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1911-1974 av (338 GL)

1975 - 1996 av (177 GL)

2001-06 av (81.8 GL)

Notes:          - A year is taken as May to April
                        - 2008/09 inflow to 13th August 2008

2008

(49.5 GL)
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ABSTRACT 

The Water Corporation has adopted a ‘Security 
Through Diversity’ approach to provide for 
Western Australia’s future water sources.  One 
of the strategies involves the use of catchment 
management as a potential water source.  This 
includes thinning selected trees in the now 
dense regrowth forest to determine whether an 
increase in water yield can offset the effects of 
a drying climate while maintaining biodiversity 
in the catchment.  This trial began in the 
Wungong Reservoir Catchment in September 
2005. 

The Wungong Catchment has been logged  
several times in the past and more recently 
mined for bauxite. This regenerated forest is 
now a mixture of native trees (mainly jarrah 
and marri) and exotic species. This paper 
outlines the silvicultural approach and the 
supporting research currently being undertaken 
as part of a 12-year trial. The outcome will 
assist the Water Corporation when making 
decisions on how to best manage the drinking 
water catchment using this adaptive approach. 

INTRODUCTION 

The water supply catchments in south-west of 
Western Australia are usually forested.  These 
catchments have been subjected to multiple 
uses, including logging, bauxite mining and 
agriculture.  They have also been regenerated 
after mining and logging.  The regeneration 
has resulted in a change in water yield and the 
composition of the forest. 

The increase in water demand due to the 
economic boom and the increase in population 
in Western Australia (WA), has highlighted the 
need to source more drinking water, especially 
in a changing climate.  The Water Corporation 
of Western Australia is responsible for 
supplying drinking quality water to the majority 
of the State and has adopted a ‘Security 
Through Diversity’ approach to secure future 
water sources. 

One of the strategies adopted is the effective 
management of the catchment.  In a recent 
survey conducted by the Water Corporation, 
catchment management is ranked in the top 

three options favoured by the public (Water 
Corporation, 2008). 

This paper outlines the Wungong Catchment 
Trial Project which began in September 2005.  
This project involves selective thinning of forest 
in an already disturbed catchment, with the aim 
of increasing water yield.   

CLIMATE 

The climate in the south-west of Australia is 
Mediterranean - dry summers and wet winters.  
However, since 1975, there has been a change 
in the climate resulting in a steep decrease in 
rainfall in the south-west corner of WA 
accompanied by significant changes in global 
atmospheric circulation (IOCI, 2002).   
 
Since 1975, rainfall has reduced by 10-12% 
across the catchments in the South West of 
WA and the inflows into the surface water 
storages for the Integrated Water Supply 
System (IWSS) have reduced by 70%.  This is 
shown in the Fig. 1. 

Fig. 1 Annual Inflow into the IWSS Dams 
 
The rainfall change since about 1975 
manifested not just a reduction in annual total 
rainfall, but also in less rain days, less rain in 
wet years and winter starting and peaking later 
(i.e. summer running longer).  

 

THE WUNGONG CATCHMENT 

Overview 
The Wungong Catchment is situated on the 
western margins of the Darling Plateau located 
in the south-western margin of the mostly arid 



and ancient Great Plateau (Dell et al., 1989).  It 
is appxomately 50 km south-west of Perth and 
is one of the many water supply catchments 
supplying surface water to the IWSS (Fig. 2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Location of the Wungong Catchment 
 
An overview of the catchment is: 

• 12 846 ha catchment area (128 km
2
); 

• mainly state forest; 
• logged up to four times; 
• pine plantations - 300 ha; 
• 2 500 ha of mined and rehabilitated 

land; and 
• over half of the catchment is dieback 

affected and some areas rehabilitated 
with exotic species. 

 
The Wungong Catchment is dominated by an 
open forest of Eucalyptus marginata susp. 
marginata (jarrah), Carymbia calophylla (marri) 
and Allocasurina fraseriana (sheoak) on the 
laterised slopes and a mixture of E. patens 
(yarri) and Erudis (flooded gum) in the main 
valley floor. 
 
Forestry 
Data obtained from the Department of 
Conservation and Environment (DEC, 
previously known as Conservation and Land 
Management, CALM) indicated that most of the 
catchment were first logged before 1929, with 
few, if any, controls as the Forest Department 
was not established until 1919 (Terry et al., 
2005). 
 
Logging is generally followed by   growth in the 
canopy of the retained stems and by 
regeneration of the eucalyptus and understorey 
species.  The initial effects that logging had on 
increasing water yield are therefore likely to be 
transient (Stoneman et al., 1989).   
 
The longer term effect of the regrowth is the 
density of the forest.  The regrowth forest is 
made up of many smaller trees, thus a denser 
forest with the potential to use more water.  
The jarrah and marri forest regrowth will 

remain locked up as dense poles for many 
years and does not self-thin. The poles will 
take up to 300 years to grow from 20 to 50 cm 
diameter (Stoneman et al., 1989).  
 
Data from eucalypt forests in New South Wales 
indicate that average reductions in water yield 
were recorded for E. seeberi regrowth stands 
between 8 and 20 years (Roberts et al., 2000).  
Similar studies in Victoria regrowth of E. 
regnans after bushfire showed a reduction of 
water yield of between 50-60% (Loh and 
Jayasuriya, 1993). 
 
Likewise, research shows that thinning of 
regrowth forest can substantially increase 
water yield (Stoneman et al., 1989; Bari and 
Ruprecht, 2003).  A mature forest or a thinned 
regrowth forest generates more catchment 
runoff than a regrowth forest without any active 
management. 
 
Historically, forest management has been 
practiced in the catchments of WA primarily for 
timber production. The current Forest 
Management Plan 2004–2013 (Conservation 
Commission, 2004) recognises the importance 
of multiple uses for the forest  The plan 
recognises thinning as a catchment 
management tool to achieve water production 
outcomes and supports adaptive management 
trials. 
 
Mining 
ALCOA began bauxite mining in the Wungong 
Catchment in the late 1960s and continued 
until 1998 (Bartle and Slessar, 1989).  The total 
area cleared, mined and rehabilitated in the 
Wungong Catchment is approximately 
2500 ha.   
 
Data collected shows that clearing forests for 
mining substantially increases water yield for 
some years but with no significant increase in 
salinity and no major events where acceptable 
levels of turbidity were seriously exceeded 
(Schofield et al., 1989). 
 
The rehabilitation of the forest was initially done 
by the State and then taken over by ALCOA.  
Prior to 1988, the forest was regenerated with 
exotic species from the Eastern States.  
However, after 1988, native species were used 
for regeneration purposes.   
 
Ward and Koch (1995) pointed out that the 
regenerated stands are progressing with little 
evidence of self-thinning and some are 
upwards of 25 years of age.  These dense 
stands of regrowth have the potential to reduce 
water yield, possibly even below the original 
yield from native regrowth forests. 
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Fire 
Traditional owners of the land, the Aboriginal 
people, have travelled across the Wungong 
Catchment before it was dammed.  Their 
activities would have included hunting and a 
form of fire-stick burning practice (Hallam, 
1975). 
 
Over the years, the Forest Department has 
developed various fire protection measures in 
the State forests such as the introduction of 
widespread prescribed burning in 1954 
(McCaw and Burrows, 1989).  However, there 
has been a reduction of more prescribed 
burning due to various factors, including 
changing climate, community concerns over 
the smoke generated, management of 
biodiversity and asset protection. 
 
Water yield increase after a prescribed burn is 
likely to be transient as the canopy and 
understorey normally recover within two years 
following a burn.  However, large wild fires can 
have a dramatic effect on the increase in water 
yield but may result in a negative impact on 
water quality and ecology.  Loh and Jayasuriya 
(1993) found that there was a significant 
increase in water yield immediately after a wild 
fire in the catchment for the duration of 
approximately 2 years. 
 

THE TRIAL 

Overview 
The project is designed to confirm the 
hypothesis that active management of dense 
regrowth forest can produce good 
environment, water quality and quantity 
outcomes.  The trial involves on-ground 
activities being managed in an adaptive 
framework. The project is a package of 
catchment management activities including: 

• selective thinning of small mostly non-
commercial trees; 

• staged conversion of exotic species to 
natives; 

• monitoring; 
• research; 
• independent auditing; 
• reporting; 
• consultation; and 
• projects for additional environmental 

benefit. 
 
The success criteria for the trial have been 
adopted from the recommendations of a review 
of the project by CSIRO (Mcfarlane, 2008): 
 

• the social acceptability and cost 
effectiveness of thinning hills 
catchments to improve water yields 
relative to the ‘do nothing different 
option’ will be sufficiently well known to 

enable a decision to be made whether 
to continue treatment of the Wungong 
Catchment and to extend it to other 
catchments 

• a 20 percent increase in runoff in the 
Wungong Catchment following the 
approved silvicultural treatment relative 
to the ‘do nothing different option’ 

• stakeholder acceptance of the forest 
structure after the approved 
silvicultural treatment 

• no significant adverse impact on 
terrestrial and in-stream ecosystem 
functions following the approved 
silvicultural treatment relative to the ‘do 
nothing different options’, and 

• impact on ecosystems’ ability to adapt 
to climate change improved as a 
results of the approved silvicultural 
guidelines. 

 
Treatment of the forest 
The project is based on the current best-
practice silvicultural, hygiene and safety 
requirements relating to the management of 
water supply catchment.  These include the 
development of a hygiene management plan, 
following standard practice in herbicide use 
and the retention of buffers, habitat and 
understorey diversity. 
 
Any commercial logging in the Wungong 
Catchment will be carried out by the Forest 
Products Commission and this will follow the 
Forest Management Plan 2004–2013 
(Conservation Commission, 2004). 
 
The general prescriptions are developed based 
on the three main areas a shown in Fig. 3: 
 
• Protected areas where there will be no 

silvicultural treatment other than prescribed 
burn – these consist of protected areas 
(including formal and informal reserves, as 
well as fauna habitat zones), reservoir 
buffer and experimental control sub 
catchments.  This is approximately 38% of 
the total Wungong Catchment. 

• Native regrowth forest – some of which is 
open and will not require thinning and 
some of which will be non-commercially 
thinned.  This account for approximately 
41% of the total catchment area. 

• Replanted area after clearing for bauxite 
mining – exotic species will be converted 
back to natives and thinning of mining 
rehabilitation areas, up to 21% of the 
catchment area. 

 
It is expected that the thinning programme will 
be introduced over a period of 4 – 6 years.   
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 General Areas of Treatment 
 

Governance 

The project has been designed to be 
consistent with approved Government Policy 
and is subject to several Acts of Parliament 
and Regulations at State and Federal level. 
(Water Corporation, 2005) 
 
A Project Steering Committee, an Advisory 
Group being the Technical Reference Group 
and a Project Working Group were formed and 
meet regularly. Additional employees are also 
assigned to specific roles and provide 
expertise to the project team. Management 
arrangements, as well as roles and 
responsibilities are explained in the Project 
Implementation Management Plan. 
 

Research and Monitoring 

 
Since 2005 the Water Corporation has funded 
and accepted monitoring and research 
proposals from many of the State’s leading 
independent and agency-employed 
researchers and scientists. 
 
Twenty projects relating to the Trial are 
contributing to the status of information needed 
to evaluate the ecological effects of thinning in 
the Catchment. It is intended that these 
programs will develop the necessary 
information required to address the ecological 
uncertainties recognised as a high priority in 

the Environmental Protection Authority Bulletin 
1196.  The projects are: 
 
1. Hydrographic measurements. 
2. Hydrological analysis and modelling. 
3. Hydrological processes. 
4. Groundwater modelling and analysis. 
5. Prescribed fire and stream quantity and 

quality. 
6. Monitoring the effects of wildfire on water, 

vegetation and biodiversity. 
7. Vegetation dynamics and water yield under 

changing climate and management. 
8. Remote sensing to monitor changes in 

forested catchments. 
9. Leaf Area Index. 
10. The impact of forest thinning techniques on 

perceptions of recreational value and 
ecosystem health. 

11. Demonstration / Information sites. 
12. Sapflow measurements to answer tree 

water use questions. 
13. Vegetation monitoring program. 
14. Fauna monitoring plots and fauna 

monitoring program. 
15. Community-based study of fungi 

biodiversity in the Wungong Region . 
16. ForestCheck – monitoring biodiversity in 

jarrah forest managed for sustainable 
forestry. 

17. Monitoring dieback in the Wungong 
Catchment. 

18. Monitoring Cockatoo, Avifauna and Ground 
Vertebrates. 

19. Aquatic fauna biodiversity assessment. 
20. Balancing water quality and ecosystem 

health with water yield. 
 
Some of the above projects that are 
researching or monitoring similar areas will be 
reviewed in February 2009 with the intention of 
grouping them accordingly. The overall 
Program will continue to be adjusted in liaison 
with DEC and relevant scientific advice 
incorporated. 
 
The Trial has enabled ecological research to 
gather baseline data related to avifauna, 
mammals, reptiles, ants, fungi and aquatic 
fauna and acknowledged that in some areas 
there is much work still to be done.  
 
There are also 16 Key Performance Indicators 
which are currently being developed to 
measure and evaluate the Trial. 
 

Operations 

Three Interim Silvicultural Guidelines (DEC, 
2007a, 2007b, 2007c) have been developed by 
the Water Corporation and have received 
approval from DEC for implementation in the 
Wungong Catchment. 
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The project contracts DEC to undertake on-
ground operations within the Wungong 
Catchment, including tree marking, notching 
and felling non-commercially viable timber. 
 
Forest Products Commission (FPC) 
undertakes all commercial harvesting 
operations within the catchment as part of the 
normal northern Jarrah forest harvesting 
program.  
 
The operations will generally thin the forest for 
chip and timber products, with some trials of 
clear-fell and conversion to native forest being 
done. As part of the monitoring and review 
process, the results of the trial will be reported 
to the Conservation Commission of Western 
Australia. 
 

Prescribed burning 

In advance of non-commercial thinning a 
prescribed burn is undertaken.  This greatly 
improves access and safety for the teams 
undertaking work in the forest. Burning is 
undertaken by DEC, normally as part of a 
planned protection or biodiversity burn. 
 

Coupe planning 

Prior to commencement of non-commercial 
thinning a coupe plan is developed. This shows 
the formal and informal reserves, access roads 
and hygiene status. DEC staff will then 
demarcate in the field the boundaries of the 
reserves and record them. Areas not requiring 
treatment are also identified at this time. 
  

Tree marking 

Tree marking is carried out by trained DEC 
teams from the Jarrahdale work centre.  
 
Tree marking techniques are currently being 
reviewed to ensure biodiversity values are 
maintained during follow-up activity. 
 

Non-commercial notching 

Notching is undertaken by field crews once the 
areas have been marked. Notching takes place 
from April through November depending on 
weather conditions.   
 

Non-commercial cut-stump 

In areas accessed by the public or major 
internal tracks, cut-stump is used in preference 
to notching. This reduces the hazards to track 
users.  

Surveys 

Post-treatment surveys are undertaken to 
determine the level of success of the 

treatments.  These surveys measure a range 
of criteria that are then fed back into the 
catchment models.  They also form part of the 
KPIs for the project.  

Communications 

A Communications Strategy has been 
prepared for the Wungong Catchment Trial 
and is providing an effective platform on which 
to engage with stakeholders and the 
community. 
 
A separate Communications Strategy outlining 
the public submission process for the Interim 
Silviculture Guidelines (DEC, 2007a, 2007b, 
2007c) has also been prepared. The process is 
expected to begin early in 2009 when 
invitations to provide comment will be 
advertised. 
 
An independent Social Impact Assessment is 
also being carried out by independent 
researchers. This research will span the next 
1-2 years and will provide information on 
participants perceptions of forest management 
practices.  
 
The Wungong website provides publications, 
historical and current information together with 
monitoring and research updates related to the 
Trial. In addition, the project has established 
forest demonstration sites with walk trails in 
Jarrahdale. 
 

OBSERVATIONS AND DISCUSSION 

Hydrology 

Since 1975 when the streamflow into dams 
averaged 350 billion litres per annum, it has 
fallen to one-quarter and in 2006 to one-sixth. 
 
In Wungong Brook, the Vardi road gauging 
station has been operating for 21 years. Of the 
six records for lowest flow, five have occurred 
in the last eight years. 
 
Until recently, this Brook was considered to be 
perennial. In 2006, a very dry year, the stream 
ceased to flow for about 12 weeks and even 
the larger pools were dry. The stream also 
ceased to flow in the following summer, even 
though the 2007 rainfall was above average. 
 
These changes in flow volumes and flow 
patterns of forested streams have already had 
measurable effects on stream fauna (Aquatic 
Research Laboratory, 2007). 
 
Regional water tables have fallen by as much 
as 12 metres in the past 30 years, assuming 
that the specific coefficient of the soil is taken 
as 8 per cent. 
 



The key hydrologic process operating is 
evapotranspiration by trees and the 
understorey. In the jarrah forest this can 
account for 90 to 95 per cent of the annual 
rainfall. The forest is now using more water 
than is available through rainfall. It is 
essentially ‘mining’ the reserves that are stored 
in the soil profile and watertable. 
 
All these indicate that the forest is now using 
more water than is available through rainfall. 
 
Data provided by DEC on the ‘Soil dryness 
index’ show that the upper layers of soil, the 
litter, heavy fuels and living vegetation are 
becoming progressively drier.  
 
Jarrah trees have died from drought stress on 
shallow soils close to exposed rock surfaces. 
What is most concerning is that some of these 
trees are very large, probably 120–150 years 
old.   
 
Hydrologists and water supply engineers have 
noted that the reductions in yield appear to 
follow a step-like process, which is then difficult 
to reverse. For example, at the Cobiac gauging 
station, a rainfall of 967 mm in 2006 now yields 
only one-third the flow of a similar rainfall 10 
years ago!  
 
In that time watertables have fallen, by about 
3–5 m on upland sites and 1–2 m on lower 
slopes. 
 
Most flow in the jarrah forest is by ‘interflow’ 
that occurs within a metre or so of the soil 
surface. These flows then raise the shallow 
watertable, the swamps and near-stream 
zones become saturated and then act as a 
‘roaded’ catchment. Any rain that hits these 
wetted areas cannot penetrate into the soil and 
will then flow into the stream. A fall in the 
shallow watertable means that the ‘sponge’ 
that needs to be filled before any streamflow 
can occur is much larger (Department of 
Environment, 2003).  
 
It is now believed the cause of these 
anomalous results is this disjunction. 
 

Other Factors 

All these effects may not be solely due to 
‘climate change’ or factors outside of our direct 
control. While lower rainfall is a key driver of 
change, other factors should also be 
considered.  
 
For example the changes to our forest since 
1829. The original forest was dominated by old, 
large, mature to overmature trees; it was burnt 
on a very regular 2–4 year cycle by the 
Noongar people and had a sparser 

understorey. There was no logging, dieback, 
bauxite mining or roads. Access by rail and 
road began in the 1880s and by the 1920s the 
entire Wungong catchment and much of the 
western jarrah forest had been logged. Most of 
this area was then burnt under wildfire 
conditions, but regenerated successfully.  
 
The logging and burning changed the structure 
and composition of the forest. Most areas were 
then logged again, some as much as four 
times since 1880. The current forest on water 
supply catchments is now dominated by 
regrowth trees, some up to 120 years of age. 
The density (as measured by basal area) is not 
much different from that of the virgin forest but 
there are now many more, smaller trees on 
each hectare.  
 
Selective logging for jarrah also increased the 
proportion of marri in the forest. While most 
areas regenerated well, the proportion of 
Allocasuarina has increased. There are now 
thickets of Allocasuarina on sites where only 
large jarrah stumps can be seen. Dieback 
disease was introduced into the western jarrah 
forest in about the 1920s and was well 
established in the Wungong catchment by the 
1940s, when the first aerial photos became 
available. The disease spread rapidly during 
the wetter period between 1950 and 1970 and 
is now found over hundreds of thousands of 
hectares.  
 
Bauxite mining began in this forest in 1964 and 
now, some 40 years later, 14 000 ha have 
been mined and rehabilitated. 
 
In consideration of these landscape-wide 
changes, it is reasonable to deduce that the 
following factors are now playing a more 
significant role in affecting streamflow. 
 
The now overstocked forest transpires more, 
which has in turn caused a drop in watertables. 
Data show that the jarrah forest is now 
overstocked with younger regrowth resulting 
from past commercial operations. It also now 
contains a high proportion of smaller trees that 
not only transpire more than larger trees for the 
same basal area, but are only suitable for use 
as re-constituted materials, bio-fuels or bio-
energy, and are currently not able to be 
utilised. 
 

Past Practices – A Fresh Look 

The understorey can account for up to 30–40 
per cent of the total evapotranspiration. If the 
understorey is denser, it too will transpire more 
and cause a drop in watertables. As a result of 
lengthening these prescribed burning rotations 
from about 2–4 years (Noongar) to 5–7 years 



(Forests Department) to about 10–12 years 
(DEC), the understorey is now thicker. 
 
Bauxite mining also has altered the sub-
surface, interflow patterns and the rehabilitation 
is too dense, and transpiration has increased 
and runoff reduced. By removing the bauxitic 
layer, by deep ripping, by ensuring that any 
surface runoff is captured within the pit and by 
seeding densely with native shrub and tree 
species, data show that mining has severely 
reduced streamflows in some catchments. This 
practice is currently required as part of a water 
quality protection regime, formed when there 
was plenty of water to protect. 
 
Many areas of the forest that are now 
overstocked have been allocated either a 
‘formal’ or ‘informal’ reserve status as per the 
Forest Management Plan 2004–2013 
(Conservation Commission, 2004). For 
example in the Wungong catchment, 40 per 
cent of the total area is not available for any 
form of silviculture and prescribed burning is 
now carried out at intervals of at least 10–12 
years, possibly longer. 
 
Dieback disease is the exception. By killing 
many species in both the overstorey and 
understorey, dieback disease has in fact 
increased the water yield from affected areas. 
Also, many of the dieback areas are close to 
streamlines and contribute to enlarging the 
‘source area’ for flow.  
 
The Water Corporation believes that the 
situation is retrievable — or at least in part, if 
leading agencies are willing to work together as 
true partners in the management of these 
forests. Land management policies that were 
developed at a time when the hydrologic 
regime was different need to be re-examined to 
reflect the current situation.  
 
The current investment in infrastructure 
including dams, pipelines and treatment plants 
in these areas now exceeds one billion dollars. 
In addition, each hectare of forest on surface 
water catchments in the higher rainfall zone 
can have an annual yield of good quality water, 
valued at between $1,000 and $1,500 per 
hectare. 
 

Silviculture and Forest Health 

A forest ecosystem that is managed with 
appropriate silviculture will not only yield useful 
products for our use, but will also increase the 
water available for use by the remaining trees, 
the understorey plants, the soil organisms, the 
stream flora and stream fauna. Eventually 
more water will also flow into dams and be 
available for use by humans. There are 

considerable research data from the jarrah 
forest to support these statements.  
 
A forest ecosystem where water and nutrients 
are not limiting factors will be a healthier 
ecosystem. There are data from the 1980s, 
when rainfall was higher, that show that the 
growth rates of jarrah are severely reduced at 
densities in the range of 20–25 m

2
 in basal 

area, due to competition for these scarce 
resources. Much of the forest now well 
exceeds this density.  
 
Significant ill-health and extensive drought 
deaths are a real possibility in the future. Trees 
such as jarrah and marri are very long-lived 
organisms (150 to 300+ years) and have 
therefore developed multiple strategies to cope 
with threatening processes such as unusual 
weather, fire, climatic change and attack by 
insects and fungi. However, because of their 
great age, these older trees may not 
necessarily be in balance with the current 
environment, especially at a time of rapid 
change.  
 
While many elements of the jarrah forest will 
survive there may be considerable ecological 
change with a shift to the hardier, more drought 
tolerant plants as well as the suites of animals 
and insects that prefer these plants. While 
jarrah also grows in lower rainfall areas it is 
more open, lower in height, smaller in girth and 
has a lower basal area. Significant shifts in 
plant populations can occur over a 30–40-year 
period. The areas that are likely to be most 
negatively affected in the early phases are the 
stream ecosystems. These negative effects 
can already be measured. 

 

CONCLUSION 

Despite the early stages of this project, it has 
shown that the findings of this project can yield 
vital information to assist with the management 
of a forested catchment in a drying climate. 
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