of the EC 
measures fell within the range considered safe for human consumption. Readings taken at 
Catherines Creek and at the Lachlan River site had the lowest EC levels. Pine Hill had the 
highest EC levels. This information provides valuable base line data. However further analysis is 
needed to determine the current salinity levels in the catchment and to see how it has changed 
over time. 
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Table 7. Electrical conductivity levels for streams within the Jerrawa Creek Catchment (dS/m)  

Date / Creek 
Test Site 

Je 
1 

Ho 
2 

Cl 
3 

PH 
4 

Je 
5 

Ct 
6 

Ct 
7 

CP 
8 

Je 
9 

Je 
10 

Bk 
11 

Bn 
12 

Fl 
13 

Fl 
14 

Hm 
15 

Je 
16 

Ol 
17 

Ol 
18 

Je 
19 

Je 
20 

LR 
21 

6/11/1995 1.1 0.5 0.4 2.6 1.0 0.7 0.4 1.5 0.9 0.7 1.1 0.9 0.8 1.4 1.1 1.0 2.3 1.6 0.3 1.2 0.2 
4/12/1995 0.6 0.6 0.4 2.0 0.3 0.3 0.3 1.3 0.4 0.4 0.8 0.8 0.8 0.3 1.3 0.3 1.8 1.0 1.1 0.6 0.5 
1/1/1996 0.6 0.8 0.8 2.5 1.3 0.5 0.6 0.5 0.9 0.7 0.7 0.6 0.4 0.7 1.2 0.8 1.1 1.5 0.9 0.8 0.5 
5/2/1996 1.3 1.3 1.5 2.4 1.9 0.6 0.8  1.3 1.0 1.2 0.8 0.8 1.2 1.2 1.2 2.5 1.6 0.9 1.0 0.8 
4/3/1996 1.1 1.7 1.8 2.5 1.9      0.8 0.9 0.8   1.1 1.5 1.8 1.1 1.1 0.9 
1/4/1996 1.0 3.2 1.8   0.8 0.9 2.5 1.3 1.0 1.5 1.0 0.7 0.9 1.1 1.0 2.1 1.6 0.8 0.9 0.7 
6/5/1996 1.1 1.3 1.1 2.3 1.5 0.5 0.3 1.3 1.3 0.9 1.1 1.2 1.1 1.0 0.9 0.8 0.5 1.2 1.1 1.1 0.9 
3/6/1996  1.1 1.5 2.0 1.2 0.7 0.8 2.1 1.6 1.2 1.2 1.2 1.0 1.4 1.2 1.1 0.3 1.4 0.9 1.4 1.0 
1/7/1996  1.0 0.8   0.7 0.8 2.2 1.4 1.1 1.7 1.5 1.4 1.5 1.1 0.6 1.7 1.2 0.7 0.6 0.5 
5/8/1996  0.6 0.4   0.5 0.5 1.5 0.6 0.6 0.4 0.5 0.7 0.5 1.3 0.5  1.0 0.7   
2/9/1996  0.5 0.4   0.6 0.7 1.7 1.0 0.9 0.3 0.3 0.4 0.9 1.2 0.7  1.6 0.7   
7/10/1996  0.2 0.1   0.3 0.3 0.6 0.4 0.4 0.6  0.6 0.2 0.6 0.1  0.3 0.3   
4/11/1996  0.8 1.0   0.5 0.6 1.6 1.0 0.8 0.8  0.8 0.7 1.1 1.1 1.5 1.6 0.7 0.6 04 
2/12/1996  1.0 0.8   0.4 0.6 1.8 1.1 0.9 1.2  1.1 0.8 1.1  1.8  0.6 0.8 0.4 
6/1/1997      0.6 0.8  0.8 1.0 1.5 0.9 0.9 1.4 1.2       

Min 0.6 0.2 0.1 2.0 0.3 0.3 0.3 0.5 0.4 0.4 0.3 0.3 0.4 0.2 0.6 0.1 0.3 0.3 0.3 0.6 0.2 
Max 1.3 3.2 1.8 2.6 1.9 0.8 0.9 2.5 1.6 1.2 1.7 1.5 1.4 1.5 1.3 1.2 2.5 1.8 1.1 1.4 1.0 
green = EC levels at or below desirable level for human consumption; orange = above the desirable level for human consumption, but 
within safe limits; dark red = above the level for human consumption. Bold = the lowest and highest EC levels recorded. 

 
Site 
No. 

Site Name Tested by Aust. Grid 
Reference 

Site 
No. 

Site Name Tested by Aust. Grid 
Reference 

Site 
No. 

Site Name Tested by Aust. Grid 
Reference 

1 Jerrawa Creek 
(Lade Vale) 

M&A Nicholls 979430 8 Chain O Ponds 
Creek 

S. Armour 949484 15 Homewood 
Creek 

S. Armour 962518 

2 Hovells Creek B. Bray 942427 9 Jerrawa Creek 
(G Point) 

S. Armour 943490 16 Jerrawa Creek 
(Crows Nest) 

P. Brown 966527 

3 Caldwells Creek B. Bray 921445 10 Jerrawa Creek 
(Ian’s Gate) 

S. Armour 949507 17 Oolong Creek 
(Patonga) 

K. Brown 990498 

4 Pine Hill Creek J. Granger 971464 11 Back Creek W. Howard 916573 18 Oolong Creek B. Brown 988516 
5 Jerrawa Creek 

(Highway) 
J. Granger 952465 12 Buntons Creek W. Howard 916555 19 Jerrawa Creek 

(Dalton) 
A. Bollom 958876 

6 Catherines Creek 
(Jerrawa) 

S. Armour 915484 13 Flacknell Creek 
(Broadway) 

W. Howard 922568 20 Jerrawa Creek J. Walsh 991619 

7 Catherines Creek 
(G Point) 

S. Armour 938488 14 Flacknell Creek 
(Ian’s Gate) 

S. Armour 947508 21 Lachlan River J. Walsh 993622 
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4.2 Riverine Health 
This section highlights the results of a study of the riverine health of the Upper Lachlan 
Catchment.60 Data was collected from 10 sites in the Jerrawa Creek Catchment. 
Assessments were made of the following attributes at each site: 

• Reach environment condition 

• Bank stability 

• Stream bed and bar stability 

• Aquatic habitat condition 

• Riparian vegetation condition 

• Willow distribution 

• Aquatic vegetation condition 

• Overall condition. 
 
All attributes were rated (out of 100) at each site and ranked as follows: 
The condition categories The stability ranking categories  

 
 
Consideration must be given to the timing of this study. The field assessment for this study 
was undertaken in the late 1990’s. The subsequent drought has adversely affected the 
condition of the riverine environment in the catchment. This study has provided valuable 
base line data, however further analysis is needed to determine the current condition of the 
riverine environment and to see how it has changed over time. 
 

4.2.1 Reach Environment Condition 
The reach environment is the area adjacent to the riparian zone or the nearby floodplain 
(Figure 8).57 Local landuse affects stream condition. The assessment of the reach 
environment provides an indication of the causes of stream degradation.60  
 
The reach environment along the Jerrawa, Flacknell, Oolong and Chimney Creeks was 
ranked as poor (Map 9). A reach environment with a low ranking has little or no native 
vegetation, agriculture present on both sides of the watercourse, and willows may be 
established. Disturbance by humans and stock was apparent. 
 
Limestone Creek and Catherines Creek were ranked as having a very good reach 
environment (Map 9). A high ranking reach environment is vegetated on both sides of the 
watercourse and nearby floodplain and has minimal disturbance from human activities.16, 60  

                                    
16Sticpewich, A. Upper Lachlan Regional Action Plan. Upper Lachlan Catchment Co-ordinating Committee Inc., 2000. 
60Massey, C. An Assessment of Riverine Environment Health in the Lachlan Catchment, NSW. Lachlan 

Catchment Management Committee, 1998. 

Rating    Stability Ranking 

0 – 30   Very Unstable 

31 – 50   Poor Stability 

51 – 70   Moderate Stability 

71 – 90   Good Stability 

91 – 100  Very Stable 

Rating   Condition Ranking 

0 – 30   Very Poor 

31 – 50   Poor  

51 – 70   Moderate  

71 – 90   Good 

91 – 100  Very Good 
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4.2.2 Bank Stability 
Bank stability is ranked by the percentage of the bank on both sides of the watercourse 
recorded as being stable.60  
 
Limestone, Catherines and Oolong Creeks were assessed as having good bank stability (Map 
10). This indicates that between 10% and 29% of the upper and lower banks were unstable 
or actively eroding at the time of sampling.60  
 
Jerrawa, Chimney and Flacknell Creeks were all assessed as having very stable banks (Map 
10). This indicates that less than 10% of the upper and lower banks were unstable or actively 
eroding at the time of sampling.60 Factors affecting bank stability are discussed in section 4.3. 
 

4.2.3 Stream Bed and Bar Stability 
The stream bed and bar stability ratings are determined from the recorded proportion of 
the stream bed being redistributed (aggrading) to form a bar and the overall stability of the 
stream beds. The size, location and features associated with sand and gravel bars were 
determined, as well as the key processes assisting local stream erosion or aggradation.60 
 
Streams with no bars and stable beds were ranked favourably. Streams with aggrading or 
eroding beds were given lower rankings.60  
 
Jerrawa Creek and Chimney Creek were assessed as having poor stream bed and bar 
stability; Flacknell Creek was assessed as having good stream bed and bar stability and 
Limestone Creek and Catherines Creek were assessed as having very good stream bed and 
bar stability (Map 11). 
 
Grazing and bank erosion were the main factors affecting stream bed and bar stability 
observed in 61% and 26% of sites across the Upper Lachlan catchment, respectively. Other 
factors include bed deepening, sand extraction and mining.60 
 
 
 
 
 

                                    
60Massey, C. An Assessment of Riverine Environment Health in the Lachlan Catchment, NSW. Lachlan Catchment Management 
Committee, 1998.  
61Price, P. and Lovett, S. Managing riparian land. Fact sheet 1. Land and Water Australia, Canberra, 2002. 

Figure 8. The reach environment61 

 

The Reach Environment 

Fallen trees provide habitat 

for aquatic animals 

• Multi-layered (including trees, shrubs  
and groundcovers) riparian vegetation 

• Buffers streams against nutrient and  
• sediment runoff 
• Stabilises banks and limits streambank erosion 
• Provides aquatic and terrestrial habitat 
• Assists in stock management. 
 

Fences protect the riparian 
environment from damage 
by stock and aid in stock 

management 
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4.2.4 Riparian Vegetation Condition 
Riparian vegetation condition was assessed based on the following: 

• Percentage cover of trees, shrubs, and ground covers (herbs and grasses) within the 
riparian zone 

• The width of the riparian zone 

• Presence and abundance of exotic plant species. 
 
All creeks in the Jerrawa Creek Catchment were rated as having poor riparian vegetation 
condition (Map 12). This indicates they all had narrow riparian zones with most or all native 
vegetation removed and replaced with exotic species (e.g. exotic pasture or crop species, 
willows, blackberries etc).  
 
Riparian vegetation is very important in maintaining overall riparian health. Riparian 
vegetation: 

• Provides important habitat for local fauna and flora (both terrestrial and aquatic species) 

• Acts as a filter to minimise soil and nutrient runoff into waterways 

• Stabilises banks and reduces erosion 

• Maintains river courses. Increased flow from cleared land and unprotected riverbanks 
can cause rivers to change course and form new meanders and flood channels.61 

• Assists in stock management 

• Provides shelter for stock 

• Lowers the water table.61 
 

4.2.5 Willow Infestation 
Overall, willows (Salix spp.) were found to be rare in the catchment. They were absent from 
Limestone, Catherines and Oolong Creeks and rare along Chimney Creek and Jerrawa 
Creek (Map 13).60  
 
The exception was Flacknell Creek, which was assessed as having heavy infestations on one 
or both sides of the creek (Map 13). 
 
Impacts from willows include: 

• Increased erosion and flooding 

• Reduced quality and flow of water 

• Reduced water availability 

• Reduced habitat for fish, birds, frogs, insects, mammals and reptiles 

• Reduced access to streams for fishing and aquatic activities 

• Damage to nearby infrastructure.62 
 
There are two types of willows that have been introduced into Australia – those that can 
reproduce both from seed and vegetatively (examples include Basket Willow (Salix rubens), 
Black Willow (S. nigra), Purple Osier (S. purpurea), Golden Upright Willow (S. alba var 
vitellina) and Tortured Willow (S. matsudana)) and those that can only reproduce vegetatively 
(examples include Crack Willow (S. fragilis) and Weeping Willow (S. babylonica)).63  
 
Except for the Weeping Willow (S. babylonica) and two hybrid species of Pussy Willow (S. x 
calodendron and S. x reichardtii), all are listed as ‘Weeds of National Significance’, although 
some are more significant in terms of their environmental impact than others. For example, 
the potential for Basket Willow (Salix rubens), Black Willow (S. nigra), Purple Osier (S. 
purpurea) and Golden Upright Willow (S. alba var vitellina) to spread is very high. Seeds from 

                                    
60Massey, C. An Assessment of Riverine Environment Health in the Lachlan Catchment, NSW. Lachlan Catchment Management 
Committee, 1998. 
61 Price, P. and Lovett, S. Managing riparian land. Fact sheet 1. Land and Water Australia, Canberra, 2002. 
62Holland Clift, S. and Davies, J. Willows National Management Guide: current management and control options for willows (Salix spp.) 
in Australia. Victorian Department of Primary Industries, Geelong, 2007.  
63Gould, L. Lake Burley Griffin Willow Management Plan. Molonglo Catchment Group, 2006. 
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these species can be distributed by wind and water making the threat of invasion greater 
compared to those species that only reproduce vegetatively. Crack Willow can hybidise with 
seed producing species, producing viable seed that can spread within the catchment.63 Crack 
Willow are also very aggressive vegetative spreaders. 
 
To ascertain the threat from willows on the riparian environment within the Jerrawa Creek 
Catchment a survey is required to identify the willows and measure their current 
distribution. With the exception of Weeping Willow (S. babylonica), action should be 
undertaken to control willows from the catchment and revegetate the banks with native 
species. Consideration should be given to removing Weeping Willows once native riparian 
vegetation is established63or in riparian areas with high quality native vegetation. 
 
There are a range of options available for controlling willows. Specific information on 
control methods should be sought to ensure any action is appropriate to the site. 
 

4.2.6 Aquatic Vegetation Condition 
Aquatic vegetation is grouped into submerged rooted plants, free floating and emergent 
vegetation. The assessment of aquatic vegetation condition was based on the percentage 
cover of these vegetation types across the surface of the water body. 
 
The cover of aquatic vegetation ranged from very poor in Flacknell Creek, poor in 
Limestone Creek, Catherines Creek and the lower reaches of Jerrawa Creek, moderate in 
Chimney Creek and the rest of Jerrawa Creek, and good in Oolong Creek (Map 14).60 
 
The cover of aquatic vegetation is directly linked to the amount of water in the creek and 
will always be greater in permanent waterways. For example, Flacknell Creek is an 
ephemeral waterway and will only have aquatic vegetation during wet periods. 
 
Disturbances from stock trampling and grazing, a lack of physical stability associated with 
stream bank and gully erosion, instream salinity and sedimentation, pesticide contamination 
and foraging by carp can also affect aquatic plant growth.60, 64 
 

4.2.7 Aquatic Habitat Condition 
The assessment of aquatic habitat condition is based on the following variables: 

• The percentage cover of the stream bed by organic debris (snags, fallen tree limbs, 
leaves etc) 

• Other forms of habitat including rocks, gravel, boulders and vegetation 

• The cover of overhanging vegetation.  
 
Jerrawa Creek and Chimney Creek were assessed as having poor aquatic habitat condition 
(Map 15). This indicates a high level of disturbance with little or no habitat diversity.60  
 
Limestone, Catherines and Oolong Creeks were assessed as having moderate aquatic habitat 
condition (Map 15). This indicates increased levels of disturbance affecting habitat quality. 
The diversity of stream depths and substrates were reduced, organic debris (e.g. snags) was 
rare and the overhanging vegetation lacked diversity of form and structure.60 
 
Flacknell Creek was assessed as having good aquatic habitat condition.60 
 

 
 

                                    
60Massey, C. An Assessment of Riverine Environment Health in the Lachlan Catchment, NSW. Lachlan Catchment Management 
Committee, 1998. 
63Gould, L. Lake Burley Griffin Willow Management Plan. Molonglo Catchment Group, 2006. 
64Sainty, G.R. and Jacobs, S.W.L. Waterplants in Australia. Sainty and Associates Pty Ltd, Sydney, 1993. 
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4.2.8 Overall Condition 
The overall assessment examined the combined weighting of all the above attributes. 
 
Overall, Jerrawa Creek and Chimney Creek were rated as being in poor condition.  
Limestone, Catherines, Flacknell and Oolong Creeks were rated as being in moderate 
condition (Map 16).60 
 

 
An example of the landscape along Jerrawa Creek.60  
 

 
 

                                    
60Massey, C. An Assessment of Riverine Environment Health in the Lachlan Catchment, NSW. Lachlan Catchment Management 
Committee, 1998. 
61 Price, P. and Lovett, S. Managing riparian land. Fact sheet 1. Land and Water Australia, Canberra, 2002. 

Management options 
To improve the riparian health of creeks in the Jerrawa Creek Catchment it is 
recommended to: 

• Protect existing native riparian vegetation  

• Improve the diversity of native riparian vegetation by controlling exotic species 
(including willows) and revegetate with native species 

• Stabilise and revegetate degraded riparian areas. This is best done collaboratively with 
adjoining landholders 

• Control and manage stock access to riparian zones. Provide off-stream watering 
systems.61 
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4.3 Stream Bank and Gully Erosion 
The impacts from stream bank and gully erosion include: the loss of valuable topsoil; damage 
to roads, bridges and levee banks; invasion by noxious weeds once native vegetation is 
depleted and soil is exposed; and an overall reduction in riparian vegetation and the 
subsequent loss of recreational and environmental values.65, 66 
 
Stream bank and gully erosion also contribute to a decline in on farm and downstream water 
quality. Increased sediments from stream bank and gully erosion increases water turbidity, 
and can increase nutrient loads leading to outbreaks of blue green algae. This reduction in 
water quality affects local biodiversity and livestock production. 
 
Factors that contribute to stream bank and gully erosion include: 
• Clearing of native vegetation (including groundcover species) 
• Vehicle access to waterways 
• Rabbits reducing plant cover and slowing regeneration efforts by eating seedlings and 

weakening banks by burrowing 
• Fallen logs and other obstacles diverting water into the stream bank causing 

undercutting 
• Willows regenerating in-stream creating islands which divert water into the stream 

banks causing undercutting 
• Deepening of the stream bed, either through dredging or increased water velocity. This 

can result in a steeper stream bank angle which can cause the bank to collapse.66  
 
Within the catchment, 349km of the waterways are affected by stream bank or gully erosion 
(Table 8). Only minimal bank protection work has occurred. Only 5% of the sites assessed in 
the Upper Lachlan were fenced and revegetated with native vegetation.60 At all sites grazing 
was the dominant land use with stock having direct access to waterways. This has reduced 
the protective ground cover and impeded tree and shrub regeneration. Stock access had 
also destabilised the bank structure at many sites.60  
 
Table 8. Extent and severity of gully erosion and extent of stream bank erosion in the 
Jerrawa Creek Catchment18 
Erosion type and severity Extent in 

catchment 
Extreme gully erosion 66 km 
Severe gully erosion 65 km 
Moderate gully erosion  77 km 
Minor gully erosion  77 km 
Stream bank erosion  64 km 
Total 349 km 
 

                                    
18NSW Government Department of Environment and Climate Change. Jerrawa Creek Landcare Area GIS Spatial Data. NSW 
Government Department of Environment and Climate Change, 2008. 
60Massey, C. An Assessment of Riverine Environment Health in the Lachlan Catchment, NSW. Lachlan Catchment Management 
Committee, 1998. 
65NSW Government Department of Primary Industries. Soil Erosion Solutions. Fact Sheet 2: Gully erosion. NSW Government 
Department of Primary Industries, n.d. 
66Ziebell, D. Landcare Notes: Stream bank erosion. State of Victoria Government Department of Natural Resources and 
Environment, 2002. 
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Table 9. Description of stream bank and gully erosion 

 
 
1

                                    
20Gunn, C. The Landcare Field Guide. State of Victoria Government Department of Natural Resources and Environment, 
Melbourne, 1996. 
32Houghton, P.D., and Charman, P.E.V. Glossary of Terms used in Soil Conservation. NSW Soil Conservation Service, 1986. 
64Sainty, G.R. and Jacobs, S.W.L. Waterplants in Australia. Sainty and Associates Pty Ltd, Sydney, 1993. 
65NSW Government Department of Primary Industries. Soil Erosion Solutions. Fact Sheet 2: Gully erosion. NSW Government 
Department of Primary Industries, n.d. 
66Ziebell, D. Landcare Notes: Stream bank erosion. State of Victoria Government Department of Natural Resources and 
Environment, 2002. 

Stream bank erosion 
Stream bank erosion is the direct removal of soil from stream banks and beds by flowing 
water. It usually occurs under natural conditions, particularly during peak storm flows, as part 
of the on-going cycle of sediment erosion and deposition within the stream system.32, 66 

Increased run-off from cleared catchments, particularly after heavy rainfall events, has greatly 
accelerated this process resulting in high sediment loads in creeks and rivers.20, 66  
 
Stream bank erosion occurs when the stress applied by the increased stream velocity exceeds 
the resistance of the local soil material.20 As the sediment load increases, fast-flowing streams 
grind and excavate their banks lower in the landscape. As the stream becomes overloaded 
with sediment or water velocity is reduced, sediment is deposited downstream or in dams and 
reservoirs.66  
 
Stream bank erosion is exacerbated by the lack of riparian zone vegetation and by direct stock 
access to streams.66  
 
Gully erosion  
Gully erosion occurs when running water erodes soil to form channels deeper than 30cm.32 
Gullies are created when water runoff concentrates at a point, undermining vegetation and 
cutting a channel through the soil. Once the vegetation and topsoil are removed, gullies spread 
rapidly up and down drainage lines until there is insufficient runoff to continue the erosion.65  
 
Gully erosion occurs on most cleared soils, however the most vulnerable soils are poorly 
structured dispersive soils, where the soil structure disperses or collapses when wet. Tunnel 
erosion and slumping are often associated with active gully erosion where dispersive subsoils 
are exposed. Other vulnerable soils are those developed from granitic or sandstone rocks 

where there are low levels of ground cover in dry seasons.64  
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65NSW Government Department of Primary Industries. Soil Erosion Solutions. Fact Sheet 2: Gully erosion. NSW Government 
Department of Primary Industries, n.d. 
66Ziebell, D. Landcare Notes: Stream bank erosion. State of Victoria Government Department of Natural Resources and 
Environment, 2002. 
67Soil Conservation Service. Earthmovers Training Course. Soil Conservation Service, Chatswood, 1991. 

Jerrawa Creek Catchment Targets and Actions 
Riverine Health 
T7 By 2020 the condition of riverine ecosystems is improved along 50km of waterways 

within the Jerrawa Creek Catchment and surrounding area (priority streams being the 
Jerrawa Creek, Flacknell Creek, Catherines Creek, Oolong Creek and Limestone 
Creek). 

Management options 
Restricting stock access to waterways is essentail to protect stream frontages. Fencing 
waterways is recommended for bank protection, combined with well placed stock 
watering points. 
 
Remnant riparian vegetation should be protected. If revegetation work is necessary, then a 
diversity of indigenous plant species including grasses, sedges, shrubs and trees should be 
planted to maximise ground cover and increase local biodiversity.  
 
Species such as willows, elms and poplars can significantly alter the ecology and physical 
structure of the stream. Removing these species is important; however removal methods 
must ensure minimal soil disturbance.66 
 
For gully erosion, the solutions depend on whether the gully is active or stable. If stable it 
is often preferable to do nothing as disturbing dispersive soils can reactivate the gully and 
cause more erosion.65  
 
In an active gully, the gully head will be cutting into the drainage line above the gully, 
moving back up the slope. Active gullies also tend to have vertical sides. Once they 
stabilise, gully walls slump to a natural batter and grass cover.65 An active gully floor also 
lowers over time as more soil is scoured out. This can be monitored by regularly 
measuring the distance from the floor to the natural land level and comparing the 
measurements to check for floor movement.65  
 
If a gully is eroding due to surface water, excluding stock from the gully will encourage 
stabilisation and natural revegetation.65 In most cases this is all that is required.  However, 
in severe cases soil conservation works (such as water diversion banks, dams or flumes) 
may need to be considered.67 A trained professional should be approached to design, 
survey and construct soil conservation works. Poor construction can lead to erosion being 
intensified creating a bigger problem. 65, 67 
 

If the erosion is due to groundwater flow then revegetating the surrounding areas could 
assist in taking up some of the groundwater. If vegetation above the gully is sparse, fencing 
the area from stock is recommended to permit plant regeneration.  
 
Revegetating with deep rooted perennial grasses along the sides of gullies and ephemeral 
waterways that have the potential to become gullies is also recommended. Trees should 

be planted further away from the gully to take up groundwater.65  
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4.4 Groundwater and Surface Water Sustainability 
4.4.1 The Hydrological Cycle 
Groundwater and surface water form part of the earth’s hydrological cycle. The hydrologic 
cycle describes the constant movement of water above, on and below the earth’s surface. 
During the hydrological cycle water undergoes a continual change of state between liquid, 
solid and gas in four processes (evaporation and transpiration, precipitation (rain, hail, sleet 
or snow), infiltration and runoff) (Figure 9). Water infiltration and runoff are the processes 
that affect the quantity and quality of groundwater and surface water.68, 69 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. The hydrological cycle70 

 

4.4.2 Groundwater 
Groundwater is water that has seeped from the surface through layers of soil, porous sands 
and fractured rock, to be stored in underground spaces called aquifers.71, 72 Aquifers occur in 
geological formations which are sufficiently permeable to allow water to move within them 
and allow for water to be discharged or extracted.73  

 
The occurrence of groundwater is a function of the geology of a region. In general, there are 
three types of groundwater systems: unconfined sedimentary aquifers, confined aquifers, and 
fractured rock aquifers.72, 73 These are classified according to the physical storage properties 
of the host rocks.72, 73 
 

4.4.3 Surface Water 
Surface water is fresh water that is visible above ground in creeks, rivers, lakes and dams. 
There are three types: permanent (perennial), semi-permanent (ephemeral) and man made. 
  
Permanent surface waters are present throughout the year. They are usually in the form of 
large rivers, and groundwater fed springs and swamps. At times when there is little or no 
rain, the water level is maintained by the groundwater table. Ephemeral water bodies are 
those that only hold water for part of the year such as creeks and other tributaries of larger 
river systems. Surface water can also be held in human made structures such as river dams 
or rain catching dams. 
 

 

 

                                    
68Perkins, J. Groundwater in the Murrumbidgee: understanding your bore. Topic 3: Factsheet for rural landholders. Upper 
Murrumbidgee Catchment Coordinating Committee, Dickson, 2009. 
69Australian Government National Water Commission, Groundwater and aquifers. What is groundwater? Viewed 24th July 2009 
<http://www.nwc.gov.au/www/html/335-groundwater--aquifers.asp?intSiteID=1?> 
70Gabler, R.E., R.J. Sager, D.L. Wise, and J.F. Petersen. 1999. Essentials of Physical Geography. Saunders College Publishing.  
71NSW Department of Land and Water Conservation The NSW State Groundwater Policy Framework Document, NSW 
Department of Land and Water Conservation 1997 
72University of New South Wales, Connected Waters: Groundwater, viewed 24th July 2009 
<http://www.connectedwaters.unsw.edu.au/resources/students/students_groundwater.html> 
73Australian Government National Water Commission, Groundwater quality. Viewed 24th July 2009 < 
http://www.nwc.gov.au/www/html/300-groundwater-quality.asp?intSiteID=1> 
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4.4.4 Quantity and Quality of Groundwater and Surface Water 
Groundwater occurs throughout large areas of NSW. It’s volume is estimated to be 
approximately 5110 million megalitres, enough to cover the State to a depth of four metres 
and about 200 times the storage capacity of all the State’s water supply dams combined. 

However, the quality and distribution of groundwater varies considerably with less than five 
million megalitres being suitable or obtainable in NSW.73 
 
Groundwater has often been seen as a resource that can be drawn on when surface water is 
scarce. However, it is not an infinite resource and is directly connected to surface water 
resources. Care must be taken to ensure that both groundwater and surface water supplies 
are not used unsustainably.72 
 
The impacts of overusing groundwater include: 
• Lower water tables and reduced yield. In extreme cases bores, lakes, creeks and 

streams may dry up.71  
• Reduced flows into groundwater dependent ecosystems such as wetlands and some 

riparian vegetation communities.72  
• Water of poorer quality (often salty) can move into the aquifer.71 
• Reduced flow from groundwater in to local waterways (creeks and rivers).71 

 

All of these impacts will have adverse consequences for communities, agriculture, industry 
and the environment.72 Groundwater quantity and quality can also vary depending on 
recharge potential, vulnerability to pollution and its connection to surface waters and other 
ecosystems.72  
 
Groundwater is vulnerable to contamination from a range of activities, including urban and 
rural development, use of fertilisers and pesticides, leaking sewage pipes, septic tanks, tip 
sites, mining and seepage from contaminated lands.73 It is very important to maintain high 
quality groundwater systems. Groundwater provides a water supply to many rural 
communities and is often the only source of water available for drinking, industry and 
commerce, stock watering, and irrigation. Groundwater also discharges into surface water 
systems including wetlands. Wetlands are sensitive ecosystems and require the incoming 
waters to be of a very high quality.  
 
Remediation of polluted groundwater is very difficult. The slow rates of groundwater flow 
and low microbial activity limit any self-purification. It is also very expensive. It is therefore 
better to prevent or reduce the risk of groundwater contamination than to deal with its 
consequences.73 

 
Salinity can also affect groundwater quality. Salinity levels can range from that of rainwater to 
more than 10 times that of sea water. Irrigation, inappropriate disposal of wastewaters and 
land clearing can all increase groundwater salinity.73  
 
Surface water quality is discussed in section 4.1. Factors affecting surface water are turbidity, 
total phosphorus levels, pH, dissolved oxygen, temperature and electrical conductivity (the 
standard measure of salinity).16 
 
 
 
 

                                    
16Sticpewich, A. Upper Lachlan Regional Action Plan. Upper Lachlan Catchment Co-ordinating Committee Inc., 2000. 
71NSW Department of Land and Water Conservation The NSW State Groundwater Policy Framework Document, NSW 
Department of Land and Water Conservation 1997 
72University of New South Wales, Connected Waters: Groundwater, viewed 24th July 2009 
<http://www.connectedwaters.unsw.edu.au/resources/students/students_groundwater.html> 
73Australian Government National Water Commission, Groundwater quality. Viewed 24th July 2009 < 
http://www.nwc.gov.au/www/html/300-groundwater-quality.asp?intSiteID=1> 
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4.4.5 Water Quality and Water Use in the Jerrawa Creek Catchment 
Groundwater 
A summary of the current status of groundwater supply and quality for the Jerrawa Creek 
Catchment is as follows: 

• Sixty bores licensed for stock and domestic use are currently active in the Jerrawa 
Creek Catchment (Map 17) 

• There is minimal use of groundwater for irrigation 

• The groundwater levels in bores are about 10m below ground surface 

• Yields are generally around 0.5L/s with the highest yield of 3.5L/s 

• Salinity levels 1.5 – 3.0 decisiemens/metre (dS/m). This water is suitable for stock use 
and limited garden use; however it would affect plants that are salt sensitive. 

• At current usage rates the groundwater supply for the area is considered sustainable 

(Mitchell pers. comm. 2009). 
 

Dalton water supply 
Dalton is the major village in the Jerrawa Creek Catchment, and unlike some other towns in 
the Upper Lachlan Shire, relies on groundwater rather than river water. 
 
Dalton’s existing water supply system comprises a disinfected reticulated water scheme 
sourced from two groundwater bores. Drinking water quality has been of concern with the 
supply bore returning an iodine reading exceeding the guideline of 0.1mg/L by 0.18mg/L over 
four years to a maximum of 0.34mg/L. Readings for E.coli, high chloride, total dissolved solids 
and hardness have also been recorded. No E.coli has been recorded in recent years.  
 
A reverse osmosis treatment plant is planned for construction to increase the quality of 
Dalton’s water supply.74  
 

Surface water 
Drought has affected the quantity and quality of surface water available in the Upper Lachlan. 
In 2007 - 08 the catchment experienced one of the lowest inflow periods in history. As 
water availability has declined, water allocations within the Upper Lachlan Catchment have 
been adjusted. Priority is given to domestic and basic rights supplies, to core environmental 
needs and finally to irrigation and industry.  
 
Due to the drought and record low inflows, water allocations that were assigned in July 
2006 were suspended in October and November 2006. Domestic water restrictions are 
currently in place in the majority of towns within the catchment.75  
 
The Lachlan Catchment Water Sharing Plan remains suspended. In the absence of any 
significant inflows the water resource is managed under the Drought Contingency Plan 2003. 
This is updated regularly.  
 

The future 
While at current usage rates the groundwater supply for the area is considered sustainable, 
it remains essential that this precious resource is used prudently. Thoughtless and excessive 
use will have adverse affects on the sustainability and availability of water in the future. 
Surface water availability has already been reduced in light of the current drought.  
 
The predicted increase in the frequency and duration of drought as a result of climate 
change will further impact groundwater and surface water availability. Climate change is 

                                    
74Upper Lachlan Shire Council, Development Servicing Plan Water Supply Schemes Crookwell, Gunning, Taralga and Dalton. October 
2008. Upper Lachlan Shire Council, Crookwell, 2008. 
75 Office for the Commissioner for Sustainability and the Environment (2008) State of the Environment Report, Upper Lachlan 
Council Area, viewed 2nd May 2009, <http://www.envcomm.act.gov.au/soe/rsoe2008/upperlachlan/index.shtml>  
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expected to result in a decline in groundwater recharge and further reductions in runoff in 
many catchments.76  
 
Dry conditions are also likely to result in reduced ground cover, particularly on poorly 
managed agricultural land. The impacts of poor farm management such as reduced pasture 
productivity and soil compaction will further reduce groundwater recharge and reduced the 
quality of surface water runoff into local creeks and rivers.76 
 
New development will also see an increase in the construction of new dams, additional 
bores and a general increase in demand for water. This will place further pressure on water 
resources in the region. 
 

5. LIFE 
5.1 The Ageing Population  
The Upper Lachlan Shire has an ageing population. The 2006 Census shows that the majority 
of people living in the Shire were aged 45 - 64 years (30.2 %) and 25 – 44 years (23%) (Table 
10).  
 
The median age of Australia's population is projected to increase from 36.8 years in 2007 to 
between 38.7 - 40.7 years in 2026 and to between 41.9 - 45.2 years in 2056.77 
 
Table 10. Age group distributions for the Upper Lachlan Shire Council 200677 
Age 2006 
0 – 14 years 20% 
15 – 24 years 9.5% 
25 – 44 years 23% 
45 – 64 years 30.2% 

65 years and over 17.3% 
 
The proportion of the population in the Upper Lachlan Shire over the age of 65 is above the 
national average. In 2006 17.3% of the local population was over 65 years. This is compared 
to 13% nationally.77 Population projections for the Upper Lachlan Shire indicate that between 
2006 and 2016 there will be a 52% rise in the number of people over the age of 65 (Figure 
10).78 This rise is far greater and much faster than the 23 – 25% increase expected nationally 
by 2056.77 
 
This pattern of population change is common in small inland communities76 and can often be 
attributed to the growth of larger regional centres.78 

                                    
76Australian Government Department of Climate Change (2008) Adapting to Climate Change, viewed 2nd May 2009. 
<http://www.climatechange.gov.au/impacts/index.html 

77Australian Bureau of Statistics. Population Projections, Australia, 2006 to 2101, viewed 16 June 2009, 
<http://www.census.abs.gov.au/AUSSTATS/abs@.nsf/ProductsbyCatalogue/5A9C0859C5F50C30CA25718C0015182F?OpenDo
cument> 
78Greater Southern Health Service. Upper Lachlan Shire Community Profile: a profile of the communities within the Upper Lachlan 
Shire, incorporating demographic and health information. NSW Health, Sydney, 2006. 
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5.2 The Ageing Farmer 
As the number of older people in the region increase so does the age of the farmers. The 
average age of farmers increased nationally from 51 years of age in 2001 to 52 in 2006.79, 80 
However more importantly, the proportion of farmers older than 65 increased from 15% to 
18% and the proportion under 35 decreased from 12% to 10% over the same period.80  
 
A variety of factors affect family succession and inheritance of the farm business which may 
lead to farmers remaining on the farm for a longer. These factors include: the impact of 
assets and income tests on eligibility for pensions; the impact of government taxes; the 
financial pressure caused by escalating costs; the persistent drought; and the need to 
preserve the viability of the family business. 81 
 
An increase in farmer age is also a result of fewer younger people entering or remaining in 
agriculture. This is especially evident in districts close to large regional centres where 
greater education and employment opportunities are available.82 The National Farmers' 
Federation has reported this as a factor contributing to the deterioration of regional growth 
and the decline of regional populations.83  
 

 
 
 
 

                                    
77Australian Bureau of Statistics. Population Projections, Australia, 2006 to 2101, viewed 16 June 2009, 
<http://www.census.abs.gov.au/AUSSTATS/abs@.nsf/ProductsbyCatalogue/5A9C0859C5F50C30CA25718C0015182F?OpenDo
cument> 
79Foskey, R. Aging in Small Rural Communities. Changing families, challenging futures: proceedings of the 6th Australian Institute of Family 
Studies Conference, 25-27 November 1998, Australian Institute of Family Services, Melbourne, 1998. 
80Australian Bureau of Statistics. Agriculture in Focus: Farming Families, Australia, 2006, viewed 22 June 2009, 
http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/7104.0.55.001Main%20Features42006?opendocument&tabname=Summ
ary&prodno=7104.0.55.001&issue=2006&num=&view= 
81Barclay, E, Foskey, R & Reeve, I. Farm Succession and Inheritance – Comparing Australian and International Trends. Rural Industries 
Research and Development Corporation, Canberra, 2007. 
82Australian Government Department of the Environment, Water, Heritage and the Arts, Australian Natural Resources Atlas. 
Natural Resource Topics. People - Adjustment - Aging of the farmer population, viewed 10 June 2009. 
<http://www.anra.gov.au/topics/people/pubs/adjust-fact-sheet/farmer-aging.html>  
83National Farmers' Federation. 2008 Labour Shortage Action Plan, National Farmers' Federation, Canberra. Productivity 
Commission 2005, Trends in Australian Agriculture, Research Paper, Canberra, 2008. 
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Figure 10. Population age projections for the Upper Lachlan Shire Council 2006 – 201677 
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5.3 Community Health and Landcare 
The impact the current drought is having on the health and wellbeing of the local community 
was identified as one of the most pressing issues in the community.84 A prolonged drought 
affects all aspects of the community and leads to feelings of depression and despair.  
 
Stress and depression can lead to withdrawal from social and community activity as people 
cannot afford to be away from the farm nor spend money on social activities.83 As part of a 
plan to improve community wellbeing the Upper Lachlan Shire Council identified a need 
within the community to develop more opportunities for people to get together and talk 
about the drought and ways they can support each other.84 
 
Social connectedness is important for maintaining personal and community health. It 
contributes towards improving mental health, reduces anxiety and depression and can 
reduce the impacts of adverse life events. People with a high degree of social connectedness 
also experience less illness and live longer than those with poor social networks.78  
 
Anecdotal evidence also suggests that declining health and ageing can impede the ability of 
individuals to undertake works to improve the natural resources on their property. 
 
Community groups such as the Jerrawa Creek Landcare Group are important for facilitating 
social gatherings. Members of Landcare groups also have a common link to the land and are 
therefore better equipped to discuss issues that impact on farming life. Community groups 
are also important in increasing community capacity to undertake projects to improve the 
natural resources in an area. 
 

5.4 The Peri-urban Influence 
There is a general movement in Australia of more people taking up residences on acreage 
or establishing hobby farms in a bid to improve their lifestyle. The term ‘peri-urbanisation’ 
is used to describe this process of increasing population and associated infrastructure in 
the rural areas of Australia.85 
 
Impacts of peri-urbanisation include: 

• Changes to hydrological regimes with increased pressure on groundwater and surface 
water. More farm dams are being constructed for stock and domestic purposes.  

• Reduced environmental flows into the river system as well as a potential loss of riparian 
vegetation, introduction of exotic aquatic plant and animal species and reduced water 
quality 

• Increased loss of natural habitats and fragmentation of the landscape as a direct result of 
vegetation clearing for settlement. This will increase the threat to native fauna and flora 
in the region and place further pressure on species and communities already under 
threat. 

• Increased populations of pest animals 

• Increased weed infestation  

• Potential loss of scenic amenity as a result of increased fragmentation of the landscape 
from subdivision and urban related development 

• Reduced landscape management capacity - urban newcomers may not have the time nor 
the knowledge, skills, or resources to devote to landscape management 

• A possible reduction in the “sense of community”.85 
 

                                    
78Greater Southern Health Service. Upper Lachlan Shire Community Profile: a profile of the communities within the Upper Lachlan 
Shire, incorporating demographic and health information. NSW Health, Sydney, 2006. 
83National Farmers' Federation. 2008 Labour Shortage Action Plan, National Farmers' Federation, Canberra. Productivity 
Commission 2005, Trends in Australian Agriculture, Research Paper, Canberra, 2008. 
84Upper Lachlan Shire Council, Upper Lachlan Shire Council Social and Community Plan 2007 – 2012, Upper Lachlan Shire Council, 
2006 
85Land and Water Australia, Change and Continuity in Peri-urban Australia: Research project number RMI 13 of the Social and 
Institutional Research Program of Land & Water Australia. Land and Water Australia, Canberra, 2008. 
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Advantages of peri-urbanisation include: 
� Increasing population growth, tourist and industry development 
� The emergence of new local and regional economies 
� Increased land values 
� New opportunities for farmers to sell up and exit agriculture 

• Breakdown of traditional rural stereotypes  
� More support for nature conservation and environmental protection 
� More people to undertake land management activities 
� Increased employment opportunities  
� Strengthened rural communities.86  
 
The population growth rate in the Upper Lachlan Shire is low and is expected to remain 
unchanged over the next 15-20 years (Table 11).84 It is therefore unlikely that there will be 
any increased pressure on the region’s natural resources as a result of peri-urbanisation. 
 
Table 11. Population forecasts for the Upper Lachlan Shire 2011 – 202686 

Year Forecast 
Population * 

2011 7415 
2016 7420 
2021 7422 
2026 7410 

* These figures are likely to be revised down by 350 – 400 people when they are next 
updated (next update due in 2009 by Planning NSW) as they were based on an expected 
population of 7417 for the region in 2006. The 2006 census counted 7053.  
 

Absentee landholders  
In addition to increased peri-urbanisation, it is possible that there may be increased 
numbers of absentee landholders. Unlike peri-urban landholders, absentee landholders live 
off land and time spent on the property varies considerably depending on land use and 
their other commitments. 
 
The main issue with properties managed by absentee landholders is the overall lack of time 
available to manage their natural resources. This can lead to increased weed cover and 
increase feral animal populations, increased incidence of soil erosion, lack of boundary 
fence maintenance, increased fuel load and associated increases in bushfire hazard, and 
poor stock management. 
 

 
 

                                    
84Upper Lachlan Shire Council, Upper Lachlan Shire Council Social and Community Plan 2007 – 2012, Upper Lachlan Shire Council, 
2006 
86Strategic Economic Solutions Pty Ltd. Upper Lachlan Shire Council Economic Development Plan and Strategy. Final Report. Strategic 
Economic Solutions Pty Ltd, Canberra, 2007.  

Management options 
Community groups such as the Jerrawa Creek Landcare Group are important for increasing 
the capacity of peri-urban and absentee landholders to maintain and improve the natural 
resources on their property. Landcare groups can act as catalysts for knowledge exchange 
and the dissemination of information on issues that are relevant to a region.  
 
Peri-urban and absentee landholders often live on and/or own rural land for lifestyle rather 
than financial reasons, and can therefore have different needs and values to those of 
traditional farmers. Landcare groups need to consider the needs and interests of both peri-
urban/absentee landholders and the traditional farmers when planning events to increase 
community capacity. Consideration must also be given to the timing of events, with absentee 
landholders most commonly on their rural property over the weekend. 



 

 53 

References 
1NSW Government Department of Environment and Climate Change, South Eastern 
Highlands – regional history, viewed 20 February 2009, 
<http://www.environment.nsw.gov.au/bioregions/SouthEasternHighlands-History.htm> 

 
2Upper Lachlan Shire Council, A Snapshot of Gunning’s History, viewed 20 February 2009, 
<http://upperlachlan.local-e.nsw.gov.au/about/1273/1399.html> 
 
3Australian Government Department of the Environment, Water, Heritage and the Arts, 
EPBC Act Protected Matters Report, viewed 2 February 2009, 
<http://www.environment.gov.au/cgi-bin/erin/ert/epbc/epbc_report.pl>  

 
4Australian Bureau of Statistics. 2006 Census Tables : Upper Lachlan (A) (Local Government 
Area) 20680-Age by Sex - Upper Lachlan (A), viewed 10 March 2009, 
<http://www.censusdata.abs.gov.au/ABSNavigation/prenav/TopicList?newmethod=Place+of+
Usual+Residence&newtopic=Age+%26+Population+Distribution&newproductlabel=Age+%2
8full+classification+list%29+by+Sex+&submitbutton=View+Census+Table+%3E&collection=
Census&period=2006&areacode=LGA17640&geography=&method=Place+of+Usual+Reside
nce&productlabel=&producttype=Census+Tables&topic=Age+%26+Population+Distribution
&navmapdisplayed=true&javascript=true&breadcrumb=LPT&topholder=0&leftholder=0&cur
rentaction=301&action=401&textversion=false> 
 
5Australian Bureau of Statistics. 2006 Census Tables : Upper Lachlan (A) (Local Government 
Area) Industry of Employment by Age by Sex - Upper Lachlan (A),viewed 10 March 2009, 
http://www.censusdata.abs.gov.au/ABSNavigation/prenav/ViewData?action=404&documentpr
oductno=LGA17640&documenttype=Details&order=1&tabname=Details&areacode=LGA17
640&issue=2006&producttype=Census%20Tables&javascript=true&textversion=false&navma
pdisplayed=true&breadcrumb=LPTD&&collection=Census&period=2006&productlabel=Indu
stry%20of%20Employment%20by%20Age%20by%20Sex&producttype=Census%20Tables&me
thod=Place%20of%20Usual%20Residence&topic=Employment%20by%20Industry&> 
 
6Economic, Labour Market and Education Analysis Branch Research Analysis and Evaluation 
Group. Small Area Labour Markets Australia. December Quarter 2008. Australian Government 
Department of Education, Employment and Workplace Relations, Canberra, 2008. 
 
7Australian Bureau of Statistics. Labour Force, Australia, December 2008, viewed 10 March 
2009, <http://www.abs.gov.au/ausstats/abs@.nsf/mf/6202.0> 
 
8Australian Bureau of Statistics. Population Projections, Australia, 2006 to 2101, viewed 16 June 
2009, 
<http://www.census.abs.gov.au/AUSSTATS/abs@.nsf/ProductsbyCatalogue/5A9C0859C5F50
C30CA25718C0015182F?OpenDocument> 
 
9Upper Lachlan Shire Council. About Upper Lachlan Shire, viewed 7 May 2009, 
<http://upperlachlan.local-e.nsw.gov.au/about.html> 
 
10 Upper Lachlan Shire Council. Upper Lachlan Planning and Development, viewed 7 May 
2009, <http://upperlachlan.local-e.nsw.gov.au/> 
 
11Australian Government Bureau of Meteorology. Climate Statistics for Australian Locations, 
viewed 4 April 2009, <http://www.bom.gov.au/climate/averages/tables/cw_070091.shtml> 
 
12Australian Government Department of Climate Change, Adapting to Climate Change, viewed 
2nd May 2009, <http://www.climatechange.gov.au/impacts/index.html> 
 



 

 54 

13Australian Bureau of Agriculture and Resource Economics AgSurg Farm Survey Data, viewed 
21 March 2009. <http://www.abare.gov.au/ame/agsurf/agsurf.asp>  
 
14NSW Department of Primary Industries, Goulburn Geological Mapping Project, viewed 22 
May 2009, <http://www.dpi.nsw.gov.au/minerals/geological/about/mapping/goulburn-
geological-mapping-project#Geology> 

 
15Langford, R., Jenkins, J., Elliot, L. And Hilhorst, D. Boorowa Catchment Action Plan. Boorowa 
Regional Catchment Committee, 2005. 
 
16Sticpewich, A. Upper Lachlan Regional Action Plan. Upper Lachlan Catchment Co-ordinating 
Committee Inc., 2000. 
 
17Hird, C. Soil Landscapes of the Goulburn 1:250 000 Sheet. Soil Conservation Service of NSW, 
Sydney, 1991. 
 
18NSW Government Department of Environment and Climate Change. Jerrawa Creek 
Landcare Area GIS Spatial Data. NSW Government Department of Environment and Climate 
Change, 2008. 
 
19Cox, J. and Reid, G. Soil Biology Basics: profitable & sustainable primary industries. How to 
encourage soil organisms. NSW Department of Primary Industries, Sydney,2005. 
 
20Gunn, C. The Landcare Field Guide. State of Victoria Government Department of Natural 
Resources and Environment, Melbourne, 1996. 
 
21Rengasamy, P. and Walters, Technical note 1: Introduction to soil sodicity. Co-operative 
Research Centre for Soil and Land Management, Adelaide, n.d. 
 
22Schwenke, G. and Jenkins, A. Soil Biology Basics: profitable & sustainable primary industries. 
How to build organic matter in your soil. NSW Department of Primary Industries, 2005. 
 
23Sullivan, P. Sustainable Soil Management: soil system guide. National Sustainable Agriculture 
Information Service, 2004. 
 
24Harding, J. Living with Drought: For small rural blocks in the Upper Murrumbidgee. Topic 2: Fact 
sheet for rural landholders. Upper Murrumbidgee Catchment Coordinating Committee, n.d. 
 
25NSW Government Department of Environment and Climate Change. New South Wales 
State of the Environment 2006, viewed 24 March 2009, 
<http://www.environment.nsw.gov.au/soe/soe2006/chapter4/chp_4.4.htm> 
 
26Langford, C.M., Simpson, P.C., Garden, D.L., Eddy, D.A., Keys, M.J., Rehwinkel, R. and 
Johnston, W.H. Managing Native Pastures for Agriculture and Conservation. NSW Department 
of Primary Industries, 2004. 

 
27Hartwell, D. Land Management Facts for the Upper Lachlan Catchment. Upper Lachlan 
Catchment Land Management Advisory Services, 1998. 
 
28Duncan, M. Acid Soil Action Program, Leaflet No.6. Pastures and Acid Soils. NSW Agriculture, 
Armidale, 1999. 
 
29Scott B.J., Braysher B.D., Duff C., Hufton L., Schuman W. and Conyers M.K. Soil acidity in the 
high rainfall belt of Southern New South Wales. The Australian Society of Agronomy 
Conference, 2001. 
 



 

 55 

30ACT Commissioner for the State of the Environment, State of the Environment Report 
Australian Capital Region 2004, viewed 8 June 2009, 
<http://www.envcomm.act.gov.au/soe/soe2004/UpperLachlan/catchmentquality.htm> 
 
31NSW Government Department of Primary Industries. Soil Erosion Solutions. Fact Sheet 1: 
Types of erosion. NSW Government Department of Primary Industries, n.d.  
 
32Houghton, P.D., and Charman, P.E.V. Glossary of Terms used in Soil Conservation. NSW Soil 
Conservation Service, 1986. 
 
33Anderson, J., Britten, R. and Francis, J. Dryland Salinity. 1: The causes. Salt Action, 1993. 
 
34Rančić, A., Salas G., Kathuria, A. Acworth, I. Johnston, W., Smithson, A. and Beale, G. 
Climatic influence on shallow fractured-rock groundwater systems in the Murray–Darling Basin, 
NSW. NSW Department of Environment and Climate Change, Sydney South, 2009. 

 
35National Dryland Salinity Program. Assessing the Causes, Impacts, Costs and Management of 
Dryland Salinity. Occasional Paper No 20/98. Revision Number One. Land and Water Australia, 
1998. 
 
36Powell, N., Gourlay, R. and Williams, B. Report on the Jerrawa Creek Catchment planning 
stage 2. Environmental Research and Information Consortium (ERIC), Canberra, 1998. 
 

37Francis, J. and Sonter, B. Dryland Salinity. 8: Options for control. Salt Action, 1994. 
 

38Gould, L. Planting Companion: a guide to native revegetation in the ACT region. ACT Forests, 
Department of Urban Services, ACT Government, 2005. 
 
39Francis, J. and Marcar, N. Dryland Salinity. 4: Productive use of salt affected land. Salt Action, 
1993. 
 

40Simpson, P. Productivity of Native Grass-based Pastures on the Tablelands. Agnote Reg 4/68. 
NSW Agriculture, 1994 
 
41Hall, R. & Hazell, D. Study Results: maintenance of biodiversity in native pastures. What are the 
benefits for primary producers and grassy ecosystems on the Southern Tablelands? Southern 
Rivers Catchment Management Authority, n.d. 
 
42Land and Water Australia Land, Water & Wool: Productive native pastures in the high and 
medium rainfall zones. Land and Water Australia, Canberra, 2005. 
 
43Anderson, F. Effects of time controlled grazing and set stocking on soil and pasture: Southern and 
Central Tablelands, NSW (honours thesis). Australian National University, Canberra, 2005. 
 
44Reid, N. Biodiversity and Wool Production – answers to the 10 big issues. Land, Water and Wool 
Northern Tablelands Northern Tablelands Project Fact Sheet 9. A technical guide. Land and Water 
Australia, Canberra, 2006. 
 
45Holistic Management International Australia, What is Holistic Management, viewed 15 
August 2009, 
http://holisticmanagement.org.au/web/index.php?option=com_content&view=frontpage&Item
id=1 
 
46Land, Water & Wool Project, Native Vegetation and Biodiversity Fact Sheets, Case Study: Wool 
production & biodiversity working together for Tim & Karen Wright, Land and Water Australia 
and Australian Wool Innovation Limited, n.d. 
 



 

 56 

47Keith, D. Ocean Shores to Desert Dunes: the Native Vegetation of the New South Wales and the 
ACT. NSW Department of Environment and Conservation, 2004. 
 
48Fallding, M. Planning Framework for Natural Ecosystems on the ACT and NSW Southern 
Tablelands. Natural Heritage Trust, NSW National Parks and Wildlife Service and Land & 
Environment Planning, Hurstville, 2002. 
 
49NSW National Parks and Wildlife Service. Mundoonen Nature Reserve Plan of Management. 
NSW Department of Environment and Conservation, 2005. 
 
50NSW Department of Environment and Climate Change. Threatened species: species, 
populations and ecological communities of NSW, Viewed 3 March 2009, 
<http://www.threatenedspecies.environment.nsw.gov.au/tsprofile/cma_subregion_list.aspx?id
=682> 
 

51Upper Lachlan Shire Council, Upper Lachlan Shire Council Management Plan for the 
Enforcement of Class 4 Noxious Weeds under the Noxious Weeds Act 1993. Upper Lachlan Shire 
Council, Crookwell, 2009. 
 

52Humpheries, S.E., Groves, R.H. and Mitchell, D.S. ‘Plant invasions of Australian ecosystems: 
a status review and management directions’. Kowari vol. 2, 1991, pp. 1 – 134.  
 

53 CRC for Weed Management Systems Weeds of National Significance Weed Management 
Guide: Serrated Tussock Nasella trichotoma, 2003.  
 

54 Molonglo Catchment Group Weed Fact Sheet Serrated Tussock (Nassella trichotoma), n.d.  
 

55R Osmond, M Veebeek, D A McLaren, M Michelmore, B Wicks, C J Grech & P Fullerton 
Serrated tussock - National best practice manual. Victorian Government Department of Primary 
Industries, Melbourne, 2008.  
 
56R Jones, G Saunders & S Balogh, Outfox the Fox NSW Department of Primary Industries, 
Sydney, 2006.  
 

57G Saunders and L McLeod, Improving Fox Management Strategies in Australia NSW 
Department of Primary Industries and Australian Government Department of Agriculture, 
Fisheries and Forestry, Canberra 2007.  
 

58 Invasive Animals CRC, The Fox: Australia’s worst predator, n.d.  
 
59Australia Government Department of Environment, Water, Heritage and the Arts, 
Waterwatch Australia National Technical Manual, viewed 21 June 2009. 
<http://www.waterwatch.org.au/publications/module4/electrical.html> 
 
60Massey, C. An Assessment of Riverine Environment Health in the Lachlan Catchment, NSW. 
Lachlan Catchment Management Committee, 1998. 
 
61Price, P. and Lovett, S. Managing riparian land. Fact sheet 1. Land and Water Australia, 
Canberra, 2002. 
 
62Holland Clift, S. and Davies, J. Willows National Management Guide: current management and 
control options for willows (Salix spp.) in Australia. Victorian Department of Primary Industries, 
Geelong, 2007. 
 
63Gould, L. Lake Burley Griffin Willow Management Plan. Molonglo Catchment Group, 2006. 
 



 

 57 

64Sainty, G.R. and Jacobs, S.W.L. Waterplants in Australia. Sainty and Associates Pty Ltd, 
Sydney, 1993. 
 
65NSW Government Department of Primary Industries. Soil Erosion Solutions. Fact Sheet 2: 
Gully erosion. NSW Government Department of Primary Industries, n.d. 
 
66Ziebell, D. Landcare Notes: Stream bank erosion. State of Victoria Government Department 
of Natural Resources and Environment, 2002. 
 
67Soil Conservation Service. Earthmovers Training Course. Soil Conservation Service, 
Chatswood, 1991. 
 
68Perkins, J. Groundwater in the Murrumbidgee: understanding your bore. Topic 3: Factsheet for 
rural landholders. Upper Murrumbidgee Catchment Coordinating Committee, Dickson, 2009. 
 
69Australian Government National Water Commission, Groundwater and aquifers. What is 
groundwater? Viewed 24th July 2009 <http://www.nwc.gov.au/www/html/335-groundwater--
aquifers.asp?intSiteID=1?> 
 
70Gabler, R.E., R.J. Sager, D.L. Wise, and J.F. Petersen. 1999. Essentials of Physical Geography. 
Saunders College Publishing.  
 
71NSW Department of Land and Water Conservation The NSW State Groundwater Policy 
Framework Document, NSW Department of Land and Water Conservation 1997 
 
72University of New South Wales, Connected Waters: Groundwater, viewed 24th July 2009 
<http://www.connectedwaters.unsw.edu.au/resources/students/students_groundwater.html> 
 

73Australian Government National Water Commission, Groundwater quality. Viewed 24th July 
2009 < http://www.nwc.gov.au/www/html/300-groundwater-quality.asp?intSiteID=1> 
 
74Upper Lachlan Shire Council, Development Servicing Plan Water Supply Schemes Crookwell, 
Gunning, Taralga and Dalton. October 2008. Upper Lachlan Shire Council, Crookwell, 2008. 
 
75Office for the Commissioner for Sustainability and the Environment (2008) State of the 
Environment Report, Upper Lachlan Council Area, viewed 2nd May 2009, 
<http://www.envcomm.act.gov.au/soe/rsoe2008/upperlachlan/index.shtml>  
 
76Australian Government Department of Climate Change (2008) Adapting to Climate Change, 
viewed 2nd May 2009. <http://www.climatechange.gov.au/impacts/index.html> 
 
77Australian Bureau of Statistics. Population Projections, Australia, 2006 to 2101, viewed 16 June 
2009, 
<http://www.census.abs.gov.au/AUSSTATS/abs@.nsf/ProductsbyCatalogue/5A9C0859C5F50
C30CA25718C0015182F?OpenDocument> 
 
78Greater Southern Health Service. Upper Lachlan Shire Community Profile: a profile of the 
communities within the Upper Lachlan Shire, incorporating demographic and health information. 
NSW Health, Sydney, 2006. 
 
79Foskey, R. Aging in Small Rural Communities. Changing families, challenging futures: proceedings 
of the 6th Australian Institute of Family Studies Conference, 25-27 November 1998, Australian 
Institute of Family Services, Melbourne, 1998. 
 
80Australian Bureau of Statistics. Agriculture in Focus: Farming Families, Australia, 2006, viewed 
22 June 2009, 
<http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/7104.0.55.001Main%20Features42



 

 58 

006?opendocument&tabname=Summary&prodno=7104.0.55.001&issue=2006&num=&view=
> 
 

81Barclay, E, Foskey, R & Reeve, I. Farm Succession and Inheritance – Comparing Australian and 
International Trends. Rural Industries Research and Development Corporation, Canberra, 
2007. 
 
82Australian Government Department of the Environment, Water, Heritage and the Arts, 
Australian Natural Resources Atlas. Natural Resource Topics. People - Adjustment - Aging of the 
farmer population, viewed 10 June 2009. <http://www.anra.gov.au/topics/people/pubs/adjust-
fact-sheet/farmer-aging.html>  
 
83National Farmers' Federation. 2008 Labour Shortage Action Plan, National Farmers' 
Federation, Canberra. Productivity Commission 2005, Trends in Australian Agriculture, 
Research Paper, Canberra, 2008. 
 
84Upper Lachlan Shire Council, Upper Lachlan Shire Council Social and Community Plan 2007 – 
2012, Upper Lachlan Shire Council, 2006 
 
85Land and Water Australia, Change and Continuity in Peri-urban Australia: Research project 
number RMI 13 of the Social and Institutional Research Program of Land & Water Australia. Land 
and Water Australia, Canberra, 2008. 
 
86Strategic Economic Solutions Pty Ltd. Upper Lachlan Shire Council Economic Development Plan 
and Strategy. Final Report. Strategic Economic Solutions Pty Ltd, Canberra, 2007. 

 
 
 



 

 59 

Appendix 1: Land Capability Classes16 
Land use Class Management options 

I 
Wide variety of uses - vegetables and fruit production, grain 
crops, energy crops and fodders. No special soil conservation 
works or practices necessary. 

II 
Soil conservation practices such as strip cropping, conservation 
tillage and adequate crop rotation. 

Suitable for 
regular 
cultivation 

III 
Structural soil conservation works such as graded banks and 
waterways are necessary, together with soil conservation 
practices as in Class II 

IV 

Occasional cultivation, better grazing land. Soil conservation 
practices such as pasture improvement, stock control, 
application of fertiliser and minimal cultivation for the 
establishment or re-establishment of permanent pasture, 
maintenance of good ground cover. 

Suitable for 
grazing and 
occasional 
cultivation 

V 
Similar to Class IV, structural soil conservation works such as 
diversion banks and contour ripping, together with the practices 
in Class IV, like the maintenance of good ground cover. 

Grazing VI 

Not capable of cultivation, less productive grazing and can have 
saline areas. Soil conservation practices including limitation of 
stock, broadcasting of seed and fertiliser, promotion of native 
pasture regeneration, prevention of fire and destruction of 
vermin. This may require some structural works and 
maintenance of good ground cover. 

VII 
Land best protected by trees. Very important habitat areas for 
protecting biodiversity. Timber production or honey is possible. 

Unsuitable 
for 

agriculture VIII 
Cliffs, lakes or swamps or other lands where it is impractical to 
grow agricultural produce or timber. 

 
 

                                    
16Sticpewich, A. Upper Lachlan Regional Action Plan. Upper Lachlan Catchment Co-ordinating Committee Inc., 2000. 
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Appendix 2: Threatened Flora3, 50  
Scientific Name Common Name Conservation Status 

National listing / NSW listing 
n.l. = not listed 

Ammobium craspedioides  Yass Daisy Vulnerable / Vulnerable  

Leucochrysum albicans var. tricolor Hoary Sunray Vulnerable / n.l. 

Swainsona sericea Silky Swainson-pea n.s. / Vulnerable 

Rutidosis leptorrhynchoides  Button Wrinklewort Endangered / n.l. 

                                    
3Australian Government Department of the Environment, Water, Heritage and the Arts, EPBC Act Protected Matters Report, viewed 2 February 
2009, <http://www.environment.gov.au/cgi-bin/erin/ert/epbc/epbc_report.pl>  
50NSW Department of Environment and Climate Change. Threatened species: species, populations and ecological communities of NSW, Viewed 3 
March 2009, <http://www.threatenedspecies.environment.nsw.gov.au/tsprofile/cma_subregion_list.aspx?id=682> 
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Appendix 3: Threatened Fauna3, 50  
Scientific Name Common Name Conservation Status 

National listing / 
NSW listing n.l. = 
not listed 

Description of occurrence 

Birds 

Australasian Bittern Botaurus poiciloptilus n.l. / Vulnerable 
Species or species habitat may occur 
within area. 

Australian Painted Snipe Rostratula australis  Vulnerable / n.l. 
Species or species habitat may occur 
within area. 

Black-chinned Honeyeater (eastern subspecies) Melithreptus gularis n.l. / Vulnerable 
Species or species habitat may occur 
within area. 

Brown Treecreeper (eastern subspecies) Climacteris picumnus victoriae n.l / Vulnerable 
Recorded in the region. Requires large 
remnants of native vegetation. 

Crested Shrike-tit Falcunculus frontatus 
Considered to be 
declining 

Recorded in the region. 

Diamond Firetail Stagonopleura guttata n.l. / Vulnerable 
Recorded in the region. Inhabits 
grasslands and Box Gum woodlands. 

Dusky Woodswallow Artamus cyanopterus 
Considered to be 
declining 

Recorded in the region. 

Eastern Yellow Robin Eopsaltria australis 
Considered to be 
declining 

Recorded in the region. 

Gang-gang Cockatoo Callocephalon fimbriatum n.l. / Vulnerable 
Species or species habitat may occur 
within area. 

Grey-crowned Babbler (eastern subspecies) 
Pomatostomus temporalis 
temporalis 

n.l. / Vulnerable Inhabits Box Gum woodlands. 

Hooded Robin (south-eastern form) Melanodryas cucullata cucullata n.l. / Vulnerable 
Recorded in the region. Inhabits 
grasslands and woodlands. 

Magpie Goose Anseranas semipalmata n.l. / Vulnerable Species or species habitat may occur 

                                    
3Australian Government Department of the Environment, Water, Heritage and the Arts, EPBC Act Protected Matters Report, viewed 2 February 2009, <http://www.environment.gov.au/cgi-
bin/erin/ert/epbc/epbc_report.pl>  
50NSW Department of Environment and Climate Change. Threatened species: species, populations and ecological communities of NSW, Viewed 3 March 2009, 
<http://www.threatenedspecies.environment.nsw.gov.au/tsprofile/cma_subregion_list.aspx?id=682> 
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within area. 

Painted Honeyeater Grantiella picta n.l. / Vulnerable Feeds on Mistletoe species. 

Painted Snipe Rostratula benghalensis n.l. / Endangered 
Species or species habitat may occur 
within area. 

Red-capped Robin Petroica goodenovii 
Considered to be 
declining 

Recorded in the region. 

Regent Honeyeater Xanthomyza phrygia  Endangered / n.l. Inhabits Box – Ironbark woodlands. 

Rufous Whistler Pachycephala rufiventris 
Considered to be 
declining 

Recorded in the region. 

Southern Whiteface Aphelocephala leucopsis 
Considered to be 
declining 

Recorded in the region. 

Speckled Warbler  Pyrrholaemus saggitatus n.l. / Vulnerable 
Recorded in the region. Species or 
species habitat may occur within area. 

Square-tailed Kite  Lophoictinia isura n.l. / Vulnerable 
Species or species habitat may occur 
within area. 

Superb Parrot Polytelis swainsonii  Vulnerable / n.l. 
Recorded in the region. Breeding likely 
to occur within area. 

Swift Parrot Lathamus discolor  
Endangered / 
Vulnerable 

Autumn / winter visitor. Feeds on 
Whitebox and Red Ironbark. 

Turquoise Parrot  Neophema pulchella n.l. / Vulnerable 
Species or species habitat may occur 
within area. 

Varied Sittella Daphoenositta chrysoptera 
Considered to be 
declining 

Recorded in the region. 

Frogs 

Booroolong Frog Litoria booroolongensis  Endangered / n.l. 
Species or species habitat may occur 
within area. 

Yellow-spotted Tree Frog, Yellow-spotted Bell Frog Litoria castanea  Endangered/ n.l.  
Species or species habitat likely to 
occur within area. 

Insects 

Golden Sun Moth  Synemon plana 
Endangered / 
Endangered 

Recorded in Travelling Stock Reserves. 
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Mammals 

Eastern Bentwing-bat 
Miniopterus schreibersii 
oceanensis 

n.l. / Vulnerable 
Species or species habitat may occur 
within area. 

Eastern Pygmy-possum Cercartetus nanus n.l. / Vulnerable 
Species or species habitat may occur 
within area. 

Greater Broad-nosed Bat Scoteanax rueppellii n.l. / Vulnerable 
Species or species habitat may occur 
within area. 

Koala Phascolarctos cinereus n.l. / Vulnerable Small population in Mundoonen N.R. 

Spotted-tail Quoll, Tiger Quoll (southeastern 
mainland population) 

Dasyurus maculatus maculatus 
(SE mainland population) 

Critically Endangered / 
Vulnerable 

Species or species habitat may occur 
within area. 

Squirrel Glider 
Petaurus norfolcensis 
 

n.l. / Vulnerable 
Species or species habitat may occur 
within area. 

Fish 

Murray Cod, Cod, Goodoo Maccullochella peelii peelii Endangered / n.l. 
Species or species habitat may occur 
within area. 

Macquarie Perch Macquaria australasica  Vulnerable / n.l. 
Species or species habitat may occur 
within area. 

Reptiles 

Pink-tailed Worm-lizard Aprasia parapulchella  Endangered / n.l. 
Species or species habitat likely to 
occur within area. 

Rosenberg's Goanna Varanus rosenbergi n.l. / Vulnerable 
Species or species habitat may occur 
within area. 

Striped Legless Lizard Delma impar  Vulnerable / n.l. 
Species or species habitat likely to 
occur within area. 
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Appendix 4: Birdwatch Survey Results 
Common Name Scientific Name Reporting Rate 

(%) in 
revegetation 

sites 

Reporting Rate 
(%) in remnant 

native 
vegetation sites 

Australasian Pipit Anthus novaeseelandiae 4  

Australian Hobby Falco longipennis 3  

Australian Magpie Gymnorhina tibicen 48 40 

Australian Raven Corvus coronoides 7 10 

Australian Wood Duck Chenonetta jubata 1  

Black-faced Cuckoo-
shrike 

Coracina novaehollandiae 3 30 

Black-shouldered Kite Elanus axillaris 3  

Brown Falcon Falco berigora 1  

Brown Thornbill Acanthiza pusilla 51 20 

Brown Treecreeper Climacteris picumnus  20 

Brown-headed 
Honeyeater 

Melithreptus brevirostris  30 

Buff-rumped Thornbill Acanthiza reguloies 10 60 

Collared Sparrowhawk Accipiter cirrhocephalus 3 10 

Common Blackbird Turdus merula* 7  

Common Bronzewing Phspd chalcoptera 13  

Common Starling Sturnus vulgaris* 16  

Crested Pigeon Geophaps lophotes 4 10 

Crested Shrike-tit Falcunculus frontatus 4 10 

Crimson Rosella Platycercus elegans 70 90 

Diamond Firetail Stagonopleura guttata 13  

Double-barred Finch Taeniopygia bichenovii 13  

Dusky Woodswallow Artamus cyanopterus 3  

Eastern Rosella Platycercus eximius 10 30 

Eastern Spinebill Acanthorhynchus 
tenuirostris 

12  

Eastern Yellow Robin Eopsaltria australis 13 20 

European Goldfinch Carduelis carduelis* 20  

Galah Cacatua roseicapilla 1 20 

Golden Whistler Pachycaphala pectoralis 22 30 

Grey Butcherbird Cracticus torquatus 1  

Grey Currawong Strepera versicolor 1  

Grey Fantail Rhipidura fuliginosa 41 40 

Grey Shrike-thrush Colluricincla harmonica 43 20 

Hooded Robin Melanodryas cucullata 3  

Horsfield's Bronze-
Cuckoo 

Chrysococcyx basalis 7  

House Sparrow Passer domesticus* 1  

Laughing Kookaburra Dacelo novaeguineae  10 

Leaden Flycatcher Myiagra rubecula  30 

Little Raven Corvus mellori 1  
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Common Name Scientific Name Reporting Rate 
(%) in 

revegetation 
sites 

Reporting Rate 
(%) in remnant 

native 
vegetation sites 

Magpie-lark Grallina cyanoleuca 9  

Mistletoebird Dicaeum hirundinaceum 16 10 

Noisy Friarbird Philemon corniculatus 10 30 

Olive-backed Oriole Oriolus sagittatus  20 

Pacific Black Duck Anas spuerciliosa 1  

Pallid Cuckoo Cuculus pallidus 6 10 

Pied Butcherbird Cracticus nigrogularis 1  

Pied Currawong Strepera graculina 1 10 

Red Wattlebird Anthochaera carunculata 23 40 

Red-browed Finch Neochmia temporalis 22  

Red-capped Robin Petroica goodenovii 16  

Red-rumped Parrot Psephotus haematonotus 4  

Restless Flycatcher Myiagra inquieta 3  

Rose Robin Petroica rosea 3  

Rufous Songlark Cinclorhamphus mathewsi 1  

Rufous Whistler Pachycephala rufiventris 30 20 

Scarlet Robin Petroica multicolor 1 60 

Silvereye Zosterops lateralis 20  

Southern Whiteface Aphelocephala leucopsis 3  

Speckled Warbler Chthonicola sagittata 17 30 

Spotted Pardalote Pardalotus punctatus 6 40 

Striated Pardalote Pardalotus striatus 35 40 

Striated Thornbill Acanthiza lineata 12 60 

Stubble Quail Coturnix pectoralis 1  

Sulphur-crested 
Cockatoo 

Cacatua galerita  10 

Superb Fairy-wren Malurus cyaneus 61 20 

Superb Parrot Polytelis swainsonii 1  

Tree Martin Hirundo nigricans 7  

Varied Sittella Daphoenositta 
chrysoptera 

1 20 

Weebill Smicrornis brevirostris 6  

Welcome Swallow Hirundo neoxena 7  

Western Gerygone Gerygone fusa 6  

White-browed 
Scrubwren 

Sericornis frontalis 30  

White-eared 
Honeyeater 

Lichenostomus leucotis 22 10 

White-faced Heron Ardea novaehollandiae 1  

White-naped 
Honeyeater 

Melithreptus lunatus 4  
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Common Name Scientific Name Reporting Rate 
(%) in 
revegetation 
sites 

Reporting Rate 
(%) in remnant 
native 
vegetation sites 

White-plumed 
Honeyeater 

Lichenostomus penicillatus 32 20 

White-throated 
Gerygone 

Gerygone olivacea 6 10 

White-throated 
Treecreeper 

Cormobates leucophaeus 7 60 

White-winged Chough Corcorax 
melanorhamphos 

9 10 

Yellow Thornbill Acanthiza nana 42 40 

Yellow-faced 
Honeyeater 

Lichenostomus chrysops 20 10 

Yellow-rumped 
Thornbill 

Acanthiza chrysorrhoa 51 40 

*  introduced species 
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