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Foreword 


Forests NSW’s research and development objectives were primarily delivered through NSW 
Department of Primary Industries (DPI) Science and Research and through units of its own 
Land Management and Forest Services branch. DPI Science and Research services are 
provided, primarily, through the Forest Science Centre, co-located with Forests NSW at West 
Pennant Hills. Research and technical activities are focused on adding value to the planted 
forests, commercial services and native forests businesses of Forests NSW as well as the 
enhancement of forest resource development and sustainability within NSW. Services are 
provided in three main program areas: Forest Biosecurity and Resource Assessment, Forest 
Biodiversity and Ecology, and New Forests. 

The New Forests team delivers research and development of environmental services of 
forests in the areas of climate change mitigation and land rehabilitation. It develops methods 
to monitor and predict environmental services and utilises these methods to establish the 
potential environmental benefits of planted forests and the best management practices to 
optimise environmental benefits and commercial benefits in low rainfall areas. The team also 
examines the impacts of climate change on forests and contributes to the development of 
climate change policy, particularly in relation to bioenergy and greenhouse accounting for 
emissions trading. 

The Forest Biosecurity and Resource Assessment team provides research and 
development of management options to digitally map, quantify and minimise the impact of 
damaging forest and plantation processes within current commercial, environmental and 
regulatory frameworks. The team’s surveillance activities and diagnostic capabilities enable it 
to provide routine reports on forest health status and assist it in detecting exotic incursions 
and potential outbreaks of pests and diseases of forests and timber. The team also carries 
out research into remote sensing technologies that can accurately and economically assess, 
for example, forest resource and canopy condition and develop site hazard rating models for 
managing predicted changes in local climatic conditions. 

The Forest Biodiversity and Ecology team delivers science and expert advice to underpin 
management systems for maximising and measuring the ecological sustainability of 
biodiversity in planted and native forests within the current commercial, environmental and 
regulatory framework. It provides specialist knowledge of all terrestrial vertebrates and forest 
plant taxa. The Program has considerable experience and expertise in the design and 
analysis of multi-factorial experiments, statistical modeling of species distributions and 
investigations of complex ecosystems. The Program maintains several long-term (> 25 
years) operational-scale research experiments dealing with the responses of native fauna 
and flora to management practices, including the effects of intensive logging and fuel-
reduction burning, and the establishment of eucalypt plantations on previously cleared 
farmland. It also develops appropriate strategies for monitoring the ecological sustainability 
of forestry operations to meet State Plan targets. 
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New Forests
 

Program Leader: Annette Cowie 

Aim: A sound scientific basis established for the use of planted forests to benefit the 
environment. 

Objectives: 
•	 Quantify the contributions of managed forests and forest products to greenhouse gas 

mitigation 

•	 Suitable forest management systems available for dryland and degraded environments. 

Land management to increase soil carbon sequestration in NSW 
Bhupinderpal Singh and A. Cowie 

Presently, there is considerable uncertainty about the extent of carbon (C) sequestration 
potential from improved land use and management practices. The improved land use and 
management practices with significant potential to sequester soil carbon may, in future, be 
recognised as eligible for offsets in the NSW Greenhouse Gas Abatement Scheme (GGAS) 
or its successor. Availability of information on potential C sequestration, and the development 
of cost-effective and reliable methods of estimating soil C change, will facilitate the 
participation by NSW landholders in emissions trading. Knowledge of the influence of land 
use practices on soil carbon will equip landholders to enhance the productivity and resilience 
of agricultural and forestry systems. 

This collaborative project between the Department of Primary Industries (DPI) and the 
Department of Environment and Climate Change (DECC), which addresses Action 3.6.5 of 
the NSW Greenhouse Plan, focuses on the development of cost-effective methods for 
measuring soil C across diverse landscapes and evaluation of a range of management 
practices with potential to promote soil C sequestration in agricultural, pastoral and forests 
systems in NSW. 

Pinus radiata plantation trees at 2, 4, and 24 years of age established on ex-pasture lands in NSW at 
sites established for measuring soil C stocks as affected by afforestation of pasture lands. 
Photographs by Cheryl Poon and Bhupinderpal Singh. 

7 



The Forest Science Centre is leading the subproject that is assessing biochar (a type of 
charcoal produced from biomass) as an organic amendment in terms of its ability to enhance 
C sequestration in soil, reduce nitrous oxide (N2O) emissions, improve soil fertility, and 
deliver life cycle greenhouse gas mitigation benefits. 

Our research on biochar shows: 
•	 biochars can reside in soil for between 100 and 2000 years 

•	 biochar application can effectively reduce N2O emissions and nitrogen (N) leaching from 
soils and this reduction can be quite significant (up to 94%) for some biochar and soil 
types 

•	 the biochars tested are a valuable source of important nutrients, contain negligible 
amounts of non-essential trace elements (lead, arsenic), and do not contain detectable 
levels of organic contaminants (polycyclic aromatic hydrocarbons, PAHs).  

Due to many of these benefits, biochar application has been shown to achieve significant 
greenhouse gas (GHG) mitigation, as compared to conventional feedstock management 
practices. 

Greenhouse gas balance of biochar application to soil 
Using published emissions factors and conservative estimates of biochar-C turnover, net 
emissions reduction for different char scenarios were estimated to range from 35 to128 kt 
carbon dioxide equivalent (CO2e) per 50 kt (dry) feedstock, equivalent to 0.5 to 1.6 times the 
CO2e in the feedstock. Not surprisingly, the biochar-C turnover rate was one of the major 
factors affecting the greenhouse gas balance of biochar application to soil. However, this is 
one of the least well-understood properties of biochar. 

Biochar-carbon stability in soil 
The rate of turnover (decomposition) of biochar C is the major determinant of its value in 
long-term C sequestration in soil. Furthermore, in order for biochar to be accepted by 
emissions trading schemes, it is fundamental to demonstrate the long-term (>100 years) 
stability of biochar in soil. A long-term laboratory incubation experiment is examining the time 
it takes for biochar carbon to be decomposed and released from soil. This experiment uses a 
novel method that is based on measuring the inherent differences in 13C isotope content 
between biochar and soil. 

Results show decomposition of biochar C in soil in the first 2 years of incubation varied from 
0.26% to 8.7% of biochar-C applied. Microbial biomass was higher in many of the biochar­
amended soils. Estimates of mean turnover time of C in different biochars range from 40 to 
1200 years. Long-term simulations shows biochar-C can reside for >100 to 2000 years. 

The role of biochars in mitigating soil nitrous oxide emissions and reducing 
nutrient leaching in two soil types 
(This project is being carried out in collaboration with Dr Balwant Singh, University of Sydney.) 
Biochars are considered to influence soil N cycling processes, including N2O emissions. 
However, only a few studies have tested in detail the influence of biochars on soil N2O 
emissions, a potent greenhouse gas with warming potential 298 times greater than the 
equivalent mass of CO2 in the atmosphere. The influence of four biochars on N2O emissions 
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and inorganic N leaching from two contrasting soils at a range of soil moisture levels was 
studied. Results show that biochar application can be effective in reducing N2O emissions 
and ammonium leaching from soils. The most important finding is that after 4 months, all 
biochars tested, effectively decreased soil N2O emissions and ammonium leaching by up to 
94%, relative to the control. 

A drawing and photograph of an experimental column used for measuring soil N2O emissions and N 
leaching losses, as affected by biochars. Image by Blake Hatton. 

Characterisation and evaluation of biochars as a soil amendment 
(This project is being carried out in collaboration with Dr Balwant Singh, University of Sydney) 
Biochars are being analysed for a range of chemical and physical properties, and different 
methods for measuring some of these properties of biochars are being tested to make 
suggestions about appropriate procedures for the characterisation of biochars. Initial results 
show large differences in the properties of biochars as affected by the biomass sources, 
pyrolysis conditions, and laboratory procedures employed for the analyses. Furthermore, 
data show that the biochars tested are valuable sources of many important nutrients, contain 
negligible levels of non-essential (e.g. lead (Pb), arsenic (As)) trace elements, and do not 
contain detectable levels of organic contaminants (e.g. PAH’s). It was found that due to the 
presence of soluble salts, some of the common laboratory procedures may not be suitable 
for biochar characterisation. 

Influence of biochar on the availability of trace elements to maize
(This work is being carried out by MSc student Tshewang Namgay, University of Sydney, supervised by 
Dr Balwant Singh and Dr BP Singh) 
A pot experiment was conducted to investigate the influence of a biochar on As, cadmium 
(Cd), copper (Cu), Pb and zinc (Zn) uptake by maize. The main findings of this research are: 
(a) Biochar application significantly reduced As and Cd toxicity to plants, and (b) Biochar 
decreased the availability of metals to plants, particularly Cd and Pb. 
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Soil carbon stocks and dynamics following afforestation of ex-pasture land
(This work is being carried out in collaboration with Prof. Mark Adams and honours student Cheryl 
Poon, University of NSW) 
The few published studies on this topic that exist suggest there can be a significant loss of 
soil C when pasture sites are reforested, particularly with pine, which could significantly 
reduce the emissions mitigation value of reforestation. Clearly, in order for plantation forestry 
to be an attractive emissions mitigation tool, there is urgent need to understand and predict 
soil carbon stocks and dynamics following afforestation of agricultural lands. 

Soil respirometer at the University of Sydney used for measuring soil respiration in “paired” pasture-
pine plantation sites in NSW. Photograph by Cheryl Poon. 

Our results show that in high rainfall areas, soil carbon is in fact higher (albeit not 
significantly) in a mature pine plantation site than in the adjacent pasture. This finding is in 
contrast with the findings of the few published experimental and modelling studies that exist. 
These studies led to a general view of 15% decline of soil C where pastures are converted to 
pine plantations. Furthermore, the results show that increased temperature in climate of the 
future may lead to a positive feedback from CO2 release from soils under improved pastures 
and plantations. 

The role of recycled organics in the increase and nature of long-term 
soil carbon pools 
G Kelly 

If the use of recycled organics can be shown to improve soil organic carbon and maintain it 
over a long period, then more primary producers will be predisposed to using these products 
over and above greenhouse intensive, and increasingly expensive, chemical fertilisers. This 

10 



project builds on previous work by analysing existing soil samples for organic matter and 
assessing the easily decomposed and persistant fraction in the first 5 years post application. 
In addition, older sites (>10 years) have been re-sampled, offering the opportunity to assess 
the nature of the organic fractions in the longer term, and therefore the ongoing potential 
benefit to greenhouse gas mitigation. Increased use of recycled organics may contribute to 
soil organic carbon in a more persistent way than other land managment options. 

Apart from increasing soil carbon, recycled organics provide many other benefits such as 
nutrition, soil moisture retention and weed suppression. When recycled organics are being 
used as a resource they are diverted from landfill, with the resultant economic and 
environmental benefit. An increased market for recycled organics will generate local and 
regional business opportunities for the local treatment of appropriate raw material. 
Quantifying the amount and fraction of the carbon added to the soil by recycled organics will 
potentially allow landholders to quantify and offset emissions (in covered sectors) or be an 
offset provider in the Carbon Pollution Reduction Scheme. 

As data shows that recycled organics can increase soil carbon, it will become increasingly 
important to characterise the carbon content of recycled organics and therefore the benefit 
they may provide. This will assist land managers to select the most appropriate and 
sustainable fertiliser or soil amendment regime for their industry and site. 

Analysis of amended mine site soil showed that all recycled organics tested (greenwaste 
compost, biosolids and municipal solid waste compost) increased the soil’s total organic 
carbon. The use of chemical fertiliser on this site marginally decreased total organic carbon 
levels. On a per tonne product C basis, biosolids produced a greater increase in soil total 
organic carbon on mine overburden than similar amounts of other recycled organic products 
(municipal solid waste compost and soil conditioner made from green waste). Although less 
carbon was added in the biosolids, more carbon remained in the soil. 

In pine plantations, when biosolids are incorporated into soil, even low rates of application 
(20 dry t/ha) increase soil total organic carbon and particulate organic carbon relative to the 
control. This increase is maintained over time. 

The greenhouse footprint of wood products 
F Ximenes 

Wood products can significantly extend the greenhouse gas mitigation benefits provided by 
forests. This project will deliver an energy budget for wood products used for building in NSW 
and determine the greenhouse impact of waste disposal options. The results will inform the 
development of carbon trading schemes, energy rating systems and waste disposal 
strategies in NSW. 

There is an urgent need to develop appropriate methods and mechanisms for the inclusion of 
harvested wood products in the framework of the proposed national emissions trading 
scheme. Further progress has been achieved in this area through collaboration with the 
Australian Plantation Products and Paper Industry Council (A3P).  
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Greenhouse footprint of sawn wood production 
This project is assessing the energy and greenhouse footprint of six sawmills, one 
particleboard, one medium density fibreboard (MDF) and one truss and frame manufacturer. 
The data collected for all mills include the energy used and greenhouse emissions 
associated with harvest and transport of logs, mill activities and transport of finished products 
and residues. In this section we report the results of studies conducted at a softwood and 
plywood mills. A total of 103,378 m3 of finished sawn product and 26,101 m3 of finished 
plywood were manufactured in the 2007–08 financial year. 

The kiln drying facility at a softwood mill. Photograph by Fabiano Ximenes. 

The energy footprint for the production of finished softwood (80% structural, 20% 
appearance grade) was 4.4 GJ/m3. The total energy consumption was 455,001 GJ. 

The greenhouse footprint for the production of finished kiln-dried softwood was 0.22 t CO2­
e/m3. The operation of the kilns produced the biggest greenhouse footprint (see first figure 
below). The total greenhouse emissions associated with harvesting and transport of logs and 
mill activities were 22,235 tonnes of CO2 equivalents. 

The energy footprint for the production of finished plywood (100% structural) was 5.7 GJ/m3. 
The assessment of the plymill included emissions associated with transportation of the edge 
sealer and phenol formaldehyde resin required for the production of plywood. 

The greenhouse footprint for the production of finished plywood was 0.47 t CO2-e/m3. This is 
consistent with published information and confirms the higher emission-intensity of 
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production of composite wood products such as plywood compared to the production of kiln-
dried sawn wood (more than double in this case). As for kiln-dried sawn wood, the operation 
of the kilns produced the biggest greenhouse footprint (see second figure below). 

The energy intensity results for both the plywood and the finished sawn softwood are similar 
to those reported in earlier progress reports for a large hardwood mill that was assessed 
(4.56 GJ/m3). The greenhouse footprint of the sawn hardwood operation was slightly higher 
(0.57 t CO2-e/m3), reflecting a number of factors such as greater inefficiencies in the 
hardwood harvest operations (greater distances, less modern harvesting equipment), leading 
to higher diesel consumption and differences in mill set ups and recoveries between the 
hardwood and softwood mills. 

Greenhouse Footprint of Kiln Dried Softwood 
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Greenhouse footprint associated with the production of kiln-dried sawn softwood at a medium mill 

Greenhouse Footprint of Plymill Finish 
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Greenhouse footprint associated with the production of plywood. 

Data gathering has finished for a typical wall and frame manufacturer in NSW. The energy 
footprint for the production of wall frames and trusses was 1.22 GJ/m3. Interestingly the 
largest contributor to the energy footprint was the use of steel plates and nails in the frames 
and trusses. The greenhouse footprint for the production of wall frames and trusses was 0.09 
t CO2-e/m3, with wood transport from the sawmill to Sydney and, once again, steel usage, 
the main contributors. 
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Once analysis of the six sawmills studied is complete, the team will prepare a summary 
report containing the combined results and an estimate for the greenhouse footprint of sawn 
softwood and hardwood production in New South Wales. 

Landfill studies 
An excavation was successfully conducted at the operational Eastern Creek landfill site in 
western Sydney. The site is one of the largest landfills in New South Wales, receiving close 
to 5,000 t of waste per day. Four holes at different areas of the landfill were excavated to a 
depth of about 10 m using a long-reach excavator. Large volumes of paper and wood 
products were recovered. 

Eastern Creek landfill excavation. Photograph by Fabiano Ximenes. 

The age of the waste (dated from newspapers and magazines) varied from 6 to18 years. The 
pH and temperature of the excavated waste were recorded in the field. The average pH and 
temperature were 7.3°C and 25.1°C, respectively. The pH was negatively correlated with 
time of burial—the longer the burial time, the lower the pH.  
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Paper fromm 1990, Easteern Creek lanndfill excavatioon. Photogra ph by Fabian o Ximenes 

The methhodology forr the analysees of the sammples is beinng developedd and will in clude 
measure ments of graammage andd moisture ccontent, and chemical annd microscoppic analysess. 

Scanning electron micrrograph (transsverse sectio n) of a coach wood samplee from landfill degraded by 
fungi priorr to burial. Miccrograph by FFabiano Ximeenes. 
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The analysis of the paper samples recovered from a real-life landfill will be greatly assisted 
by the results of a research project in collaboration with Morton Barlaz from North Carolina 
State University. The research aims to determine the maximum potential decomposition of a 
range of Australian-made paper products under simulated landfill conditions in the laboratory 
and the results will be used as a benchmark for the analysis of the paper recovered from 
Eastern Creek. Preliminary results suggest that the extent of decomposition of the range of 
paper products is lower than currently suggested by the Intergovernmental Panel on Climate 
Change (IPCC). 

Additional work has been carried out in developing appropriate methods for microscopic 
examination of wood buried in landfills. The outcome confirmed that in the majority of the 
samples that had been chemically analysed earlier, minimal or no decay was detected, which 
suggested that no significant decomposition had occurred in the wood samples after 44 
years of burial. 

Paper and wood samples were collected from the Veolia bioreactor landfill in Woodlawn, 
NSW, during routine drilling works. Samples from up to 35 m below the surface were 
recovered and the pH and temperature of the waste were recorded at frequent intervals. 
These samples represent an important addition to the range of landfill samples already 
collected, as the effect of management in bioreactor landfills on the extent and rate of decay 
of paper and wood is currently unknown. 

Pilot of a catchment management authority participating in the NSW 
Greenhouse Gas Abatement Scheme 
A. Cowie, A. Grieve and S. Arnold 

Under the NSW Greenhouse Gas Abatement Scheme (GGAS), now known as the 
Greenhouse Gas Reduction Scheme, parties can become accredited to provide abatement 
certificates generated through forest carbon sequestration. The intention of this pilot project 
was to develop tools and systems to enable a Catchment Management Authority (CMA) to 
apply for accreditation to manage a carbon pool based on its revegetation programs and 
existing plantings in its catchment. 

The project team, led by DPI together with Murrumbidgee CMA staff, comprehensively 
investigated the feasibility of CMAs becoming involved in carbon trading as pool managers 
under the NSW Greenhouse Gas Reduction Scheme, using environmental revegetation 
plantings on private land as the basis for a pool. The main objectives of CMAs engaging in 
carbon trading were to use the potential income streams arising from the creation and sale of 
greenhouse abatement certificates either to provide increased incentives to revegetate and 
maintain land for environmental purposes through additional payments to landholders; or to 
provide access by CMAs to additional income to facilitate the revegetation required to meet 
catchment targets. Both these objectives are consistent with the charter and role of CMAs. 

This study has concluded that: 

•	 with relatively minor changes and some increases in costs, the business systems of 
CMAs could support the administrative requirements for accreditation to GGAS although 
the necessary changes would require a commitment to maintain the revised systems for 
prolonged periods (more than 100 years) 
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•	 suitable service providers are available that could provide support for CMAs in those 
areas where it may be more appropriate to outsource specific services 

•	 the substantial impacts of legal costs and adverse landholder reaction to the obligatory 
requirements for registering carbon rights and restrictions on land use on the title may 
represent a challenge to the viability of a prospective carbon pool 

•	 clear, comprehensive and enforceable contracts will be required setting out mutual 
obligations by landholders and CMAs for the successful inclusion and maintenance of 
eligible plantings in the pool 

•	 although a preliminary business case suggested that net incomes to both CMAs and 
landholders from carbon pool operations would be financially attractive, more refined 
financial analysis has shown that the net income derived from operating a pool of around 
2000 ha across several CMAs would lie in the range $40,000 to $100,000 per annum. 
Relative to the risks and costs of managing a pool, this level of income is unlikely to 
attract either landholders or CMAs into such a long-term venture  

•	 the anticipated Australian Carbon Pollution Reduction Scheme (CPRS) may reduce the 
disincentives to landholder and CMA participation in carbon trading, for example through 
a more flexible approach to the permanence provisions, or a simpler process for 
establishing carbon rights and restricting land use on farms. However, the rules of the 
CPRS are not yet finalised. When the national scheme commences, GGAS will cease, a 
factor which introduces additional uncertainties around seeking accreditation at the 
present.. 

After careful consideration of these findings, the CMA General Managers decided that CMAs 
should defer applying for accreditation as GGAS pool managers at this time. The project has 
provided CMA General Managers with the documentation which will be required for 
application as pool managers under the NSW Greenhouse Gas Reduction Scheme. Similar 
documentation is likely to be required for the CPRS. 

Uncertainty surrounding the transition from GGAS to the anticipated CPRS, has severely 
reduced demand for credits generated through GGAS and there has been a substantial 
decrease in their value.  While the prospect of the introduction of a national CPRS remains 
likely, there is little incentive for CMAs to seek accreditation under the NSW GGAS.  Whether 
it is desirable for CMAs to participate in the CPRS will be somewhat unclear until the 
regulations are released.  The CMAs remain interested in the prospect of deriving income 
from emissions trading based on reforestation offsets.  A future decision to seek 
accreditation as a carbon pool manager under the planned CPRS or a voluntary offsets 
scheme will depend on the rules and framework for inclusion of reforestation offsets adopted 
by the scheme. Specifically, the scheme requirements must address the barriers identified in 
this study, so that inclusion of pools based on large numbers of individual small area sites is 
a viable prospect. 

17 



Key sites for hydrology and salinity measurement and model validation 
C Barton and H Morgan 

This project provides essential input into other current National Action Plan for Salinity and 
Water Quality / Natural Heritage Trust (NAP/NHT) project areas (TOOLS II and Salinity 
Solutions through Agriculture) and provides information to enable relevant stakeholders 
(policy makers, Catchment Management Authorities and land managers) to make decisions 
on the best land use to minimise the onset and cost of dryland salinity. Data collected will 
also be used to improve tree growth models that are required for economic forecasting and 
estimating the carbon sequestration potential of tree plantings. 

The project is a collaborative effort between NSW DPI, the Department of Water and Energy 
(DWE) and the University of New South Wales. The project aims to collect a range of data 
from a number of sites to quantify the sub-catchment impacts of various land use options, 
including tree planting, on water and salt movement. These data are being used to validate a 
suite of simulation models currently being developed by DWE that are integral to decision 
support tools used by CMAs. 

Measuring growth and water use of Eucalyptus camaldulensis at the Baldry site in the Central West. 
Photograph by Sam Wood. 
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Data collection and analysis has been ongoing at the two field sites operated by the New 
Forests Program, one in the Liverpool Plains near Quirindi (Paringa), where a stand of 
ironbarks established by the landowner in 1996 is being monitored, and one in the central 
west between Wellington and Parkes (Baldry), where a 60 ha planting of spotted gum and 
river red gum established by Forest NSW in 2003 is being investigated. 

It has become apparent that the rise in dryland salinity in NSW during the 1990s was 
primarily a result of above average rainfall rather than due to historic removal of trees from 
the landscape. Since 2000, declining rainfall and the drought has resulted in many 
occurrences of dryland salinity disappearing. However, data collected at the Baldry site has 
shown that the trees established on the salt scald did increase the rate of improvement of the 
saline scald. Furthermore, detailed characterisation of the site has shown that salt is stored 
in pockets across the landscape rather than in the groundwater and reduction in salinity in 
the future should be through management of these stores to prevent mobilisation of salt 
during wetter periods. The advent of the drought has moved the emphasis from salinity 
amelioration to maintenance of catchment water yields, which reduces the feasibility of 
broadscale tree plantings as a viable land use option. Targeted tree planting in conjunction 
with earth works both on discharge areas and around salt stores may be the most effective 
means of managing the salinity problem when the rains return. 

Commercial and environmental tree use in medium rainfall areas 
C. Barton and I Johnson 

This project consists of a number of research trials established since 2000 to assess the 
growth, performance and suitable silvicultural regimes for a range of tree species in the lower 
rainfall areas of NSW (500–700 mm). Older spacing, belt width, establishment, and species 
demonstration trials (established between 2000 and 2003) are being maintained and 
periodically assessed, as are permanent growth plots established in 2001 (in various older 
plantations) and in 2007 (younger plantations in the Gunnedah area). 

Species demonstration sites 
In 2000, 48 species demonstration sites were established up and down the state in order to 
compare the growth rates of a number of potentially suitable species across a range of sites. 
Data from the Species Demonstration Trials will aid in decision support tools to guide 
Catchment Management Authorities, extension personnel, and landholders in low rainfall 
areas in selecting suitable species for establishing plantations on particular site types and for 
commercial or environmental purposes (e.g. carbon sequestration, salinity control, wood 
production). 

Thinning and pruning trials within the species demonstration sites 
A number of the replicate plots from the species demonstration plantings have been thinned 
and pruned as they reached a certain size in order to assess the impact on growth and wood 
quality. No additional plots were thinned in 2008–09 because suitable plots had been 
included in the trials by April 2008. In the past 12 months, 215 thinned and control plots were 
assessed at 1 to 3 years following thinning. At 3 years after thinning, total basal area (BA) for 
both thinned and control plots was increasing at a similar rate. However, on an individual tree 
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basis the basal area increment of trees in the thinned plots was almost always greater than 
for trees in matched control plots. This held true for all diameter classes. The increases 
tended to be greatest for E. camaldulensis and smallest for E. sideroxylon. Basal area of 
individual trees in thinned plots was 30% to 100% greater than for control plot trees 

A plot of Pinus pinaster near Rylstone that had been thinned and pruned 12 months earlier. 
Photograph by Ian Johnson. 

Permanent growth plots 
In the longer term, permanent growth plots will provide data for growth over extended periods 
for species under “real life” plantation conditions, including some species not present in the 
demonstration trial. The data will be useful for quantifying biomass and carbon sequestration 
in plantation conditions, and in contributing to the development of carbon sequestration tools. 
They should be measured again within the next 1 to 2 years (4 to 5 years since previous 
assessments). 

Establishment techniques trials 
Two trials established in November 2007 were assessed at age 12 months. Overall survival 
was high (85–86%). At both sites, mean tree height in mounding and deep ripping+mounding 
plots was significantly greater than from shallow ripping alone. 
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Rio Tinto plantation establishment trial 12 months after planting—well-established mounded plot (left) 
compared with adjacent shallow-ripped plot (right). The height stick in the mounded plot is 3 m high. 
Photograph by Ian Johnson. 

Across preparation treatments, post-planting herbicide gave significantly greater height than 
nil herbicide after planting, although differences were not large. Mounding also gave greater 
survival at both sites (though only differences between ripping plus mounding and shallow 
ripping were statistically significant). Shallow ripping resulted in the poorest survival. 
Differences in survival due to post-planting herbicide were minor at both sites, and only 
marginally statistically significant at the slower-growing site. To date, the most striking (but 
not surprising) result, given the clayey soil type in these trials, is that site preparation 
methods that resulted in more friable soil in which to plant, resulted in increased tree height 
compared to preparation methods that resulted in “cloddy” soil. 

Belt width trial 
This trial was established in 2003 to investigate the interaction between width of tree belt and 
tree belt spacing on water interception down hill slopes in the Liverpool ranges with the aim 
of providing recommendations for tree planting design to optimise environmental benefits in a 
salinity prone area. 

Tree height and diameters were assessed in October 2008 for the belt width trial. The 
expected patterns of growth in relation to position from the top of the stand and length of 
unplanted hill slope above the stand have not emerged. During the drought it is unlikely that 
enough rain occurred to provide run-on to the stand from the unplanted pasture area above it 
and trees throughout the stand did become very stressed. Better rainfall in the last few 
months has reduced stress and trees appear to be recovering. Clearly, the use of belts of 
trees to intercept lateral flow on hill slopes does depend on there being sufficient rainfall to 
generate lateral flow and unfortunately this trial has been established just as rainfall moved 
into a declining phase. When rainfall does return, the stand will be in a good position to 
respond and provide useful information. 

Spacing trial 
This trial was established in 2003 to examine the effect of planting density on tree growth in 
the Liverpool plains region. Four species were planted at three stocking rates: 625, 1250 and 
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1875 trees per hectare. Height, diameter and survival have been monitored each year. By 
2008 the stand basal area is still lowest in widely spaced trees but the gap appears to be 
closing and individual stem diameter is larger for widely spaced trees. The drought followed 
by cool, wet weather resulted in a fungal infection that caused widespread defoliation of 
many trees in the surrounding plantation. Tree health appears to have improved and the trial 
is still worth monitoring. 

Data and information for the National Action Plan for Salinity and Water Quality 
and the Natural Heritage Trust project 
Basic details of location, size, species, age and class and so on have been collected for over 
320 plantations and trials of species in the NSW 500–750 mm rainfall zone in order to 
produce tables and location maps. These data will be placed on the internet as a Department 
web-book within the next few months. Some extra data are being gathered, particularly on 
low-rainfall tablelands plantings, to augment information already obtained. Many individuals 
from several organisations have kindly provided data. Mapping has been carried out by 
Forests NSW Geographic Information Systems staff. 

Species growth data from our species demonstration trials, some silvicultural trials in the 
Upper Hunter, and permanent growth plots in low rainfall plantations, have been sent for 
inclusion in the Department’s “TreeSmart” database. The data include 1,806 records, 
incorporating plot growth, location and site data. 

DPI Prime Facts are being prepared on farm forestry (commercial), biodiversity, salinity, and 
carbon sequestration. These present information based on research by DPI, where possible, 
and from other reports and papers. They are in advanced stages of drafting. 

The Hawkesbury Forest Experiment: Impacts of precipitation and CO2 
on trees 
C Barton 

The Hawkesbury Forest Experiment is established at the Richmond campus of the University 
of Western Sydney (UWS) to investigate how increasing atmospheric carbon dioxide (CO2) 
concentration will affect Australian forests. The project incorporates an elevated CO2 

experiment and an irrigation plus fertilisation experiment. The centre-piece is a field facility 
with twelve CO2 and temperature-controlled whole-tree chambers (WTCs) provided by the 
Swedish University of Agricultural Sciences. The results from this project will improve our 
ability to model and predict the likely effects of climate change on Australian forests in terms 
of their growth and water use. These have implications for carbon sequestration and water 
resources in both native and planted forests. 
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Whole tree chambers (9 m tall) at the field site at the University of Western Sydney’s Hawkesbury 
campus. Photograph by Craig Barton. 

Half of the trees were exposed to a droughting cycle from October 2008 to February 2009. 
The effects of the treatment started to become apparent in December with lower leaf water 
potentials, reduced water use and slower growth rates. The whole tree gas exchange has 
demonstrated a significant increase in instantaneous water use efficiency, which results from 
a combination of slightly higher photosynthetic rate and lower water loss at elevated CO2. 
Due to an almost complete reduction of photosynthetic capacity in trees grown at elevated 
CO2, and possible changes in allocation patterns, no enhancement of growth has been 
observed. 

The trees were harvested in April 2009 and analysis of the data is underway. 

Use of soil amendments to maximise forest products on mine lands 
G Kelly 

Since the Kyoto Protocol was first drafted in 1997, many companies have started to 
investigate the options available to reduce their greenhouse gas emissions and address the 
threat of climate change. One popular emission reduction strategy involves the establishment 
of tree plantations to sequester carbon from the atmosphere back into living plant tissue.  

Mines have an obligation to rehabilitate after the mining process. Due to the nutrient-poor 
nature of the unconsolidated overburden, considerable time and money is spent re­

23 



establishing nutrient cycling. Soil amendments such as biosolids are being investigated to 
determine if they can assist in this process, thus making eucalypt plantations a viable 
alternative to the traditional use of pasture in rehabilitation.  

This research program investigates the role that soil amendments (including biosolids, 
bottom ash, municipal solid waste compost and greenwaste compost) have on the 
successful establishment, survival and growth of trees. This includes assessing the impact of 
fertiliser (organic and inorganic) on tree growth, nutrition and soil nutrition and carbon 
storage. The carbon sequestration potential, both above and below ground, is being 
assessed. 

Recycled organics are proving to be valuable in the early establishment of plantations on 
mine sites. Data shows that each recycled organic brings with it its own benefit: biosolids 
improve growth; mulch suppresses weeds, reduces soil temperature and maintains soil 
moisture; soil conditioner and municipal waste compost improve survival. Understanding the 
role of different recycled organics products in maximising the survival and growth of 
plantation species allows appropriate combinations of recycled organics to be used to 
overcome site specific problems. 

An application rate of 400 kg available nitrogen/ha is required on the overburden to initiate 
and maintain growth and adequate foliar nutrition. When this is done, sustainable plantations 
can be established with a single application of biosolids. This eliminates the need for 
reapplication of heavy amounts of mineral fertiliser, which is the current practice for at least 
the first 5 years after rehabilitation. Where a sustainable land use is reached at an early 
stage (within 5 years), significant financial benefits accrues to the mines. 

Improved spotted gum stock is proving very successful in these trials and not exhibiting the 
high within species variability of growth and form usually found in this species. Early growth 
is superior to that of other spotted gum trials. It is difficult to predict a mean annual increment 
(MAI) for young plantations. Some species are slow starters (e.g. Corymbia maculata) whilst 
the clonal material has rapid early growth. In addition, other factors such as changing climatic 
conditions can play a significant role and there are no older stands with similar planting stock 
and treatments with which to compare. However, carbon stocks are roughly equivalent to 
MAI. The best species and treatments returned around 8t CO2 equiv/ha/ yr. This would put best 
species and treatments from the plantations into the marginal category for conventional 
commercial forestry. However, taking carbon into account, these conventionally marginal 
stands may well be commercially viable. 

Plantations with very low growth rates (MAI of less than 8 m3/ha/yr) would not be considered 
for conventional plantations, but may be considered suitable for other purposes. They have 
the potential for production of carbon and bio-fuels. This may have particular relevance in the 
Western and dryland areas, where there is less competition from alternative land uses. 
Hardwood plantations are favoured as estimates of average annual biomass production, 
carbon production and CO2 equivalents are approximately 15% higher for hardwood than for 
softwood. 
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Biosolid benefits for plantation pine 
G Kelly 

Over the last 18 years a series of nine research and 11 demonstration trials (funded by 
Sydney Water and Forests NSW) has been established to investigate the effects of biosolids 
on plantation pine. 

The older aged stands were targeted to maximise the benefit on merchantable trees. While 
silvicultural benefits were encouraging, environmental issues were also addressed. Biosolids 
proved an effective fertiliser in pine, both environmentally and silviculturally. Biosolids 
increase growth and also provide non-timber benefits (e.g. carbon storage—both above and 
below ground). Analysis of the carbon sequestration potential of plantations treated with 
biosolids continues to be assessed. 

Technical Officer Paul Brooks sampling soil 17 years after biosolids application to determine the long-
term soil carbon benefit. Photograph by Georgina Kelly. 
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The 18-year-old sites (Belanglo and Penrose) were re-measured to gain further insight into 
the long-term benefits of biosolids. Just prior to harvest this year, samples were taken (discs 
and cores) up the tree to determine the impact of biosolids on wood quality. Non-destructive 
measurements were also taken (Fakopp, pilodyn and Director measurements) to assess a 
range of wood properties. Early analysis indicates that while the application of biosolids 
increases growth it does not significantly change wood properties. 

The Modulus of Elasticity (MOE, a measure of stiffness) was not significantly different 
between treatments, though the lowest MOE was for the mineral fertiliser treatment. For the 
first four logs of the tree (the merchantable timber) the MOE was above 10, placing it in the 
commercial range. Similarly, the density of the timber was not significantly affected by the 
application of biosolids. 

In short, the increased growth generated by biosolids application was not offset by loss of 
wood quality. In fact data indicate that mineral fertiliser had more deleterious impacts on 
wood properties than biosolids (a slow release fertiliser). These results are timely as the cost 
of mineral fertiliser is rapidly increasing and Forests NSW is re-examining the option of 
applying biosolids as a fertiliser to the pine estate. 

Integrated growth and thinning response models for even-aged forests 
H Bi 

These projects are designed to support and enhance the management and carbon 
accounting of even-aged forests (forests in which all trees are the same age) managed by 
Forests NSW. Work on biomass estimation for environmental plantings was begun. 

Plantation valuation 
The forest estates managed by Forests NSW are required to be valued annually by the NSW 
Auditor General. Dr Bi undertook the task of evaluating the product proportion models 
currently used by Forests NSW and testing their prediction accuracy. The evaluation focused 
on the modelling methodology, particularly model specification and parameter estimation, 
while the test examined both global and local prediction accuracy of the models. To improve 
prediction accuracy, an alternative set of product proportion models based on a system of 
additive equations was specified and estimated for each region. The results highlighted the 
improvement in prediction accuracy that can be gained through improved modelling methods 
and the requirement for more realistic product volume data to be generated from current 
cutting strategies. 

Radiata pine biomass 
Our multidisciplinary research team has made further progress with an externally funded 
project that is applying LIDAR (light detecting and ranging) technology in forest inventory of 
Pinus radiata plantations. Sampling design, plot establishment, field measurements and 
preliminary data analysis have been completed. The overall objective of the project is to 
integrate LIDAR data with forest growth models for rapid, accurate and cost-efficient forest 
inventory, growth and yield predictions, and biomass and carbon estimation.  
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Mature radiata pine plantation on the southern tablelands of NSW. Photograph by Georgina Kelly. 

A system of additive equations has been modified and refined to predict aboveground 
biomass of Pinus radiata plantations. The equation system predicts total biomass as well as 
component biomass of stem wood, bark, branches and needles using stand attributes that 
can be easily obtained from forest inventory and growth and yield models. Comparative 
prediction accuracy of the system has been tested against the conventional method of 
scaling up in biomass estimation of P. radiata plantations. The system of equations has been 
used by Forests NSW for planning and carbon accounting purposes. 

Growth models for native forests 
Forests in the Eden area constitute a substantial proportion of the forest estate under the 
management of the Southern Region. A large thinning experiment over four sites in the 
regrowth forests of Eden has been maintained. This on-going experiment was jointly 
established by Forests NSW and CSIRO to examine the long-term growth and yield 
response after thinning in the regrowth forests dominated by Eucalyptus sieberi in southeast 
NSW. The latest measurement data were screened and entered. The next round of 
measurements is scheduled to take place in the 2010–11 financial year. 
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Biomass of environmental plantings 
Alternative methods of estimating the biomass of environmental plantings have been 
compared. This work is a component of the collaborative project led by CSIRO on improving 
methods to reliably estimate carbon sequestration by environmental plantings. Lachlan 
Catchment Management Authority is the funding body of the project. 

The potential of Pinus radiata for ecological restoration of the Yangtze 
River catchment in Aba, Sichuan, China—an ACIAR supported project 
H. Bi 

Pinus radiata was introduced to the summer rainfall environments of Sichuan Province, 
China, in the 1990s as a part of an afforestation program for soil and water conservation in 
the arid and semi-arid river valley area of Aba Prefecture. Through climate matching, a total 
area of 26,000 ha has been identified as suitable and a further 63,000 ha potentially suitable 
for environmental plantings of P. radiata. The plantations are being established in widely 
separated small patches of usually only one or two age classes on steep and degraded 
slopes along the dry Min River valley. 

As an important part of the project, a provenance experiment over three sites along the dry 
river valley was established in 2004 and maintained and measured until late 2007. In May 
2008 a devastating earthquake struck northwest Sichuan and the epicentre was located in 
the study area where our three provenance trials were established. The earthquake triggered 
large scale landslides that cut off roads, damaged bridges and buried a large number of 
people and vehicles. The aftershocks also added significantly to the difficulties of carrying out 
rescue and relief work. Because of their preoccupation with rescue and relief work and the 
added difficulties from road closures, restrictions and safety hazards, project scientists in 
China have not be able to perform normal project activities for about a year. 
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Terracing to allow establishment of a provenance experiment at one of three sites in the Min River 
valley, Sichuan Province, China. Photograph by Robert Eldridge. 

We plan to resume project work in the second half of 2009. It will take several months for us 
to complete the assessment of the damage to the trials caused by the earthquake, to re-
measure the growth of surviving trees, and to process and analyse the data for the final 
project report. 
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Forest Biosecurity and Resource Assessment 


Program Leader: Christine Stone 

Aim: Integrated decision support and management systems developed which provide an 
acceptable level of forest health protection. 

Objectives:  
•	 Minimise the introduction or establishment of exotic pests or diseases 

•	 Develop a system of forest health management that evaluates, models and minimises 
pest and disease impacts on managed forests. 

Forest health surveillance  
A Carnegie 

Surveys by the Forest Health Survey unit identify important pests, diseases, vertebrates, 
nutrients and weeds that may be limiting to growth and establishment of pine and eucalypt 
plantations, and that may need further research. Continued forest health surveys are 
essential to monitor and increase our knowledge of known pests and diseases and the 
factors influencing development of damaging outbreaks. Regular surveys also increase the 
probability of early detection of new pests and diseases, including exotic incursions. 

Forest Health Reports provide plantation owners and managers with a summary of important 
pests and diseases in their plantations, with recommendations on remedial or control action 
where appropriate. In most cases these options are discussed with relevant field staff soon 
after the survey. Through surveys and research on improving pest and disease management 
strategies we assist Forests NSW with the task of implementing Ecologically Sustainable 
Forest Management Plans. 

Softwood plantations 
Softwoods management can use forest health survey data to: determine correct predictions 
of pre-harvested wood volume in affected stands; adjust management regimes for 
“unhealthy” stands (e.g. bring thinning forward in drought affected stands); apply fertilisers or 
weed control to improve establishment, growth and survival of young trees; control spray for 
Dothistroma needle blight (Dothistroma septasporum), and increase trap tree plots in Sirex 
wood wasp (Sirex noctilio) infested areas. 

Only two Softwood plantation Regions were fully surveyed this year, as requested by Forests 
NSW: the Hume  and Macquarie Regions, which were surveyed in winter 2008. Northern 
Region softwoods on the northern tablelands were surveyed due to severe Dothistroma 
needle blight. The extent and severity of pests, diseases, vertebrate pests, climatic disorders, 
nutritional imbalances and weeds limiting growth or affecting survival were mapped and 
reported. 

Sirex wood wasp continues to cause significant tree mortality in several State Forests in the 
Hume Region, with a slight increase in the area affected from last year. Low parasitism rates 
were observed in the biological control program over the 2007–2008 season. Ips bark 
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beetles (Ips grandicollis) continue to attack Sirex trap trees, potentially detrimentally affecting 
the biological control program. Only low levels of Sirex infestation were observed in the 
Macquarie Region. Recommendations for management of Sirex across both Regions 
included increasing the biological control program in high risk areas. 

Tree mortality associated with drought (and Ips or Diplodia pinea canker) was significantly 
reduced in the Hume Region this year compared to 2007–08, with no areas with tree 
mortality higher than 5%. The area affected was 5,385 ha, compared to over 17,795 ha in 
2007–08. Importantly, Ips activity was significantly lower than last year. Lower levels of tree 
mortality were also observed in the Macquarie Region. Few management options are 
available to reduce tree mortality associated with drought stress. Early thinning of affected 
stands may reduce further tree mortality by reducing water stress on retained trees. 
However, research is required to determine whether this is operationally feasible or effective. 
Another option is to identify high risk sites (such as those with a low water-holding capacity) 
and plant trees at a lower stocking or prescribe early thinning on these sites. Research within 
NSW DPI is currently investigating this issue. 

Essigella californica (Monterey pine aphid) was again widespread in the Hume Region. The 
area affected was slightly lower than last year; however, damage observed in September 
was much more severe than had been observed in previous years, with trees being almost 
totally defoliated in some areas. Damage from Essigella was also widespread throughout the 
Macquarie Region, occurring in the majority of State Forests. Although the area affected was 
lower than last year, levels of damage (severity) were higher than last year, with current 
aphid activity observed in many areas. Forests NSW is currently involved in a national 
project investigating biological control of Essigella (see below under management of 
Essigella). 

Ips bark beetles continue to breed and cause damage in the Billo Road Fire area of 
Buccleuch State Forest. There were moderate numbers of new deaths of trees that had been 
damaged by fire but not originally killed. We observed Ips in many of these trees, indicating 
that they are continuing to be a good resource for Ips to continue to breed and build up their 
population. 

Localised areas of nutrient deficiencies, mainly boron deficiency, were identified in several 
areas in both Regions and recommended for remedial management. 

Dothistroma needle blight was severe in several State Forests on the Northern Tablelands. 
The area of damage was mapped in the Forests NSW helicopter, with maps provided to the 
Northern Region for control spraying with copper oxychloride fungicide. Approximately 
1,800 ha were targeted for control. 

Unplanned intervention responses 

The Forest Health Survey Unit responded to a range of unplanned requests (including “call 
outs”) by Planted Forest Operations and Forests NSW Nurseries in response to pest and 
disease issues throughout the year, providing recommendations on management of 
problems that included: 
•	 seedling mortality at Blowering Nursery, identified as Phytophthora cryptogea 

•	 salvage of fire-damaged trees at Mount David State Forest (potential blue-stain due to 
bark beetles) 
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•	 wind damage to young trees at Bondi State Forest 

•	 renewed Australian Pesticides and Veterinary Medicines Authority (APVMA) permit 
(PER9817) to control wingless grasshoppers in pine plantations 

•	 mortality of pine grafts at Grafton Nursery, identified as Phytophthora cinnamomi. 

Pest and disease management 

Current pest and disease management strategies were reviewed and management 
efficiencies identified where appropriate to improve performance. Several research projects 
are aimed at improving the efficiency and effectiveness of management strategies to reduce 
the impact of pests and diseases: 

Sirex 

The effectiveness of the biological control program for this pest is continually monitored by 
looking at nematode parasitism rates from Sirex wasps that emerge from trap tree plots. In 
recent years this has been sub-optimal, with levels in the Hume Region in recent years being 
45–55%, in the Monaro in 2007–08 at 39% (no emergence from 2008–09) and the 
Macquarie Region at ~60% over the past two emergence seasons. Too few wasps have 
emerged from trap trees in the Northern Region to provide reliable data. Ideally, parasitism 
should be closer to 90%. The reason for this reduction in parasitism is being investigated, but 
could include attack of trap trees by Ips bark beetles and sub-optimal timing of nematode 
inoculation. We have recommended that inoculation of trap tree plots with nematodes occurs 
from April to May. Due to dry conditions trap trees may be drying out too quickly for the 
nematodes to effectively migrate throughout the whole tree and infect Sirex larvae. 

The Forest Health Survey Unit released Sirex parasitoides (Ibalia leucospoides), which were 
originally captured from the Hume Region in Nowendoc State Forest to supplement the 
biological control program. 

The APVMA permit to use dicamba (PER10524) to establish trap trees was renewed. 

In recent years Ips bark beetles have been attacking Sirex trap tree plots, potentially 
reducing the effectiveness of the biological control program. NSW DPI conducted a trial to 
investigate the potential of pheromones to deter Ips from attacking Sirex trap tree plots. The 
trial was funded by the National Sirex Coordination Committee (NSCC), with assistance from 
the Hume Region. Anti-aggregation pheromones were attached to trap trees in an attempt to 
deter Ips from attacking them before Sirex was able to oviposit. Unfortunately, we found no 
significant effect of the treatment, with the majority of trees attacked by Ips. However, we did 
find that Sirex was still able to oviposit in trees attacked by Ips. Further research on this 
problem and fine tuning trap tree establishment techniques is planned, using funding from 
the NSCC. 

Essigella 

Forests NSW is part of a national Forests Wood Products Australia (FWPA) project to 
develop a biological control program for Essigella. A parasitic wasp has been imported from 
the United States, undergone extensive testing in a quarantine facility in South Australia, and 
is planned for release in winter–spring 2009 following final approval. First releases in 
Australia are planned for the Hume Region, with data collected during forest health surveys 
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used to identify high risk sites to target for initial release. Monitoring of the effectiveness of 
the biological control agent will be conducted in the following years. 

A trial has been established in the Hume Region to investigate the potential for remedial 
fertiliser to reduce the impact of Essigella defoliation. 

A clone trial in the Hume Region was assessed in 2008, with preliminary identification of 
clones superior for growth and Essigella resistance. Further trials are being identified for 
assessment in the coming year. 

Hardwood plantations 
In August 2008, aerial surveys were conducted of a large proportion of the Forests NSW’s 
young hardwood estate in northern NSW. Surveys were also conducted for Dothistroma 
needle blight in pine plantations and Forest Enterprise Australia’s hardwood plantations in 
the same week. Ground surveys were conducted in October 2008, February 2009 and April 
and May 2009. The Forest Health Survey unit liaised with the Plantations Forester, as well as 
Plantation Officers, prior to, during or following surveys. A report containing geographic 
information system (GIS) maps and management recommendations was sent to the 
Northern Region following the aerial and October ground surveys, with a report of the 2009 
ground surveys still being completed. The main issues are described below. 

Bell miner associated dieback (BMAD) was again observed in several plantations on a 
range of hosts, including Eucalyptus saligna, E. grandis and E. dunnii. There was little 
change to the extent and severity of damage from last year. We have also identified areas 
where active bell miner colonies are adjacent to plantations and, as such, have potential for 
future BMAD problems. Recommended management of BMAD in young plantations includes 
continued monitoring of the extent and severity of damage, and of bell miner colonies, and 
weed control of lantana, which will reduce bell miner habitat. 

Cardiaspina psyllids again caused damage to E. grandis at one plantation, with the extent 
of the infestation similar to previous years. Cardiaspina psyllids were observed in many 
areas on the north coast last year, including in native forest and mature plantations around 
Coffs Harbour. There are limited management options for this pest. 

The winter bronzing bug, Thaumastocoris sp., was confirmed for the first time attacking 
eucalypt plantations in NSW during the surveys in October. This insect pest was previously 
only known from Sydney street trees and an isolated area of plantation in south-east 
Queensland (a different species has caused extensive damage to eucalypt plantations in 
South Africa). This tiny bug causes chlorosis of spotted gums (Corymbia spp.), resulting in 
premature defoliation. It was observed during aerial surveys in several localised areas (in 
total 5 ha) in plantations around Casino and in one plantation west of Port Macquarie during 
ground surveys in February. Recommended management is to monitor tree recovery in 
future surveys and for any expansion of the current infestations. The initial outbreaks were 
identified during the aerial survey and would have been difficult to detect from the ground 
only. As such, we strongly recommend the continuation of the aerial survey of hardwood 
plantations.  
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Damage ((yellowing andd bronzing) too spotted gumm caused by t he winter bro nzing bug, neewly identifiedd 
in plantatioons in NSW dduring forest hhealth surveyys in 2008. Phhotograph by Angus Carneegie. 

The winte r bronzing buug. Photograpph by Angus CCarnegie. 
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Eucalypt sawflies caused extensive and severe defoliation of E. dunnii in several 
plantations in the Bonalbo area in mid to late 2008, with approximately 460 ha affected. We 
observed small areas (10–20 ha) of defoliation in previous years, but were never able to 
confirm the causal agent. During the 2008 aerial survey we landed within the plantation and 
observed sawfly larvae feeding on trees. Few management options are available for this pest 
and we recommend continued monitoring of the extent and severity of damage and for tree 
recovery in following surveys. 

Severe repeated damage from Creiis lituratus psyllids has resulted in dead-topping and 
tree mortality of E. dunnii in approximately 153 ha, all in plantations with previous outbreaks. 
Outbreaks of Creiis continue to cause significant problems in younger stands owned or 
managed by management investment scheme companies in the region. We question the 
efficacy of chemical control with currently registered insecticides. We have been coordinating 
a collaborative project through the Subtropical Forest Health Alliance (including private and 
public growers) investigating new insecticides and delivery mechanisms to control Creiis (see 
below). 

Stem borers are a continuing problem in the ageing estate and we have been conducting 
specific surveys for stem borer damage over the past few years, including identifying the 
causal agents of damage (various species of cossid moths and longicorn beetles) and 
associated fungal damage. This forms part of a project on stem degrade focusing on 
hardwood plantations in subtropical Australia, funded mainly by the Queensland Government 
(see below). 

Forests NSW provides plantation forestry establishment management services to TEPCO 
Forests Australia Pty Ltd, STMicroelctronics Pty Ltd and AgriWealth Pty Ltd under long-term 
contracts. The total area of plantation under contract is approximately 14,000 hectares. The 
plantations are spread over three forestry regions and comprise a mixture of hardwood and 
softwood species. Forest health assessments are routinely undertaken in a manner that is 
consistent with those carried out on Forests NSW’s own plantation estate.  TEPCO Forests 
Australia Pty Ltd and AgriWealth Pty Ltd plantations were surveyed in 2008–09. 

Pest and disease management 

Operational pest and disease management advice is provided to Regions on completion of 
surveys where required, or as requested during an “unplanned intervention response”. 
Examples are provided above, and include continued monitoring of outbreaks or damaged 
stands and weed control. Current pest and disease management strategies were reviewed 
and management efficiencies identified where appropriate to improve performance. Several 
ongoing sub-projects are aimed at improving management strategies for pests and diseases 
in hardwood plantations. 

Pest and disease assessment of tree improvement trials. Assessment of insect damage 
in an E. dunnii provenance and family trial were carried out. Future assessments are 
planned. No other trials were identified for assessment in 2008–09. 

Impact of stem defect agents on wood quality in subtropical hardwood plantations. 
This is a multi-agency (growers and research providers) project which is funded largely by 
the Queensland Government’s Plantation Hardwoods Research Fund. The main aims are to 
identify the major factors that determine a plantation’s (or tree’s) susceptibility to stem 
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degrade, quantify the economic impact of degrade on solid wood crops, and develop 
prescriptions and tools to reduce the impact of stem defect agents in current and new 
plantings. The Forest Health Survey unit is involved through provision of forest health data 
and expertise and assisting in quantifying the impact of stem degrade via destructive 
sampling and sawmilling studies. 

Improved management of Creiis psyllids. Creiis is still the single major health threat to 
profitable E. dunnii plantations in northern NSW. Current insecticide control has proven sub­
optimal. Through the Subtropical Forest Health Alliance we are assisting in testing and 
trialling new chemicals and application techniques, with registration of a new insecticide 
imminent. The APVMA permit to control Creiis with dimethoate was renewed (PER11322). 

New and emerging pest and disease threats. A major benefit of surveillance by trained 
experts is that new and emerging threats are identified early. In recent years we have 
identified several eucalypt leaf spot fungi new to science, as well as the first outbreak of the 
winter bronzing bug in plantations in NSW. 

Remote assessment and spatial modelling of native forest dieback  
in NSW 
C Stone 

Throughout coastal south-eastern Australia, Bell Miner Associated Dieback (BMAD) refers to 
a form of canopy decline observed in eucalypt crowns occupied by colonies of bell miners 
(Manorina melanophrys (Latham)). While the total extent of BMAD is unknown, numerous 
observations and local surveys indicate that the problem is spreading. In October 2008 
Forest eucalypt dieback associated with over-abundant psyllids and bell miner was gazetted 
as a “Key Threatening Process” after a formal determination by the NSW Scientific 
Committee (see http:www.environment.nsw.gov.au/committee/ListOfScientificCommitteeDeterminations.htm). 
As a consequence of this decision, formal strategies for managing BMAD will need to be 
developed and implemented. Accurately mapping the location of bell miner colonies and 
identifying forest stands susceptible to this form of dieback is essential to implementation of 
recommended management strategies. 

Research begun in 2004 was supported by the BMAD Working Group and recommended by 
the Northern Rivers Catchment Management Board for Natural Heritage Trust funding. The 
second phase of this project was based in the Watagans, and conducted at the Jilliby Study 
Site. Several agencies utilised the study site and associated plots (e.g. DPI Forest Science 
Centre, Forests NSW Native Forests Operations, Department of Environment and Climate 
Change - National Parks and Wildlife; NSW Rural Fire Service and the University of NSW). 
Data collected from these plots was shared with the NSW Rural Fire Service as part of a 
related spatial project investigating the remote assessment of fire fuel loads. 

The overall aim of this project was to identify the acquisition, processing and modelling 
specifications of cost-effective imagery that will enable the accurate classification of canopy 
health in native eucalypt forests, using BMAD as a case study. The study has demonstrated 
that through the fusion of lidar and multi-spectral satellite imagery, it is possible to apply a 
modelling system that accurately maps the current and potential distribution of BMAD. This 
information is essential for the planning and implementation of BMAD management 
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strategies. It is recommended that managers of native forests known to have BMAD 
formalise their priorities with respect to the application of remote sensing technology for 
forest assessment and monitoring. This approach requires commitment to investing not only 
in the acquisition of remotely sensed imagery but also in the technical expertise and facilities 
required for handling and analysing such spatial data. Cost efficiencies arise from larger-
scale projects (> 100,000 ha) and these often occur from cost-sharing collaboration on multi­
functional projects involving clusters of forests. For example, the acquisition of lidar for both 
water catchment management and canopy health assessment. 

Key stand floristic, structural, silvicultural, edaphic, topographic and climatic 
factors 
Analysis of the ground-based plot data revealed that in the Jilliby study area, the presence of 
bell miners was significantly associated with unhealthy eucalypt crowns. The plot results also 
demonstrated a strong association between forest structure (an open sclerophyll canopy 
over a dense lower storey) and the presence of bell miners. The density of understorey was 
significantly correlated with fire frequency. We recommended that, based on these results, 
the prevention or subsequent removal of a dense lower understorey would make a forest 
less at risk from bell miner colonisation. Silvicultural practices that promote rapid overstorey 
regrowth and canopy closure would be a viable option for managing canopy decline 
associated with bell miners. From the Jilliby plot data we also found that soil landscape type 
was not significantly associated with bell miner colonisation but that topographic Wetness 
Index, however, was selected in a final logistic regression model. Bell miner colonies were 
absent from dry sites. Although there were significant differences in the ranking of crown 
condition between eucalypt species, tree species was not selected in the final model. 

Spatial predictive models for bell miner associated dieback 
In collaboration with Dr Andrew Haywood (Victorian Department of Sustainability and 
Environment), a modelling system for mapping the actual and potential distribution of native 
forest colonised by bell miners, and hence susceptible to BMAD, was developed.  

Lidar image distinguishing vegetation classes within Eucalypt regrowth. Image by Russell Turner. 
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The field training data was split into a model building data set and a validation data set. Six 
modelling techniques (Logistic Regression, Generalized Additive Models, Tree-Based 
Classification, Random Forest, and Boosting of Trees and Neural Networks) were integrated 
with Airborne Laser Scanner (lidar) and SPOT5 data and topographic variables.  

For the Jilliby study site, the most accurate algorithm for predicting the distribution of bell 
miner colonies was Random Forests 

High-resolution, geo-referenced digital maps that accurately classify the extent 
of BMAD within the study area 
A comparison of the predicted presence and absence of bell miners as an indicator of 
eucalypt forests susceptible to BMAD in the Jilliby Catchment Study Area produced by the 
six models is illustrated below. A comparison of the six maps reveals areas of commonality 
with respect to the predicted presence of bell miners. These areas should be given priority 
when planning follow up, ground based assessment required for amelioration activities. 
These maps identify both stands which were actually colonised by bell miners and stands 
which are susceptible to colonisation by bell miners. These two classes can be separated by 
either ground based visitation or the subsequent acquisition of high resolution, hyperspectral 
remotely sensed imagery which has the discriminative power to detect unhealthy eucalypt 
crowns in complex native forest. 

An illustrated comparison of the predicted presence or absence of bell miners as an indicator of 
eucalypt forests susceptible to BMAD in the Jilliby Catchment Study Area produced by six models. 
Images by Christine Stone and Andrew Haywood. 
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The modelling system developed for the production of the maps in the figure above was 
applied at a resolution of 10 m within the Jilliby catchment study area. However, this study 
confirmed the high quantitative capacity of airborne Lidar (at a point density of 2 pulses/m2) 
to accurately measure forest stand structure. Using the Lidar dataset, Dr Russell Turner 
(DPI, Science & Research, Forest Health) produced high resolution canopy height and 
understorey volume surfaces and accurately determined overstorey cover. We found 
significant relationships between a lidar-derived vegetation structural index (plot area 
covered by eucalypt overstorey or ‘volume’ of understorey up to 10 m height), eucalypt crown 
condition and the presence of bell miners. 

Cooperative Research Centre for Forestry—the Green Hills State Forest 
Project 
C. Stone 

NSW DPI is a Supporting Partner of the Cooperative Research Centre (CRC) for Forestry. 
The Forest Health Management Program is making a significant in-kind contribution to the 
collaborative Research Program 1, “Managing and monitoring for growth and health” and, in 
particular, Project 1.2.2, “Measuring and managing forest health”. A key multi-focus study 
site for Program 1 is located in Green Hills State Forest, near Batlow, NSW. 

The health component of this project is based on the exotic pine aphid Essigella californica, 
which is now considered a key pest of Pinus radiata in SE Australia. By May 2007, however, 
tree deaths associated with the drought and the introduced bark beetle Ips grandicollis were 
becoming a significant health issue in the northern section of Green Hills and this tree 
mortality has been included in the remote and ground-based assessment program.  

Green Hill State Forest pine plantation as a three-dimensional Lidar-derived canopy height model. 
Image by Russell Turner. 
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This project will quantify the capacity of emerging technologies such as satellite and airborne 
sensors to effectively assess a range of important biophysical attributes related to the health 
and condition of Pinus radiata plantations. Change detection metrics have been developed 
through temporal analysis of imagery over northern Green Hills acquired by the MODIS 
satellite sensor. The MODIS sensor acquires imagery over Australia daily but at a coarse 
resolution of between 250 and 1000 m and is available free of charge. This analysis will be 
used to develop an extensive “first pass” monitoring system for detecting vegetative changes 
in the plantations. Unexplained trends (e.g. not due to the regular patterns of seasonal 
phenology or silvicultural operations) would be identified. These areas would then be 
targeted for more detailed investigation through field surveys of finer spatial resolution 
imagery. 

The Green Hills project provides an opportunity for Forests NSW to review the advantages of 
acquiring this spatially explicit information, information that can be more accurate and cost-
effective than existing conventional methods of inventory and forest health assessment. 

Six major field campaigns in which tree and plot data related to tree growth and health were 
collected (between September 2006 and May 2009) have now been completed. The final 
field campaign is scheduled for September 2009. Imagery from the following satellite and 
airborne sensors has also been acquired over the study site: MODIS, Quickbird, Hyperion, 
Landsat and ADS40 digital camera imagery. These imagery datasets represent a wide range 
of spatial, spectral and temporal resolutions. Four aerial sketch mapping surveys have also 
been completed over the study site. In addition, insect population monitoring of the Essigella 
pine aphid was carried out over the period November 2006 to May 2008. 

Diaeretus essigellae, an exotic biological control agent for the pine aphid, has been brought 
into Australia and tested for host specificity. It is hoped that the approval process for release 
will be finalised by September 2009 and a limited number of the parasitoid wasps released 
into Green Hills State Forest. The survival and efficacy of this biological control agent will be 
followed during the remaining term of the forestry CRC. 

A total census of dying or recently killed trees enables us to accurately quantify the impact of 
damaging agents and processes. Experience gained from the Green Hills project will enable 
us to provide the guidelines and specifications required for the acquisition of imagery from a 
range of remote sensors. Recommendations related to the integration of remotely acquired 
digital imagery into existing spatial data management systems and stand based growth 
models as well as emerging process-based models will also be an important outcome. In 
addition, this project will enable the Forest Health Surveillance Unit to calibrate their aerial 
sketch mapping methodology. 

High resolution remote sensing of the Green Hills State Forest 
C. Stone 

This 2-year research project, developed during 2008, resulted in a contract with Forests & 
Wood Products Australia, which was signed in October 2008. The project will receive 
$125,215 from FWPA, as well as significant in-kind contributions from Forests NSW and 
NSW DPI’s Forest Health Program. The project will harness the benefits of high resolution 
lidar and multispectral imagery through the modification and customisation of existing 
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methodologies and software systems and provide recommendations for its specific 
implementation. Relevant information and software tools already available, or close to 
commercialisation, will be evaluated and the outcomes collated. 

Illustrating the ‘semi-supervised’ identification of individual dead crowns in a 20-year-old, unthinned 
stand of Pinus radiata using lidar height thresholding and spectral variation from digital camera CIR 
data. Accurate image co-registration of the two digital images is essential but difficult to achieve if the 
lidar and camera imagery is acquired separately. Images by Russell Turner. 

The rapid advancement in the capacity and affordability of remote sensing technologies has 
resulted in a paradigm shift in the approach taken to assess plantation inventory. 
Conventional ground-based inventory methods are labour intensive and based on a small 
survey of plots while high spatial resolution digital imagery enables a total census of plot and 
tree-scale attributes. Adoption of this technology will supply benefits through a reduced 
reliance on conventional field-based inventory assessments and more cost-effective 
estimates of inventory attributes. The likely significant cost differential between lidar and 
conventional inventory approaches will enable forest managers to undertake more frequent 
large-scale strategic inventories as well as monitor forest growth and productivity. 

The procedures developed in this project will enable  the integration of this technology into 
ground-based, lidar canopy and stem profiling, GPS linked harvest operations and the 
adoption of process based modelling for productivity estimates and carbon accounting. 
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Exotic timber insects 
M Horwood and R. Eldridge 

The Forest Science Centre (FSC) identifies forest and timber insects for members of the 
general public, businesses and other government agencies. One aspect of the identification 
service that provides a major economic benefit to the community is the identification of 
suspected exotic timber insects. 

This year one of the samples, sent to the FSC for identification by members of the pest 
control industry, contained the exotic West Indian drywood termite Cryptotermes brevis. The 
infestation was investigated and a site visit conducted to determine the extent of the 
infestation. The infestation was confined to a single door that was fumigated with assistance 
from the Australian Quarantine and Inspection Service (AQIS). 

Another important aspect of the exotic insect incursion management activities of the FSC is 
the identification of suspected exotic termites for AQIS. These are suspected border 
intercepts or material collected by AQIS Officers participating in the Northern Area 
Quarantine Surveys (NAQS). During 2008–09, 16 samples were identified on behalf of AQIS. 

Termite and Power Pole Evaluation Research Project 
M Horwood 

Each year the Australian power supply industry spends millions of dollars protecting wood 
poles from subterranean termite attack and replacing poles damaged by termites. Concerns 
within the industry about the efficacy of the chemicals used for controlling termites and a 
desire to optimise treatment practices led to an investigation known as the Termite and 
Power Pole Research (TAPPER) trial. The Electricity Association of NSW and the Forest and 
Wood Products Research and Development Corporation provided the necessary funding for 
the trial and Forests NSW undertook the research in collaboration with EnergyAustralia, 
CountryEnergy and Integral Energy. Work commenced in 2000. 

To achieve the study objectives, two trials were established: 
•	 a service trial conducted over 7 years to evaluate the performance of termiticidal 

treatments including dusts, chemical soil barriers, a residual timber fumigant and baits for 
eradicating termite infestations from infested in-service power poles. Three smaller trials 
were run in conjunction with the Service Trial 

•	 a field trial lasting up to 20 years to evaluate chemical soil barriers and a physical barrier 
for protecting new poles from termite attack. 

All service trial treatments achieved significant reductions in termite infestation. As the trial 
progressed, poles became reinfested by termites. By the fifth year after treatment poles 
treated with chemical soil barriers had the lowest probability of infestation, followed by poles 
treated with fumigant. Poles treated with dusts were the least well protected from termite 
attack 5 years after treatment.  

The field trial was established in 2002 in a State Forest near Narrandera in south-western 
NSW. Five years after the establishment of the field trial, all full barrier systems were 
unpenetrated by termites. Partial barriers of fipronil and imidacloprid were 100% effective 
after 5 years (see figure below). The year seven inspection is scheduled for 2009. 
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Arrangements for this inspection (including funding) will be negotiated with the electricity 
supply industry. 

Incidence of termite attack on posts with partial termiticidal barrier and control treatments. 

Several network operators have altered their termite treatment practices to take on board the 
findings of this research. Expectations are high that these changes will result in significant 
progress towards Objective Two: reducing the cost to the power supply industry of termite 
damage and treatment. 

National Plant Pest Indicator Species Surveillance Program 
D. Kent 

The primary objective of the National Plant Pest Indicator Species Surveillance (NPPIS) 
program for 2008–09 was the collection of data on the presence or absence of pests already 
present in Australia as indicator species for environmental change. It is envisaged that this 
surveillance will provide data on the current distribution and abundance of targeted pest 
species and provide a baseline for monitoring future changes. These data will also contribute 
to the development of models of spread and habitat suitability in the context of environment 
change (i.e. climate and land use). 

The main activities scheduled to be undertaken during the year are described below. 

Urban forest trees survey: Urban amenity trees, including Platanus spp. trees, within 
Sydney and regional council areas were surveyed for Corythucha ciliata Sycamore Lace 
Bug. 
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The sycamore lace bug adult Corythucha ciliata (Say); length 3 mm. Photograph by Peter Gillespie. 

Forest and timber pests: In conjunction with the Australian Quarantine Inspection Service 
(AQIS), the NPPIS is developing a profile of Quarantine Approved premises (QAP) within the 
Sydney Basin which import products at risk from a range of forest and timber beetles and 
woodwasps. The pilot study proposal to undertake surveillance of these profiled QAP and 
surrounding urban areas has been put on hold. As a result this trapping phase of the 
program was delayed and will now commence in the second half of 2009. 

Bark beetles: Distribution data on the exotic softwood bark beetles, Ips grandicollis, 
Hylastes ater and Hylurgus ligniperda in NSW softwood plantation areas were extracted from 
the DPI insect collection database.  These data were by-catch from the 2006–07 Sirex 
monitoring program. 

Forest Science Centre collections 
D. Kent 

The Science and Research Collections based at the Forest Science Centre provide 
invaluable identification and reference resources for current research projects and forest 
health surveillance. The insect and disease collections are also a repository of biosecurity 
comparative material relating to potential exotic plant pests affecting both forestry and timber 
products. 

The Forestry Commission of NSW Insect collection (FCNI) is a collection of over 50,000 
Australian and exotic forest and forest product insect specimens. The Forestry Disease 
Herbarium is a collection of approximately 3,500 tree and timber fungal specimens and 
fungal fruiting bodies and approximately 1500 fungal cultures. The third and last collection is 
the Forestry Commission of NSW Wood collection, which contains approximately 30,000 
wood samples of Australian and overseas material, a voucher herbarium collection and a 
comprehensive microscope slide collection. All three collections have now been gazetted 
under the Agricultural Scientific Collections Trust Act NSW (1983). This achievement 
recognises the collections as valuable forestry resources and supports the long-term 
maintenance, improvement and management of all three collections. 
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The FCNI collection provides the basis for an important identification service to the NSW 
Department of Primary Industries, including Forests NSW staff, other government agencies 
(including Australian Quarantine Inspection Service), the pest control industry and the 
general public. The FCNI has been improved for future maintenance and management with 
the adoption of Biolink, a database specifically designed for collections. Over 50% of the 
collection is on Biolink and is also available to all contributing Australian Plant Pest Database 
(APPD) organisations, including Plant Health Australia and Biosecurity Australia, on-line via 
the APPD website. 

The FCNI was recently re-registered as a scientific organisation for non-commercial loan, 
donation or exchange of scientific specimens of native Australian species between Australian 
and overseas institutions by the Department of the Environment, Water, Heritage and the 
Arts. The collection retains its original registration number: AU021. The FCNI still maintains 
an active membership in the Council of Heads of Australian Entomological Collections 
(CHAEC) and supplies an annual report on collection activities. Membership of CHAEC 
allows the collection manager to keep abreast of current collection maintenance 
developments and electronic data capture innovations. 

The pathology collection at the Forestry Disease Herbarium performs the same important 
identification service as the insect collection and is electronically databased into the KE 
Texpress data management system. Several isotype collections of recently described 
eucalypt foliar fungi are lodged in the Forestry Disease Herbarium. 

Of the three collections, only the Forestry Commission of NSW wood collection has not been 
regularly used. Access is currently difficult due to storage issues. The microscope slide 
collection is currently on long-term loan to an ex-Forests NSW wood anatomist and is safely 
housed on the south coast of NSW. 
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Forest Biodiversity and Ecology 


Program Leader: Rod Kavanagh 


Aim: A scientific basis for maximising biodiversity values in managed forests.
 

Objectives: 


•	 Enhance understanding of managed forest ecosystems 

•	 Develop integrated landscape models of wildlife habitat and timber production 

•	 Develop species monitoring programs to enable assessments of progress in meeting 
NSW State Plan biodiversity targets 

•	 Evaluate the role of eucalypt plantations for restoring biodiversity in rural landscapes. 

Ecology of birds and non-flying mammals in managed forests 
R Kavanagh and M Stanton 

Prey availability may limit barking owl population density 
The barking owl, Ninox connivens, a threatened species throughout southern Australia, 
maintains a large robust population in the Pilliga forests of northern New South Wales. 
Breeding pairs in this population occupy large home ranges of up to 2000 ha. 

Principal Research Scientist Rod Kavanagh releases a barking owl in the Pilliga State Forest. 
Photograph by Matthew Stanton 
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Nest sites and roost sites do not appear limiting for the owls in these forests so an 
investigation was made of barking owl diet and prey availability. Barking owls preyed on over 
40 species of birds, the Sugar Glider, insectivorous bats and insects, with most prey items 
taken from the air or in trees and few prey items taken on the ground. Preliminary results for 
prey availability show that while all prey groups are widely distributed throughout the Pilliga 
forests, the distribution of the owls was strongly correlated with prey biomass. Spatial 
variability in prey biomass, particularly birds, provided the best explanation for barking owl 
distribution. The available prey biomass, including birds and small to medium-sized 
mammals, appeared to be limiting barking owl population density and distribution within the 
relatively marginal habitat provided by the Pilliga forests. Prime habitat for barking owls 
elsewhere in NSW has been cleared for grazing and cropping. 

Biodiversity monitoring 
Biodiversity monitoring at multiple scales is needed for reporting status and trends in 
ecological sustainability, and to assess progress towards the achievement of State Plan 
Biodiversity Targets. Decisions about the allocation of sampling effort at each monitoring 
point, regardless of its location, involve trade-offs between the time-cost of surveys and the 
power of the monitoring design to detect changes in species presence or abundance. 

There is a need to determine the optimal sampling effort for landscape monitoring programs 
for forest birds and other taxonomic groups. We recorded 100 forest bird species at 81 points 
during a pilot monitoring program in the Pilliga forests of north-western NSW. Simulations 
using a sub-sampling method were made to determine the variation in bird species richness 
according to sampling plot size, number of sampling plots at each location, and number of 
visits to each plot. The time required for each sampling option was recorded. We found that it 
was feasible to reliably record (i.e. with 90% confidence) about 30% of the forest avifauna in 
standardised species monitoring programs. These species were representative of a number 
of ecological guilds and included some listed as “threatened”.  

Plot size, number of plots and number of visits all had important influences on species 
richness and species detectability. Optimal sampling effort was determined by the capacity to 
sample more than one location per day. This required visits to fewer plots at each location 
and, accordingly, resulted in fewer species detected with high levels of confidence. Our 
maximum sampling effort was insufficient to record all species known to be present, due 
mainly to the highly skewed nature of bird species distributions; additional visits or targeted 
research on selected priority species may be required. A statewide (national) grid offers 
potential as a framework for unbiased sampling of “resource condition” for species and 
habitat surrogates, and also a solid platform from which to assess changes over time. 

Remote sensing of habitat surrogates 
The capacity to recognise and identify important features of habitat for animals by using a 
range of new remote sensing technologies is in its infancy. However, both satellite and 
aircraft-borne methods offer huge potential for regular, cost-effective assessment of changes 
in forest stand conditions across large areas and, eventually, of changes in the availability of 
habitat for many species. In collaboration with the University of Queensland, we developed 
methods for mapping isolated trees and patches of forest and woodland in agricultural 
landscapes from satellite imagery (multispectral Landsat 7 and SPOT 5) using a combination 
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of the normalized difference vegetation index (NDVI), spatial filtering and threshold values. 
We then calculated various discrete and continuous landscape metrics based on the tree and 
forest mapping and assessed their importance in explaining spatial patterns of bird species 
richness. Data for bird species collected at each of 120 sites in the Albury region were used 
in the analysis. A high level of accuracy (80–90%) was achieved in deriving a layer of trees 
represented as point objects in areas with low–medium tree cover. The remotely sensed 
percentage of tree cover at spatial extents of 3–28 ha around sites was found to explain 
almost 50% of the variability in overall bird species richness and 60% of the variability in 
woodland-dependent bird species richness. The work provides a novel remote sensing and 
spatial ecology approach to investigating the ecological importance of small and isolated 
landscape features such as paddock trees, for bird species richness. This approach could be 
used for more extensive assessment of avian habitat quality from high spatial resolution 
images across a range of human-modified landscapes. 

Long-term ecological research sites 
R Kavanagh, M Stanton and T Penman 

Bird populations at the Banksia Road, Eden, alternate coupe logging study were assessed in 
spring 2008, 32 years after project establishment. Progress results from this study were 
published in 1985 and 2003. The most recent data have yet to be analysed and reported. 

Bird populations at the Eden Burning Study Area were also assessed in spring 2008, 22 
years after project establishment. Progress results from this study have been reported at 
major ecological conferences. A major analysis of the combined data across all years is 
currently underway. 

Populations of arboreal marsupials within the Waratah Creek experimental logging area, 
near Bombala, were assessed in autumn 2009, 28 years after project establishment. 
Progress results from this study were published in 1998 and 2004, but many other papers on 
aspects of the ecology of these species have been published. The most recent data have yet 
to be analysed and reported. 

Impact of forest management practices on plant species diversity 
R Kavanagh and T Penman 

This project examines the effects of the two primary forest disturbances, fire and logging, on 
both understorey and overstorey vegetation. Data have been collected within the Eden 
Burning Study Area over a 20-year period. Funding has been provided by the Bushfire CRC 
to analyse and publish the results of this study. 

Prescribed burning and logging operations affect understorey plants differently. However, the 
typically patchy nature of these management procedures, at least in the dry sclerophyll 
forests in south-eastern NSW, means that some refuges are likely to be available for species 
that are more sensitive to fire and logging. Extending the study to other forest types such as 
the north coast of NSW will extend our understanding to different forest types and allow for 
more broadscale approaches to be developed. 
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A hazard reduction burning operation in a native forest environment. Photograph by Trent Penman 

Analysis of existing data indicates that the effects of timber harvesting on floral diversity are 
relatively short lived (less than 15 years) and the predicted detrimental impacts of frequent 
prescribed fire were not realised. The lower than predicted impacts are thought to be a 
function of the heterogeneity of disturbances at the site and the low intensity of these 
disturbances. 

The major unexpected result was that the diversity of sites changed over time independently 
of management regime. This was considered to represent a natural response to increasing 
time since wildfire. These results have been verified independently using similar data 
collected from another long-term study and reference site in the region, the Forests NSW 
Yambulla Hydrology Research Catchments, and additional sites from an ongoing 
collaboration with the NSW Department of Environment and Climate Change. 

Soil seed bank 
To examine the ability of the plant communities to recover if wildfire occurred in the area, we 
conducted a soil seed bank study. This work was initiated under a Bushfire CRC student 
summer scholarship and completed under funding from the Bushfire CRC and Forests NSW. 
Results of the soil seed bank indicate that the forest management practices are having 
“hidden” impacts on these communities through modifications to the soil seed bank. Timber 
harvesting increased the diversity and abundance of seeds within the seed bank, while 
frequent burning had the opposite result. 
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Biodiversity in eucalypt plantations established on farms for wood 
production and to reduce salinity 
R Kavanagh, B Law and F Lemckert 

This “biodiversity in plantations” project builds upon existing knowledge from a large number 
of sites planted for environmental benefits in the Albury-Wodonga region and extends the 
geographical relevance of the work to include the Liverpool Plains region near Gunnedah. 

Sugar gliders utilised nest boxes soon after installation during the Liverpool Plains Study. Photograph 
by Matthew Stanton. 

A detailed investigation into how plantations are used by bats on the Liverpool Plains was 
undertaken by radio-tracking a number of species on two adjacent properties (Paringa and 
Connamara) near Quirindi. In February 2008, 10 bats were radio-tracked and in September 
2008, a further eight bats were radio-tracked, altogether comprising four species. We used 
manual observations and deployed remote data loggers to measure the percentage of time 
spent by bats in plantations during night-time foraging. Day time roosts were also located 
and these were always in mature trees, usually in hollows, in remnant vegetation. These data 
are now in the process of being analysed and give us a better understanding of the way bats 
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use plantations. Koalas have also been recorded foraging in several of the young eucalypt 
plantations in this study. Two adult males were fitted with GPS data loggers to record their 
fine-scale use of habitat. These data showed that the Koalas frequently used these 
plantations for both diurnal shelter and foraging, but also made extensive use of remnant 
trees and woodland in the landscape. These animals frequently moved across cleared areas 
to reach preferred foraging locations. 

Goonoo Lands Fox Project 
R Kavanagh and A Towerton 

This project aims to improve the effectiveness of fox control operations through an 
understanding of fox movements and habitat preferences in a forested area northeast of 
Dubbo, NSW. Extensive radio-tracking work has been completed. Remote cameras are 
being tested as a means of assessing changes in fox numbers before and after baiting 
operations. Bait spacing experiments are currently underway to test the effectiveness of 
reduced bait density in order to increase the spatial coverage of bait placement. 

Bat ecology in managed forests 
B Law 

The improving knowledge of forest bat ecology is allowing predictions to be made about 
changes in bat communities resulting from changes in forest management practices and will 
be integral to demonstrating ecological sustainability. 

Technical Officer Alison Towerton with a yellow-bellied sheath-tailed bat captured in the Pilliga State 
Forest. Photograph by Brad Law. 
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Response of bats to disturbance 
Bats in the Karuah Research Area 

An 11th consecutive annual banding of bats was conducted in March 2009, with 143 banded 
and 68 recaptured from previous years. Analysis of these data will provide the first estimates 
of bat population sizes and survival rates in forests, enabling comparison between regrowth 
and unlogged catchments. Thinning of regrowth catchments began in 2009, allowing the 
experiment to move into its next phase, which will compare the extensive pre-thinning data 
on bat populations with post-thinning data in years to come. 

Bat monitoring—ongoing 
The Large-footed Myotis, a water-way dependent bat, has been banded over 12 
consecutive years at Kerewong State Forest. The main study colony has not been relocated 
since the bridge housing the roosting bats collapsed in 2006. A second colony at Kippara SF 
is continuing to be monitored annually, with 17 bats banded and 11 recaptured from previous 
years. A total of 125 bats and 59 recaptures have accumulated since annual banding began 
at this location in 2001.  

Monitoring also continued, at key subterranean roost sites, of eastern horseshoe and 
eastern bent-wing bats, using an infra-red gate and data-logger. In December 2008, the 8th 

annual population census was carried out at Ourimbah bat cave on the central coast (the 
largest known roost of Horseshoe bats in Australia). An uncorrected count of 3,524 bats for 
one night was made as they exited their cave. Continued monitoring of these important bat 
populations will allow Forests NSW to track the changing status of these bats and especially 
to assess changes due to forest management practices imposed on the surrounding 
environment. No count was done at Mumbulla Mine in 2008. 

Bats in river red gum forests 
Acoustic surveys of bats were required as part of the Riverina Environmental Impact Study. 
To efficiently and objectively analyse the thousands of calls collected by this survey, we 
developed an automated identification key to bat calls of the Riverina area. This involved 
trapping bats in River Red Gum forests, recording their acoustic calls upon release and thus 
establishing a reference library of calls. The calls were then statistically analysed to 
differentiate species and the results were incorporated into the automated identification 
software. Over 40,000 calls collected by the survey were subsequently analysed, with the 
results delivered to Native Forests, Western Region. 
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A typical bat survey night in the “office” (Pilliga State Forest) with Principal Research Scientist Brad 
Law and Technical Officer Mark Chidel. Photograph by Alison Towerton. 

Habitat requirements of threatened bats 
The greater long-eared bat in Pilliga forests. The study investigating the habitat 
requirements of this threatened species continued, with additional radio-tracking in spring 
2008. The greater long-eared bat is strongly associated with cypress forests and the Pilliga 
forests represent core habitat, in that the greatest number of captures have occurred in this 
area. Although the bat’s distribution is reasonably well known, little is known of its ecology 
and the impact of timber harvesting. The results will also be relevant to the southern cypress 
forests and the Riverina’s river red gum forests. The aim of the study is to investigate roost 
selection, because roosts in tree hollows are typically the most critical resource for 
insectivorous bats. Maternity roost selection was investigated in November 2008, with 13 
individuals radio-tracked. At this stage the data collection is not complete and data that have 
been collected have not been statistically analysed. A preliminary inspection of the data 
suggests that bats in both seasons commonly roosted in dead trees, most commonly in 
ironbarks, but also in cypress and buloke. It is notable that tree roosts often had a relatively 
small diameter (< 50 cm dbh). Based on these preliminary results, small, dead trees will 
deserve greater attention by forest managers in cypress forests. Information on foraging 
movements was also collected. 
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A roost tree of a greater long-eared bat found by radio-tracking in the Pilliga State Forest. Photograph 
by Alison Towerton. 

Ecology of pygmy possums in managed forests 
B Law 

This project is investigating the ecology of the eastern pygmy possum and the impact on the 
species of logging in forests to provide a scientific underpinning for management of the 
species. The pre-logging phase was completed at MacPherson State Forest in April 2007 
and, after discussions and field inspections with the Department of Environment and Climate 
Change, logging of the site began in April 2009. Logging is expected to be completed by 
August 2009 and the post-logging phase of the possum study will begin in 2010.  

Managing frogs and reptiles in the forest environment 
F Lemckert 

Current protective strategies for frogs in selectively logged forests appear to be adequate to 
protect the target species, based mainly on the ability of frogs to tolerate disturbance to their 
non-breeding habitats. Most species in eastern New South Wales have enough records in 
the reserve system to suggest that they are in a good position for their long-term 
conservation. The effect that climate change may have on this does, however, need to be 
factored in. 

Current monitoring approaches using only relatively few sites are unlikely to detect anything 
but major changes in frog numbers. Increased replication of monitoring sites is required, 
including the current program for the northern corroboree frogs, if changes are to be detected 
in relatively short (1–2 years) periods of time. Site occupancy modelling can provide a more 
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sensitive means of detecting population changes with minimal survey effort, but its 
effectiveness depends on the species. Work on the development of effective monitoring 
programs for frogs is being conducted with Research Scientist Dr Trent Penman. 

The ongoing wetter conditions have demonstrated that the frog populations have not suffered 
severely from the extended drought. Threatened species such as the heath frog and red-
crowned toadlet remain in good numbers in the Watagan Mountains. The long-term work on 
frog monitoring and habitat relationships has culminated in the completion of Frank 
Lemckert’s PhD thesis on the subject (University of Newcastle). The final chapter is a 
summary of the findings and how they relate to current frog management strategies, 
concluding that frogs in selectively logged forests appear well capable of surviving under the 
current regime. 

The red-crowned toadlet, one of several threatened species found in the forests of the Hunter Region. 
Photograph by Mark Chidel. 

Work in collaboration with the Federal Department of Environment, Water, Heritage and Arts 
(DEWHA) has been published on the patterns of frog records in Australia relative to 
reserves. This work provides specific information on the status and rarity of Australia’s frogs, 
and particularly those in south-eastern Australia. It demonstrated that forest frogs in SE 
Australia have relatively high levels of reservation and occur in numerous reserves and 
hence are likely to be well protected under the current system. This work has been 
favourably received by DEWHA and the Biodiversity and Ecology Program has been 
engaged to prepare a similar report for a range of other species and groups. A preliminary 
report including all of the terrestrial vertebrates, butterflies, huntsmen and wolf spiders and 
dragonflies has also been provided. The final report will be completed by August 2009. 
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National recovery plan—giant burrowing frog 
F Lemckert 

The giant burrowing frog (Heleioporus australiacus) recovery plan was completed for the 
Department of Environment and Climate Change. The plan has been passed on to the 
federal government and should soon be submitted for public comment. 

A giant burrowing frog, the subject of a national recovery plan. Photograph by Frank Lemckert. 

Giant burrowing frogs can be managed in south-eastern NSW through a diverse strategy that 
encompasses all land tenures. A local management plan has been developed in the Eden 
Region to manage this species in light of the research work and recommendations of the 
plan. Fire is no longer automatically excluded from areas where this species is known, which 
has been extended to locations on the central coast. 

Recommendations have been made to further determine whether there are two species 
within this group rather than one. Further funding to complete the picture on the genetics of 
this species is being investigated. This is unlikely to alter any current management 
strategies. 
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Wildlife schools 
F Lemckert 

Senior Research Scientist Frank Lemckert enthrals attendees at the Dorrigo Wildlife School with his 
stories of epic struggles against tusked frogs. Photograph by Traecey Brassil. 

Wildlife schools open to Forest NSW and staff from other agencies provide continuing 
training in the skills needed to carry out pre-logging survey programs as efficiently as 
possible. As well, these training sessions promote communication and understanding 
between Forests NSW and other agencies regarding current forest practices and 
management knowledge. The opportunity to provide training for staff from the regulatory 
agency enhances efficient communication and collaboration with Forests NSW. 

A golden-crowned snake seen during nocturnal surveys at the most recent wildlife school in Dorrigo. 
Photograph by Frank Lemckert. 
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Two “Frog, Bat and Reptile” survey, identification and management courses were run during 
the year: one at Dorrigo and the other at Kioloa. The courses were attended by Forests NSW 
staff, Department of Environment and Climate Change staff, members of the Commonwealth 
Department of the Environment, Water, Heritage and the Arts and a large number of 
consultants. 

Mr Lemckert provided an invited lecture at the annual Animal Care and Ethics Committee 
members’ conference in April, providing a talk on the wildlife school program. Following from 
this, a course is being planned in conjunction with the Animal Welfare Unit to demonstrate 
wildlife survey techniques to members of Animal Care and Ethics Committees. Several 
members of different Sydney-based committees have expressed interest in attending this 
course. 

A red-bellied black snake, a snake commonly seen during reptile surveys. Photograph by Frank 
Lemckert. 
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