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Curriculum Framework  
and Student Outcome links
This excursion can contribute to the following outcomes:

Science
Working Scientifically
Investigating

Students investigate to answer questions about the 
natural and technological world, using reflection and 
analysis to prepare a plan; collect, process and interpret 
data; communicate conclusions; and to evaluate their 
plan, procedures and findings.

Communicating Scientifically

Students communicate scientific understanding to 
different audiences for a range of purposes.

Acting Responsibly

Students make decisions that include ethical consideration 
of the impact of the processes and likely products of 
science on people and the environment.

Science in Society

Students understand the nature of science as a human 
activity.

Understanding Concepts
Life and Living

Students understand their own biology and that of other 
living things, and recognise the interdependence of life.

Natural and Processed Materials

Students understand that the structure of materials 
determines their properties and that the processing of 
raw materials results in new materials with different 
properties and uses.

Mathematics
Measurement
Students use direct and indirect measurement and 
estimation skills to describe, compare, evaluate, plan and 
construct.

Society and Environment
Investigation, Communication and Participation

Students investigate the ways in which people interact 
with each other and with their environments in order to 
make informed decisions and implement relevant social 
action.

Place and Space

Students understand that the interaction people have 
with places in which they live is shaped by the location, 
patterns and processes associated with natural and built 
features.

Resources

Students understand that people attempt to meet their 
needs and wants by making optimum use of limited 
resources in enterprising ways.

Natural and Social Systems

Natural Systems: Students understand that the 
interdependence of elements of the natural system and 
the dependence and impact of people on natural systems 
influence the nature of communities.

English
Listening

Students listen with purpose, understanding and critical 
awareness in a wide range of situations.

Introduction
This program will encourage students and teachers to explore the complex and often-
emotive issue of timber harvesting in Western Australian native forests within the 
framework of timber as a renewable and sustainable resource.

The pre and post-excursion activities and information have been prepared for the 
EcoEducation Sustainable forests excursion at Wellington Discovery Forest.

The Sustainable forests excursion provides valuable fieldwork and insights into many of 
the ecological and ethical issues surrounding the use of timber as a sustainable resource.
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Cluster of Core Shared Values
Environmental Responsibility

The commitment to developing an appreciative awareness 
of the interdependence of all elements of the environment, 
including humans and human systems, and encourage a 
respect and concern for Australia’s natural and cultural 
heritage and for forms of resource that are regenerative 
and sustainable.

Senior School curriculum links
Geography Unit 2B
Sustainable forests can be used as the context for study 
in Unit 2B within the area of the geography of sustainable 
resource use.

Society has always made use of forests for food, shelter 
and a source of other valuable resources. Wood is an 
important renewable resource which is used for flooring, 
construction, furniture, heating and paper. It has many 
benefits as a building material since it sequesters and 
stores carbon from carbon dioxide, directly reducing the 
amount of this greenhouse gas in the atmosphere. In 
addition, its processing requires a fraction of the energy 
and therefore carbon emissions of alternative materials 
such as concrete, plastics and metals.  

Sustainable forests explores the management of forests to 
provide a sustainable source of timber and other products 
while reducing the risk to the natural environment and 
maintaining or enhancing biodiversity, as well as ensuring 
that the forests can still be enjoyed for their many other 
values. It examines the process of timber harvesting and 
protecting forests as part of a holistic forest management 
strategy. The program addresses:

•	 the history of forestry in WA and the contribution of 
foresters to our conservation estate

•	 the physical and cultural features of the jarrah forest and 
the history of the timber industry in the area

•	 the use of ecologically sustainable forest management 
as a strategy for maximising timber harvests while 
protecting and enhancing biodiversity.

Outcome 1: Geographical inquiry

Students investigate the interactions that occur within a 
forest ecosystem and as a consequence of community 
need for a source of timber which is sustainably managed. 
To contribute to this outcome, students:

•	conduct investigations using geographical inquiry 
methods in an area of forest which contains trees 
suitable for harvest

•	process and translate the information gained from the 
fieldwork to draw conclusions on appropriate treatment 
of the sampled area for a sustainable timber harvest

•	evaluate and communicate their findings.

Outcome 2: Features of places

Students understand that features of the jarrah forest 
are shaped by climate and landforms and by our use and 
management of forest resources. To contribute to this 
outcome, students:

•	understand the natural features which have contributed 
to the biodiversity and ecosystems of our region

•	understand how the uses humans make of the forest 
can change it and how an understanding of the system 
allows us to manage these impacts

•	understand how our management of the forest can 
replicate natural processes.

Outcome 3: People and places

Students understand that the interdependence of people 
and forests is shaped partly by the ways that people use 
ecologically sustainable forest management as a guiding 
philosophy for timber harvesting. To contribute to this 
outcome, students:

•	understand that there is an interdependent relationship 
between people and forests. Through examination of 
the many forest values students understand that the 
forest provides many essential resources. Responsible 
management can ensure a sustainable supply of these 
resources

•	understand that people view and value the forest 
environment in different ways

•	understand that the degree to which people adopt 
sustainable practices and solutions in harvesting timber 
influences the nature of its impact on forests.

Geography – Other
The issues addressed within Sustainable forests mean that 
it is also relevant to other areas of the geography syllabus:

•	Unit 1A within the broad area of environments at risk

•	Unit 1B within the broad area of the geography of 
people and places

•	Unit 3B within the broad area of the geography of 
climate change over geological time.

Biological Sciences
Sustainable forests examines many aspects of the 
biology and management of jarrah forests which we 
need to understand to balance the many uses of the 
forest with conservation of biodiversity and functionality 
of ecosystems. This program therefore addresses the 
outcomes of the Biological Sciences curriculum.

Sustainable forests can be used as the context for study 
in a number of units within the Biological Sciences 
curriculum. It addresses the content area of Ecosystems: 
biodiversity and sustainability at a number of levels:

•	Unit 1A and 1B within the broad area of the  
local biology. 

•	Unit 2A by examining factors affecting productivity in 
communities 

•	Unit 3A within the broad area of maintaining balance, in 
particular by looking at productivity of ecosystems and 
harvesting of natural resources 

Sustainable forests also provides a range of fieldwork 
skills which significantly contribute to the content area of 
Working as a biologist.
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Outcome 1: Investigating and communicating in 
biology

Students investigate the living world, collect and evaluate 
biological data and communicate biological ideas. To 
contribute to this outcome, students:

•	plan and conduct investigations concerning tree health 
and the management and monitoring of jarrah forests

•	analyse data collected during fieldwork to draw 
conclusions about ecosystem health and vitality

•	communicate their findings.

Outcome 2: Biological systems

Students understand factors involved in interactions of 
biological systems with the environment. To contribute to 
this outcome, students:

•	understand the various functions of different biological 
subsystems within the jarrah forest

•	understand the relationships between the environment 
and the biological systems of the jarrah forest

•	understand how our use and management of forests 
impacts the biological systems within them.

Outcome 3: Biological change

Students understand that biological systems change over 
time. To contribute to this outcome, students learn about 
the biological changes in response to environmental 
factors which have led to the evolution of the current 
jarrah forests and changes as a result of human impact.

Earth and Environmental Science
Sustainable forests can be used as a context for study in:

•	Unit 1A, Our Earth and environments, in particular 
within the content area Living Earth

•	Unit 2B, Sustainable Earth and environments

•	Unit 3B, Complex Earth and environments, in particular 
within the content areas Living Earth and Earth 
resources.

Integrated Science
Sustainable forests can be used as a program to address 
study of stage 1 units, covering the contexts of forestry, 
sustainability and land care.

Overview
The Sustainable forests program aims to develop 
awareness in secondary students of the impact of 
timber harvesting in native forests in the south-west of 
Western Australia, the role of government agencies in 
managing this resource and the importance of biodiversity 
conservation in sustainability of the resource. 

The Department of Environment and Conservation (DEC) is 
responsible for the management of public land in national 
parks, state forests and other reserves for multiple uses. 
In conjunction with the Forest Products Commission (FPC) 
and the Conservation Commission of Western Australia, 
it develops policy, legislation, guidelines and practices for 
sustainable forest management to provide a sustainable 

source of native hardwood while ensuring biodiversity is 
protected or enhanced and other values and uses of the 
forest are maintained.

Students are encouraged to explore the benefits of timber 
as a renewable resource and the management and ethical 
issues surrounding its harvesting.

The program has four elements:

1. Professional Learning Day for teachers
This is optional but highly recommended. Many of 
the issues surrounding the management of our timber 
resources are complex and students will gain the most 
from their excursion if the teacher is able to provide 
sound prior knowledge.

2. Pre-excursion tasks
Teachers are provided with a number of information 
and worksheets which will give students some 
knowledge of the benefits of timber as a building 
material and an outline of forestry and timber 
harvesting.

Task 1: About wood

Task 2: Forests, timber and climate change

Task 3: Forests and forestry in WA

Task 4: Timber harvesting in native state forests

Task 5: Silviculture in the jarrah forest

Task 6: Measuring trees with your thumb – an activity 
which could be carried out in a maths class

Task 7: Releasing trees from competition

3. Excursion to an EcoEducation centre
Workbooks are provided to guide students through the 
day’s activities which are:

•	a	presentation	covering	the	geography	and	history	
of the area

•	a	forest	walk	in	which	students	are	introduced	
to the main plants of the jarrah forest and the 
interrelationships between different elements of 
the ecosystem

•	an	examination	of	the	effects	of	past	logging	
practices

•	a	forest	inventory	to	determine	the	volume	and	
quality of wood at the site

•	an	activity	on	the	management	of	dieback	
(Phytophthora cinnamomi)

•	a	discussion	and	conclusion.

4. Post-excursion tasks
Post excursion tasks consolidate the information gained 
from the excursion and evaluate the data gathered 
during the course of the fieldwork.

Task 1: Analysis of timber inventory data gathered

Task 2: Conclusions about appropriate silvicultural 
treatment of the site

Task 3: Development of a forest management plan for 
Wellington Discovery Forest
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Resources
Note: Items marked with an asterisk are included in a 
confirmation package along with pre and post-excursion 
material when a booking is made. Other materials are 
available from the EcoEducation website or by following 
the link where provided.

•	Student	information	and	worksheets*

o About wood

o Forests, timber and climate change

o Forests and forestry in WA

o Timber harvesting in native state forests

o Silviculture in the jarrah forest

•	Pre	and	post-excursion	activities*

o Measuring trees with your thumb

o Experiment – Releasing trees from competition

o Forest manager for a day

•	Conservation and Use of Western Australian Forests – 
The perspectives of WA foresters, Roger Underwood 
and Jack Bradshaw (Editors), The Institute of Foresters of 
Australia,	2000*

•	Forest	Products	Commission	website	www.fpc.wa.gov.au

•	Department	of	Environment	and	Conservation	website	
www.dec.wa.gov.au

•	Forest Management Plan 2003–2013, Conservation 
Commission of Western Australia, which can 
be downloaded at http://www.dec.wa.gov.au/
ecoeducation/resources/downloads/doc_download/107-
forest-management-plan-2004-2013.html 

•	Conservation	Commission	of	WA	website	 
www.conservation.wa.gov.au

•	Montreal	Process	website	 
http://www.rinya.maff.go.jp/mpci

•	Robinson	R	(2004).	Keeping our forests in check 
LANDSCOPE 19(3) pp. 56–61 

•	Other	reference	materials

o Australia’s criteria and indicators of sustainable 
forest management 2008

o Environmental benefits of timber, Forest Products 
Commission

o A minefield in the forests, ECOS magazine October 
2010, CSIRO
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Ecologically sustainable forest 
management
Ecologically sustainable forest management (ESFM) 
is the guiding philosophy for forest conservation and 
management in WA. It recognises that the forest is a 
complex ecosystem and that timber harvesting or any 
other activity should not adversely affect the biodiversity 
of our forests. ESFM is founded on five principles:

1. Sustainable decision making: That the decision-
making process should effectively integrate both long-
term and short-term economic, environmental, social 
and equitable considerations.

2. Precautionary principle: That if there are threats of 
serious or irreversible environmental damage, the lack 
of full scientific certainty should not be used as a reason 
for postponing measures to prevent environmental 
degradation.

3. Intergenerational equity: That the present generation 
should ensure that the health and diversity of the 
environment is maintained or enhanced for the benefit 
of future generations.

4. Conservation of biodiversity and ecological 
integrity: That the consideration of biological diversity 
and ecological integrity should be a fundamental 
consideration in decision making.

5. Efficiency: That improved valuation, pricing and 
incentive mechanisms should be promoted.

Markets, particularly in Asia, Canada and many European 
countries, are increasingly demanding that timber is 
sourced from sustainable harvesting operations. This 
trend is also growing in Australia as manufacturers and 
consumers become more aware of issues surrounding 
sustainability. Some countries in Europe will not accept any 
imports of timber unless they are certified as coming from 
forests which have an independent and internationally 
recognised certification as being sustainably managed.

Forestry professionals, environmentalists, governments 
and landowners are increasingly working to define and 
implement sustainable forest management. From their 
efforts, two distinct but related tools have emerged that 
help guide and measure forest management decisions and 
outcomes. Processes using criteria and indicators (referred 
to as ‘C&I’) provide a framework for determining the 
status of ecological, economic and social conditions of 
forests. Forest management certification evaluates forest 
management practices against a set of standards.

Sustainable forest management has used a number of 
different frameworks. The most widespread framework is 
based on the Montreal Process C&I. These were developed 
by a number of member countries to be used in temperate 
and boreal forests. These member countries occur in five 
of the seven continents and together represent about 90 
per cent of the world’s temperate and boreal forests, as 
well as areas of tropical forests, and 60 per cent of the 
world’s forests in total. The Montreal Process C&I has 
seven criteria which are:

Criterion 1 Conservation of biological diversity

1.1 Ecosystem diversity (five indicators)

1.2 Species diversity (two indicators)

1.3 Genetic diversity (two indicators)

Criterion 2 Maintenance of productive capacity of forest 
ecosystems (five indicators)

Criterion 3 Maintenance of forest ecosystem health and 
vitality (three indicators)

Criterion 4 Conservation and maintenance of soil and 
water resources (eight indicators)

Criterion 5 Maintenance of forest contribution to global 
carbon cycles (three indicators)

Criterion 6 Maintenance and enhancement of long-term 
multiple socio-economic benefits to meet the needs of 
societies

6.1 Production and consumption (six indicators)

6.2 Recreation and tourism (three indicators)

6.3 Investment in the forest sector (four indicators)

6.4 Cultural, social, and spiritual needs and values 
(two indicators)

6.5 Employment and community needs (four 
indicators)

Criterion 7 Legal, institutional, and economic framework 
for forest conservation and sustainable management

7.1 Legal framework (five indicators)

7.2 Institutional framework (five indicators)

7.3 Economic framework (two indicators)

7.4 Measure and monitor changes (three 
indicators)

7.5 Conduct and apply research and development 
(five indicators)

They provide a common framework to describe, assess 
and report. However, they also provide a common 
understanding of what is meant by sustainable forest 
management. The benefit of this framework is to provide a 
holistic approach to forests as an ecosystem that addresses 
the full range of forest values. No single criterion alone is 
an indication of sustainability. Management practices need 
to be considered in the context of all the criteria.

The C&I framework has been adopted by many forest 
certification standards around the world. Forest 
certification is a process in which the environmental, social 
and economic integrity of a managed forest is assessed 
and certified by a credible third party. The purpose 
of forest certification is to provide manufacturers and 
consumers with the option to choose products from a 
certified sustainably managed forest.

Forest certification also encourages forest managers 
to meet sustainable forest management objectives 
by distinguishing their products from less sustainably 
managed forests.
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FORESTCHECK
FORESTCHECK was developed over two years with input 
from scientists and managers within DEC, and from 
universities and other government agencies. Monitoring 
by DEC’s Science Division began in 2002. The project 
stems from state, national and international obligations to 
ensure that our forests and woodlands are managed in an 
ecologically sustainable manner. FORESTCHECK is included 
in the Australian network of long-term ecological research 
(LTER) sites. This inclusion links Western Australian 
forests to a worldwide network of sites dedicated to 
multidisciplinary, long-term site-based research at a range 
of scales. 

FORESTCHECK: 

•	makes a significant contribution to forest science 

•	 informs forest managers on changes and trends in key 
elements of forest biodiversity 

•	provides a framework for meaningful public participation 
in forest management 

•	provides relevant information to allow DEC to comply 
with reporting requirements associated  
with sustainable forest management. 

Forest management issues
Program elements:

• Excursion fieldwork

The issues which need to be considered in the 
management of sustainable timber harvesting are in 
general issues that have a broader application in all areas 
of multiple-use forest management. The increased activity 
associated with any timber harvesting activity in native 
forests means that these issues need to be considered in 
detail at the site level in the planning and execution of 
each harvest.

Fire
The high flammability of leaf litter on our forest floors and 
the Mediterranean climate with its long summer drought 
mean that the south-west of WA is classified as fire prone. 
Fire is a natural part of our forests and the biota within the 
ecosystem has adapted over millions of years not only to 
survive regular fire but in many cases to require it. Changes 
in fire regimes since European settlement are a key 
threatening process to biodiversity. Fire scar records from 
the trunks of balga (Xanthorrhoea pressii) suggest that 
prior to European settlement, fires occurred every four to 
10 years. Suppression of natural fires leads to a dangerous 
build up of fuel load resulting in very hot and destructive 
fires which exceed the natural defenses of flora and from 
which fauna cannot easily escape.

In addition, the leaf litter layer suppresses germination 
of many seeds. Seeds of some important nitrogen fixing 
plants such as acacias and legumes require the heat 
or smoke of a fire for germination. A cool fire returns 
nutrients in the leaves to the soil, provides bare ground for 
the germination of small seeds and stimulates germination 
of many important middle and understory species.

Prescribed burning is intended to mimic the natural 
patterns of fire as much as possible including a mosaic of 

hotter and cooler fires which encourages biodiversity. In 
timber harvesting operations, fire may be used to improve 
access, to stimulate the development of lignotubers 
or to remove ‘tops’ – branches and other material of 
no commercial value left after harvesting which would 
otherwise contribute to a dangerous fuel load.

Interestingly, the disturbance of a harvesting operation in 
many ways replicates the disturbance of fire and provides 
bare ground and gaps in the canopy which our native 
species require to successfully germinate and grow.

Soil protection
Topsoil in the jarrah forest is thin, fragile and highly 
susceptible to erosion following disturbance for any 
purpose unless steps are taken to mitigate this. This 
includes for agriculture, housing, roads, harvest ‘snig’ 
tracks and ‘log landings’ (log stockpile areas) and visitor 
facilities such as camp sites, picnic areas and car parks.

Apart from the loss of valuable topsoil, erosion results 
in silting of waterways and dams and a reduction in the 
quality of water obtained from our forests. The effects 
of erosion can be mitigated through appropriate surface 
water management and ensuring waterways retain good 
vegetation cover along their banks during any disturbance 
operation.

In timber harvesting operations, many factors are taken 
into consideration to ensure no significant erosion 
occurs. Stringent regulations apply to the construction 
of access roads, stream crossovers and log landings 
and consideration is made for the slope of any area to 
be harvested. Wide buffer zones are included along all 
waterways and some roads to protect water quality, to 
conserve biodiversity and for aesthetic reasons.

Another important issue for soil health is compaction. 
Heavy machines—tractors, harvesters and wheeled 
loaders—can damage soil by compacting the surface 
layers, mixing topsoil with subsoil and destroying soil 
structure. Soil damage is a common problem in agriculture 
and a risk during timber harvesting in plantations and 
native forests, particularly when soils are saturated. 

Scientists from DEC have studied the effects of timber 
harvesting on soils in the jarrah and karri forests, the 
impacts of soil disturbance on the vegetation in these 
forests, and the effectiveness of treatments in reducing soil 
disturbance. These studies also contributed to developing 
and implementing the Montreal Process criteria and 
indicators in Australia, and meeting requirements of the 
Forest Management Plan.

Phytophthora cinnamomi (dieback)
Phytophthora cinnamomi is an exotic water mould which 
obtains its nutrients from the cambium of other plants 
by entering their roots. In doing so, it inhibits the uptake 
of water and nutrients of the host plant, killing it. Once 
known as jarrah dieback, it affects approximately 40 per 
cent of our native species in addition to many introduced 
commercial and decorative plant species. Dieback moves 
rapidly downhill in surface and subsurface water, but 
slowly on level ground or uphill by root to root contact 
between plants at around one metre peryear.
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However, the principle cause of spread is by the 
movement of infected soil by a range of mechanisms 
including the transport of the infested soil, the use of 
uncleaned machinery in road making, on vehicle tyres and 
undercarriages and also on the hooves of domestic and 
feral introduced stock such as pigs. The most effective 
way to control the spread of dieback is through separation 
of infested and uninfected areas. This includes the 
interpretation and mapping of the disease status of areas 
to be accessed, combined with the application of disease 
hygiene. These hygiene measures can range from simple 
actions such as cleaning shoes and the installation of 
foot baths, to more labour intensive measures to inspect, 
brush-down or wash-down vehicles and machines. 

Dieback interpretation is carried out on any site to be 
harvested and the potential for distribution of the disease 
will influence the route of access roads and time of 
harvesting. Harvest planning—for areas infected with 
dieback and those that are uninfested—will ensure 
that harvesting occurs in a way that reduces the risk of 
infestation of dieback-free areas from infested areas. 
High standards of bio-security hygiene are required from 
contractors in these circumstances.

During silvicultural treatment, infected areas will also 
typically be left with a higher stand density which serves 
to regulate the ambient temperature, lower the watertable 
and reduce the likelihood of changing the soil moisture 
conditions to advantage the fungus and intensify the 
disease expression.

Introduced species
Two introduced animals which have a significant impact 
on our native wildlife are the fox and the feral cat. In many 
of our forests these are controlled using baits containing 
1080 poison (sodium fluoroacetate), which occurs 
naturally in certain varieties of native pea family plants in 
south-west Australia and to which our native animals are 
resistant.

Harvesting of timber from our forests reduces the amount 
of ground cover in the short term and may temporarily 
reduce habitat, leaving native animals more susceptible to 
predators. For this reason, extra baiting may be carried out 
prior to and following harvest to help provide additional 
protection from introduced predators.

There are a number of other introduced animals which 
are known to impact on forest biodiversity.  These include 
rabbits, goats and pigs and can have significant impacts 
as result of grazing pressure, disease spread and soil 
degradation. Control activities for these and other pest 
species are undertaken according to an annual program, 
developed by the department. DEC’s Western Shield is 
leading efforts to reduce these feral species and is involved 
in programs of monitoring, recovery and translocation, if 
necessary, of threatened native species.

Introduced weeds can have a significant impact on some 
parts of the forest environment. The department maintains 
records of the location of a number of these species, and 
undertakes ongoing eradication and control programs. It 
may also be necessary to carry out post-harvest checks 
for invasive weed species and to take control measures 
where weeds of national significance or other significant 
environmental weeds are identified.

Forestry and climate change
Program elements:

• Pre-excursion activity –  Forests, timber and climate    
  change notes and worksheet

It is a common misperception that timber harvesting 
in native forests contributes to human-induced climate 
change. It is true that deforestation is a significant 
contributor to increased carbon dioxide levels in the 
atmosphere. However, it is very important to distinguish 
between deforestation and sustainable timber harvesting. 
In most cases, deforestation is a result of either clearing 
for urban development or infrastructure (roads, power 
and phone lines, gas and water pipes) or clearing for 
agriculture – most often for annual crops with limited 
carbon sequestration potential and/or for grazing stock 
which releases large amounts of methane, another 
greenhouse gas.

Timber harvesting reduces the amount of standing carbon 
in a forest for a lengthy period and the impact on the 
overall carbon balance is heavily dependent on what 
happens to the carbon removed in the harvest. It is most 
beneficial for mitigation where the carbon harvested from 
forests is locked up for a long time before being released 
to the atmosphere.

Sustainable harvesting requires growing new forest where 
harvesting has taken place. Actively growing forests 
sequester considerably more carbon from the atmosphere 
than mature forests and carbon can be locked up for many 
years in the products created from the harvested timber.

Forest inventory
Program elements:

• Excursion fieldwork

• Post-excursion activity – Forest manager for a day

A valid question which arises is not whether it is 
ecologically sustainable to harvest timber from our native 
forests but whether it is economically sustainable – in 
other words, if we are being ecologically sustainable, 
can we produce a sufficient yield of sawlogs and other 
products to support a viable timber industry?

For any timber harvesting to be sustainable, it should be 
obvious that one condition of sustainability is that no 
more timber can be taken out of a forest over a given time 
period than grows during that time. Measuring trees in a 
given area over a number of years allows us to determine 
the growth rate and therefore the volume of wood 
produced per year. Assessment of trees and quality of 
wood is also necessary to determine the expected yield of 
different products such as sawlogs, poles and chipwood, 
for example. By making measurements and predicting the 
growth, estimates can be made of how much wood is 
available from an area at any point in time and therefore 
that level of demand can be met sustainably.

Classroom discussion of this topic should guide the 
students towards thinking not only about the volume of 
wood in a tree, which is a fairly straightforward exercise in 
mathematics, but also about how other characteristics of 
the tree may affect the amount of usable timber product 
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that can be extracted from it and how the density of trees 
may affect their growth rates.

It is clearly impractical to measure all the trees within a 
harvest coupe so a number of random plots are sampled 
and the results extrapolated to a wider area.

The two common methods of forest inventory are variable 
radius and fixed area sampling. Variable radius sampling 
typically uses a prism and gives a quick measure of stand 
basal area which is a reliable indicator of stand volume. 
Fixed area sampling may take longer but usually includes 
more information for more detailed planning.

Stand basal area
Stand basal area is an important measurement in forestry 
because it can give us an indication of tree volume 
and forest site quality and also because it allows us 
to determine whether the density of a stand of trees 
is suitable for planned treatments. Stand basal area is 
expressed in square metres per hectare (m2/ha) and is 
the sum of the cross-sectional area at breast height (1.3 
metres) of all the tree trunks per hectare. In the western 
jarrah forest, a stand basal area of around 25m2/ha seems 
to be the optimum for timber production.

Since it is impractical to measure all the trees in a forest, a 
sample area is measured and the density is calculated from 
that. Since the structure of the forest varies from place 
to place, we can increase the accuracy of our estimate by 
increasing our sample area or by using multiple sample 
areas and calculating the range, averages and variability 
using statistics.

Fixed area sampling
A fixed area plot, as its name implies, is a sample area of 
a fixed size. Typical fixed plots in a native forest have an 
area 200m2. If we measure the diameter of each tree in 
this plot, and assume that the plot is representative of the 
whole forest, then it is simple to calculate the stand basal 
area in m2/ha from the basal area of all the trees and the 
area of the plot using:

         

Where:
   stand basal area 

•	   is the sum of cross-sectional area of all 
 trees in the plot (in m2)

•	   is the area of the fixed radius plot 
 (in hectares) 

As with any statistical measurement, the larger the plot 
and the more sample plots that are measured, the more 
accurate the results will be.

It is important that the plot is located in the correct 
place for each inventory. Many of the plots were first 
established in the 1890s and have to be located by use of 
stereoscopic aerial photos. Sustainable resource officers 

will then find the area and determine the extent of the 
plot by identifying trees from the description given in 
the last inventory, and from this the centre point can be 
determined. These days, of course, these points are often 
recorded by GPS.

A fixed area plot provides the greatest amount of 
information about expected quality and quantity of timber 
yields since many other measurements are also made, but 
is also very time consuming. The range of measurements 
taken is determined by the information required from each 
inventory.

For calculating the volume of the tree, the following 
measurements are made:

•	Diameter at breast height over bark (dbhob). Breast 
height is a standard measure used for forest assessment 
which is taken as being 1.3 metres above ground level. 
This measurement is done with a diameter tape measure 
around the bole of the tree, but an ordinary tape 
measure can also be used with the formula:  
 
 
 
 
 

•	Height to crown break (where the bole of the tree splits 
into crowning branches). This is done accurately using a 
range finder and an inclinometer, however a reasonable 
estimate can be made by using a metre rule and a tape 
measure as described in the student fieldwork notes.

•	Diameter at crown break. This requires a special 
instrument called a relascope which uses distance from 
the tree, angle of elevation to the measurement point 
and the angle between the sides of the trunk at the 
measurement point.

The amount of sawn timber that can be obtained from a 
given tree depends on a number of factors. These include:

•	Wood quality – this is affected by the amount of rot, 
the presence of gum pockets, growth faults including 
splits and cracks, and external and internal damage by 
fire, and damage by borers or termites. Different species 
have different wood quality traits (at a cellular level) that 
determine the possible applications or end-uses for the 
wood.

•	Diameter of tree – large logs can contain some faults 
and still be economically viable to saw, whereas small 
diameter logs must be almost fault-free to be usable.

•	Length of log – the longer a log is, the more flexibility is 
available to obtain a saleable board. Once again, smaller/
shorter logs must be almost fault-free to be economically 
usable.

•	Location of branches below the crown which result in 
knots in the timber.

•	 ‘Conformation’ of the log – faults include bends and 
sweeps. Bends are sharp angles that can be cut out 
without significantly reducing timber yield, however they 
will reduce the length of timbers which can be recovered 
from the tree. Sweeps are curves in the bole which 
reduce the amount of timber that can be recovered. If 
the sweep is too great it renders the log uneconomic for 
sawing.
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All measurements taken are fed into a sophisticated 
computer program which calculates total expected yield 
from a harvest and also the quality and length of sawlogs 
and other log types based on the size and defects of the 
tree. 

Variable radius sampling
Program elements:

• Pre-excursion activity –  
  Measuring trees with your thumb

Also known as angle count sampling, this counts trees as 
in the sample based on their size expressed by the dbh 
and distance from the sampling point. The number of in 
trees is then used to give us an estimate of stand basal 
area. The idea behind it is that to avoid wasting time 
measuring lots of small trees, we measure them over a 
smaller sample area – each of these trees contributes little 
to the stand basal area so it doesn’t matter if the estimate 
is a little more inaccurate. Also, because smaller trees tend 
to be more closely spaced, a smaller area will still give us a 
reasonably accurate estimate of the density of these trees 
throughout the stand. Since larger trees contribute more 
and are more widely spread, we should sample over a 
larger area to get a more accurate estimate.

The best way to understand how this technique works 
is to consider the idea of a forest with only two sizes of 
trees, 50cm dbh and 10cm dbh. If we measure all trees of 
50cm dbh within a radius of 25m, each of these trees will 
contribute 1m2/ha. This can easily be shown by dividing 
the basal area of the tree in square metres by the area of 
the sample plot in hectares. Therefore all we need to do 
is count the number of trees and it gives the contribution 
in m2/ha of this size of tree. If we use a smaller plot of 
5m radius within which to measure the 10cm dbh trees, 
each of these will also contribute 1m2/ha. Of course, a 
real forest has trees of all different sizes, but we can easily 
imagine a different plot radius for each different size tree 
which will give us that same 1m2/ha.

In other words, a tree is in if it is of a sufficient size and 
within the right distance to contribute 1m2/ha, so in fact 
whether a tree is in or not can simply be determined by 
the ratio of dbh to distance. A larger tree further away 
may be in while a smaller tree has to be closer in order to 
be in. 

This can be determined without actually having to measure 
the distance or dbh, by using a range of instruments 
that take advantage of perspective. A small tree close up 
appears to be the same size as a large tree further away 
so we simply need a gauge which shows us the apparent 
size of the tree when it is at the edge of its plot. If the tree 

looks smaller than the gauge, it is out, if it is larger, it is in. 
If it is the same size, then it is on the boundary of the plot 
radius for that size of tree.

We can actually use any size gauge and calibrate it using 
a straightforward equation based on the ratio of dbh to 
distance for a tree on the borderline of in and out. It is 
even possible to calibrate your thumb. Using the example 
of the 50cm dbh trees, if we halve the area in which we 
count trees, then each tree will now be contributing 2m2/
ha, so our gauge which gives us this result would have a 
basal area factor (BAF) of two.

To get our stand basal area, we multiply the number 
counted as being in by the BAF. A common instrument for 
variable radius sampling is a wedge prism. This is simply a 
glass prism which refracts light by a given amount. When 
a tree is viewed through the prism, a section of its trunk 
appears offset. The pictures below indicate whether the 
tree being viewed is in or out of the sample.

If a tree is borderline, its dbh and distance from the plot 
centre should be measured to determine whether or not to 
count it. A more appropriate method of dealing with these 
trees is to count them as half.   

 IN BORDERLINE OUT

Various types of gauge are also available. The one shown 
in the diagrams below have four different gauge widths 
corresponding to different BAFs. If the tree appears 
wider than the gap, it is in, if it appears narrower it is out. 
When using these kind of gauges, they must be held at a 
predefined distance from your eye and they must be held 
and rotated over a fixed centre point – the person holding 
the gauge must shuffle around this point to view the trees. 

 IN  BORDERLINE        OUT
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Silvicultural treatment of a stand
Program elements:

• Pre-excursion activity – Silviculture in the jarrah forest

• Excursion fieldwork

• Post-excursion activity – Forest manager for a day

Following an inventory, a decision can be made about the 
treatment of this stand. 

Aside from inherent genetic and site factors, a key factor 
that will affect the rate of growth and quality of wood is 
competition between trees. For this reason we measure 
stand density in terms of basal area (square metres per 
hectare) and by counting the number of trees (stems per 
hectare or spha). For a regenerating forest (one that has 
been cut to gap), we need approximately 1,000spha of 
lignotuber pool. At the sapling stage this reduces to about 
500spha, then 250spha at the pole stage with a final 
thinning to result in 125spha of mature trees ready for 
harvest. In the early life of a stand, this attrition tends to 
occur naturally, however from the pole stage intervention 
is usually required to achieve the optimum stand density 
and focus growth on fewer preferred trees.

The silvicultural treatment will depend on the size and 
quality of trees in the stand and the presence or absence 
of a suitably large pool of lignotubers. If there are many 
pole-sized trees with sufficient trees of suitable quality 
to provide a crop, the stand would typically be thinned 
to release the trees from competition. If there are mature 
trees suitable for harvesting or few potential crops trees, 
the treatment will depend on the presence of a lignotuber 
pool. Gap creation will release the lignotuber pool to 
develop vigorous shoots and develop into saplings. If there 
are too few lignotubers then a shelterwood treatment 
would be applied, possibly in conjunction with seeding or 
planting of seedlings.

Students should use the data gathered during field work 
to determine how they would manage the coupe for 
harvesting. This should be done both in individual groups 
and by pooling the data from all plots. Since each plot 
will have different results, groups individually are likely to 
come to different conclusions regarding the appropriate 
treatment and this highlights the need to measure a 
number of samples within a coupe. In reality, areas 
requiring different treatments are identified and managed 
accordingly.

Effects of competition on yields
Program elements:

• Pre-excursion activity –  
  Releasing trees from competition

An important aspect of tree growth and forest health is 
the competition between plants for nutrients, sunlight 
and water. This is a key focus of silvicultural treatments in 
forest management and in many ways these treatments 
mimic natural disturbance processes such as fire and 
storms. Correct treatments not only increase timber yields 
but can also have important benefits for biodiversity 
protection and enhancement. As our climate in the south-
west continues to dry, this becomes more important as 
competition for water increases. 

Reducing competition by thinning not only accelerates 
the growth of trees to a stage where they contain a 
commercially viable timber product but also accelerates the 
development of trees towards a point where they become 
suitable as habitat for nesting animals.

This activity uses a hands-on experiment to examine the 
effects of competition between plants. Students may 
either be given the accompanying experiment worksheet 
or may be extended by asking them, with necessary 
guidance, to devise a similar experiment themselves.

The experiment involves measuring the growth of fast 
growing plants such as beans, peas or sunflowers planted 
in pots at different densities but with sunlight, nutrients 
(quantity of soil) and amount of water kept constant. 
There are two approaches to this experiment. One is to 
plant seeds at different densities. The other, which is 
likely to take longer to show results, is to plant all the 
seeds at the highest density and selectively thin some 
‘stands’ as the experiment progresses. If this experiment 
is commenced early in the school term, the students may 
also end up with a ‘yield’ of beans to eat! Other seeds of 
fast growing plants may also be used, however smaller 
seeds may not all successfully germinate and would be 
better suited to a thinning experiment.

In a class discussion, the following guide questions may be 
used:

•	Measuring the effects of reduced competition by 
thinning in a jarrah forest takes many years due to 
the slow growth of jarrah and also takes considerable 
resources (human resources, harvesting machinery and 
the development of operational management plans 
conforming to policy and legislation, for example). 
How can we show these effects in a shorter time or 
in the classroom? Discussion should lead to the idea 
of examining competition using fast growing plants. 
Different groups may try using different types of plant.

•	Students should think of a hypothesis. How do they 
think increased competition for resources will affect 
the growth and health of individual plants? And of the 
‘stand’ (pot) as a whole?

•	How do we increase competition between plants? 
Students should understand that increased density 
(more plants in the same area) will result in increased 
competition.

•	What other factors may affect the growth rate of 
plants? Discuss the impact of climate, rainfall and the 
use of fertilisers by farmers on crop yield. Through this, 
students should be able to suggest the impact of the 
amount of nutrients and water received. Amount of 
sunlight is another factor. This can be demonstrated 
by the rapid growth of annual crops during the spring 
as cloud cover decreases and daylight hours increase. 
A striking example of this can be found in far northern 
latitudes such as Canada and Scotland, where days 
are very long over summer, where vegetables such 
as tomatoes grow to much larger sizes than in lower 
latitudes.

•	Students should then be asked to think about the 
variables in their experiment. 

o Controlled variables are those factors other than 
competition which will affect growth rate and 
which need to be kept the same. What factors 
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would not change in a stand of jarrah forest if we 
thinned it? Students should be able to determine 
that the amount of soil, water and sunlight need to 
be kept the same for each ‘stand’.

o Independent variables are those things we change 
to observe their effect. In this case, the density is 
the thing we are going to change.

o Dependent variables are those things which we 
will measure to see the effect of changing the 
independent variable. What things may change? 
These include individual plant growth, growth of 
the ‘stand’ as a whole and health of the plants. 

•	Students should now be able to design an experiment by 
asking the following questions:

o How we are going to change the independent 
variable? Planting seeds at different spacings is 
the likeliest outcome, but some students may also 
suggest planting them all at the same spacing 
and ‘thinning’ by removing plants during the 
experiment. If they choose the second option, a 
number of other interesting questions are posed. 
Firstly, this reduces the effect of some seeds 
not germinating, secondly it allows students to 
selectively thin by removing the weakest plants 
which should improve the vigour of the stand as a 
whole.

o How are we going to keep our controlled variables 
the same? Students need to ensure that each 
‘stand’ (pot) contains exactly the same amount of 
soil, receives the same amount of water and that all 
pots are placed with the same amount of sunlight 
available.

o What are we going to measure? Average individual 
plant height in each stand is one of our key 
measures which can easily be done on a daily 
or twice-weekly basis and recorded in a table or 
graphed. Graphing the results may show individual 
growth slowing as competition increases in each 
stand. Plant health is more subjective, but students 
can look at aspects such as leaf colour and general 
vigour and record these observations in a table. 
Total stand growth is difficult to measure on a daily 
basis since stem diameter increment is too small to 
measure, but a single measurement can be done at 
the conclusion of the experiment by either looking 
at yield (if the experiment is continued until fruit 
is borne) or by cutting the entire stand at soil level 
and weighing it to get a measure of total biomass.

•	At this point, students should be ready to write up an 
experimental procedure including tables for recording 
data.

There are many factors which can affect the successful 
outcome of this experiment including student error, 
attacks by pests (up to and including Year 9 students) 
and plant type chosen (some plant types may be 
less susceptible to competition through having lower 
nutrient or water requirements). At the conclusion of 
the experiment students first need to establish if their 
results confirmed their hypothesis. They should then be 
encouraged to examine factors which may have affected 
their results and ways that they may be able to improve 
the experiment in future.

Sustainable forestry management 
plans
Program elements:

• Post-excursion activity –  
  Forest manager for a day

• Post-excursion activity –  
  Planning checklist for disturbance activities 

An important aspect of sustainable forestry is the 
development of a forest management plan (FMP). This 
is a document which sets out the goals and objectives 
of management and describes how these are to be met. 
An FMP may be written for use at many different scales 
from management at a statewide level to management 
of a family-owned tree farm. It need not be a hugely 
complex document but needs to take into account all of 
the desired uses of the forest and how to address these in 
a sustainable manner.

Management of lands managed by DEC are addressed 
at state level through the Forest Management Plan 
2004–2013 (FMP) and the Regional Forest Agreement 
for the South-West Forest Region of Western Australia 
(RFA). These documents currently provide the planning 
and management framework for lands in the south-west 
vested in the Conservation Commission, and freehold 
land that contains native vegetation held in the name of 
the Executive Director of DEC, predominantly within the 
department’s Swan, South West and Warren regions. 
However, there is a focus on the management of state 
forest and timber reserves because it is primarily on these 
land categories that disturbance activities are permitted. 

The Conservation Commission’s overall objective in 
formulating the plan is for biodiversity to be conserved, the 
health, vitality and productive capacity of ecosystems to be 
sustained, and the social, cultural and economic benefits 
valued by the community to be produced in a sustainable 
manner. 

The FMP has adopted the, slightly modified, Montreal 
Process C&I of sustainability as the framework within 
which to identify management actions in line with the 
principles of ecologically sustainable forest management.

Individual reserves also have their own management plans 
which identify operational management based on the 
particular characteristics and values of that reserve.

A simple SFM should have the following elements:

•	management objectives

•	history of the forest

•	 identification of values for which the forest is being 
managed

•	maps showing all relevant features and clearly defining 
the boundaries of the area and the zones or stands 
within the area

•	 strategies for protection of water and soil

•	 information about wildlife, particularly significant or 
threatened species, and strategies for their protection

•	proposed harvesting or silvicultural treatments, including 
use of fire

•	provision of infrastructure

•	prescriptions for monitoring, record keeping and 
ongoing evaluation of management.
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As a post-excursion activity, students are to write and 
submit a sustainable forestry management plan for 
Wellington Discovery Forest based on data collected 
during their excursion and field work. How this activity 
is conducted will depend on the ability level of the 
students. Students, in their groups, will need to discuss the 
objectives of their management plan and issues they will 
need to consider. A simple template has been provided 
which students may fill in or, alternatively, more able 
students could be required to discuss the focus questions 
in the worksheet and create their own management plan 
from scratch.

More advanced students could also be asked to do 
internet research to discover the range of legislative 
frameworks and policies which guide the development of 
forest management planning in WA.

In the case of timber harvesting operations in WA, a 
planning checklist for disturbance activities must be 
completed. A simplified version of DEC’s planning checklist 
is provided. This may be given to students to complete 
based on the information they have collected on their 
excursion as an alternative activity to the management 
plan or may also be done as an extension to it.

Plantation forestry
The excursion and activities focus on the sustainable 
management and harvesting of native hardwoods. 
As a part of studying timber as a renewable resource, 
students should also consider the role of plantation 
timber. Plantations are often cited as an alternative to 
timber harvesting in state forests. While plantations are a 
very important part of the timber mix, it is important to 
understand both their benefits and limitations. 

The promotion of plantations as a complete alternative 
to harvesting native hardwoods has created considerable 
confusion by failing to distinguish between plantation 
types (softwood or hardwood), what they can be 
and are grown for (for example, solid wood products, 
reconstituted wood products or pulp and paper) and their 
management (short or long rotation lengths).

Hardwood verses softwood
In considering plantations, it is important to understand 
the differences between hardwood and softwood 
plantations and the markets which they supply. 

Softwood plantations in WA consist of either radiata 
pine (Pinus radiata) or maritime pine (Pinus pinaster). 
These were mostly established during the 1960s and 70s 
by clearing areas of native forest and replanting cleared 
farmland to provide logs which can be processed into 
good quality commodity timber. To yield good quality 
timber, plantation trees must generally be at least 25 
years old. As these plantations matured from the late 
1980s, softwood timber has progressively replaced 
native hardwood for low and medium value uses, such as 
fencing and wall and roof framing in buildings, allowing 
the harvesting of native timber to be reduced. However 
there continues to be a strong demand for hardwoods for 
high value applications such as flooring, decking, cabinet 
making, furniture and external uses where appearance, 

high strength and durability is important. Currently these 
plantations have a sustained yield which just meets 
existing commitments to the softwood industry.

Hardwood plantations are primarily Tasmanian bluegum 
(Eucalyptus globulus subsp. globulus) and these have 
been established to produce ‘pulpwood logs’ which are 
processed into woodchips for export to make paper 
products. The shorter fibre of hardwood makes their pulp 
ideal for manufacturing fine quality smooth finished paper. 

Long verses short rotation crops
Most bluegum plantations are planned to be harvested 
around 10 years of age, with the entire crop converted 
into woodchips. At this age the trees are unsuitable for 
producing sawlogs due to their small size and high growth 
stresses which affect sawing and drying.

In order to produce good quality timber for sawing, most 
hardwood trees, like softwoods, need to be at least 20 
years of age, preferably older. The current prices for export 
woodchips are such that it is economically unviable to 
grow these plantations on to produce sawlogs. In addition, 
some pruning of branches and possibly other silvicultural 
activities are required in the first 10 years to produce logs 
of suitable size and quality. These are expensive and can 
only be justified if there is a guaranteed market at the 
end of such a long rotation operation, providing a further 
disincentive to investors.

Most productive forest sites for plantations in WA lie 
within the reserved forests of the south-west or on fertile 
land that is also suitable for horticulture or vineyards. The 
farmland that really requires reforestation, such as the salt-
affected wheatbelt, does not produce the growth rates to 
make it attractive to investors (mainly due to low rainfall) 
and the distance to markets is another factor.

Substantial new plantings are unlikely until impediments 
to corporate investment in long rotation plantations are 
addressed. With respect to hardwoods, there remains 
considerable uncertainty about long-term plantation 
productivity and wood quality and there are knowledge 
gaps about processing and end-uses. Even if investors 
are able to reconcile themselves to these risks, the long 
wait for the final return is a further major disincentive. 
There is a possibility that a developing market for 
environmental services (or ecosystem services) will improve 
the commercial viability of growing hardwood sawlogs by 
generating annual cash flows in return for benefits such 
as salinity mitigation, habitat and biodiversity protection 
and carbon sequestration. The latter appears more likely to 
eventuate given the concern regarding climate change.

Although these hardwood plantations are environmentally 
beneficial, they are being managed by owners with widely 
variable management aims. It is possible that a significant 
proportion of smaller woodlots may never be harvested for 
timber, instead being retained for their environmental and 
aesthetic benefits.

Even if there was an immediate substantial investment 
in plantation development, we are still many years away 
from having a hardwood plantation sawlog resource 
capable of supporting a significant viable timber industry. 
Such plantations, established largely with different species 
to those commonly available from native forests, would 
ideally complement native forest timber as the logs 
from each are suitable for different products and both 
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will be required to meet the range of society’s end-use 
requirements.

Imported timber
As a part of this unit of study, students will examine issues 
surrounding timber harvesting in a less developed country. 
There continues, and will continue, to be a demand for 
high quality sawn hardwood products. As Australia’s 
native forest harvest is steadily reduced and in the absence 
of suitable longer rotation plantations, this demand is 
being increasingly met from imported timber harvested 
from south-east Asian rainforests. More than half of these 
imports are judged as having a high probability of being 
sourced from illegal logging operations. 

Illegal, or legal but unsustainable, harvesting of tropical 
forests is contributing to environmental degradation in 
developing countries. It is also causing massive social 
problems by lowering prices that disadvantage legal 
operators, and by reducing government revenue that could 
be used to address endemic poverty. 

In a world of increasing population and consumption 
levels, a balance between conserving forests for their 
environmental values must be struck against the need 
to continue to produce wood for human use. This is far 
easier for developed countries such as Australia that have 
stable political systems, an absence of corruption, and 
technological advantages that enable multidisciplinary 
land-use planning and effective government regulation.

Indeed, developing countries struggling to control forest 
exploitation with its attendant environmental degradation 
view Australia as an aspirational model of how to 
sustainably produce timber within strictly enforced systems 
of environmental protection. Continuing to produce timber 
from our own hardwood forests to meet our needs is 
sustainable and an important part of setting a positive 
example for developing countries battling against massive 
environmental problems.

We can minimise the possibility of supporting illegal 
harvesting of timber by ensuring that products we buy 
carry an internationally accredited certification. There are 
many certification programs worldwide and many have 
mutual recognition. Two of the best known international 
schemes are the Forest Stewardship Council (FSC) and 
the Program for the Endorsement of Forest Certification 
schemes (PEFC). The Australian Forestry Standard (AFS) 
has mutual recognition with PEFC. Products sourced from 
certified forests will carry the logo of their certification 
scheme. As an out-of-school activity, students may wish 
to find certified products in furniture or hardware stores 
which carry one of the following logos:

Independent, third-party certification provides some 
assurance that timber was sourced from a forest managed 
in accordance with a set of predetermined and clearly 
defined environmental, economic, social and cultural 
performance requirements that support sustainable 
management of forests. 
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Glossary of terms
Basal area – the cross-sectional area of a tree trunk

Basal area factor (BAF) – the number of square metres 
of basal area per hectare represented by each tree counted 
as in during a variable radius inventory

Bole – the trunk of a tree from which marketable sawlogs 
are produced

Coupe – a defined area of forest treated as a unit for 
timber harvesting

Critical density – the point at which trees begin to 
compete with each other for water and nutrients

Crown break – the top of the bole where it splits into 
crowning branches

dbh[ob] – diameter at breast height [over bark]. Bole 
diameter at a point 1.37 metres from the ground.

Forestry – the management of forests for a range of 
values

Gap creation – the removal of overstorey trees creating a 
gap in the canopy which allows young trees to grow

Lignotuber – a swelling at the top of the roots which 
contains nutrients and water and allows a plant to recover 
quickly from fire or grazing

Phytophthora cinnamomi – an exotic parasitic water 
mould which feeds of the roots of a host plant and kills it 
by depriving it of nutrients and water. Commonly referred 
to as dieback

Pole – a juvenile tree up to 20cm dbh

Regeneration pool – the total number of young plants 
(seedlings to ground coppice) which are available to 
develop into poles and mature trees

Riparian zone – the area bordering waterways

Shelterwood – retention of mature trees to provide 
a seed bank and allow protected development of a 
regeneration pool

Silviculture – growing of trees 

Stand – an area of forest with a similar structure and 
density

Stand basal area – the total cross sectional area of the 
boles of all the trees in a stand

Stand density – a measure of the density of trees in a 
stand. May be expressed as stand basal area in m2/ha or as 
stems per hectare (spha)

Thinning – the removal of some trees in a stand to reduce 
density and release the remaining trees from competition

Tops – waste material from a harvesting operation such as 
leaves, bark and branches which have no commercial value
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Answers to worksheets
About wood crossword

Forests, timber and climate change

1. The problem is that human activity is increasing 
the levels of greenhouse gases in the atmosphere and 
therefore enhancing the greenhouse effect which may 
result in higher global temperatures.

2. Some greenhouse gases are carbon dioxide (CO2), 
methane (CH4), water vapour and nitrous oxide (N2O), 
hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs). 
Forests can reduce the amount of carbon dioxide.

3. 

 

4. People enhance the greenhouse effect through the 
burning of fossil fuels, increased mining and the clearing of 
forested land for agriculture and housing.

5. Regenerated forests can be referred to as carbon sinks 
because planted forests absorb carbon dioxide from the 
atmosphere and lock it up (sequester it) in wood, leaves 
and roots.

6. A carbon credit is a tradable commodity whereby an 
activity which reduces carbon dioxide in the atmosphere 
may be used to offset carbon dioxide produced. A carbon 
credit is equivalent to one tonne of carbon dioxide.

7. A young forest is actively growing and so absorbs a 
large amount of carbon dioxide from the atmosphere. A 
mature forest does not absorb as much carbon dioxide 
but locks up what it has absorbed during its growth in its 
wood, leaves and roots.

8. Wood stores the carbon dioxide it has sequestered for 
many years. Timber is a renewable and recyclable resource 
which takes much less energy to produce and process, 
and therefore results in less carbon dioxide emissions, than 
alternative building materials such as metals, plastics and 
concrete.

9. To reduce the amount of carbon dioxide produced you 
could turn off lights and appliances at the wall when not 
in use, cycle, walk or take public transport instead of going 
by car, and plant trees.

10. 30.5 tonnes verses five tonnes.

11. Open-ended research.

Forests and forestry in WA
1. Agriculture and urban development have resulted in the 
clearing of forests.

2. People depend on forests for shelter and protection, 
water, timber for building and other purposes, oxygen, 
foods and medicines.

3. Uses of timber include home construction for framing, 
flooring and weatherboards; furniture, tools and toys; 
railway sleepers; bridge girders; wharf piles; poles to 
support our telephone and electricity wires; fence posts; 
props for underground mining and pulpwood for paper 
and building boards.

4. Forests play a role in reducing greenhouse gas emissions 
because they absorb carbon dioxide while growing and 
lock carbon up in their structure for many years.

5. Benefits of planting forests include reduced erosion, 
providing timber, aesthetic values, reduction in greenhouse 
gases and employment.

6. National parks, conservation parks, nature reserves, 
buffer zones around waterways and old-growth forest are 
excluded from timber harvesting.

7. Forests are also valued for Aboriginal and heritage sites, 
aesthetic views, recreation, conservation of ecological 
communities, water catchment (water quality and use), 
wildlife conservation, beekeeping, education, carbon 
absorption and credits and salinity control. 

8. Well over 1,000 species of tree are found in WA native 
forests. The main groups are the eucalypts, acacias and 
Proteaceae.

9. Jarrah, marri and karri.

10. a) Multiple-use means the same area of forest may be 
used for many purposes including timber production, 
recreation and wildlife conservation, for example.

 b) Ecologically sustainable means activities that can 
be carried out without permanent environmental 
degradation or damage.

Timber harvesting in WA native state 
forests
1. The aims of native state forest management is to 
conserve the forests, conserve unique flora and fauna 
species and their habitats, and also ensure the continued 
supply of timber and other products.
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2. Natural values and services to the community refer to 
provision of clean air and water, aesthetic values and the 
preservation of biodiversity.

3. ESFM is managing the forest to maintain ecological 
processes and biodiversity while optimising the benefits to 
the community from all uses of the forest, both now and 
into the future.

4. A harvesting plan is a document which describes how 
an area of forest will be harvested for timber, including 
detailed maps. It is created by drawing together specialist 
information on soil and water, threatened species, 
Aboriginal and non-Aboriginal heritage, silviculture (the 
care and cultivation of trees), road construction and 
maintenance, and inventory data (information on the 
numbers and types of trees in the area). 

5. The environmental impacts of harvesting are minimised 
by the retention of habitat trees, retention of vegetation 
around waterways and in informal reserves, identification 
of values present in an area to be harvested, strict 
guidelines and monitoring of the harvesting operation.

6. Compliance with regulations is monitored by FPC and 
DEC.

7. A forest officer first marks trees to be retained and 
reserve boundaries. Harvesting is carried out using 
mechanical equipment. Logs are taken to a staging area to 
be graded. Forest officers make regular checks to ensure 
compliance with the harvesting plan and other regulations.

8. Burns are carried out after harvesting to reduce fuel 
loads and encourage regeneration.

9. Habitat trees and also balgas are retained.

10. Forestry certification is done to allow markets to 
establish that timber has been sourced from properly 
managed forests.

Silviculture in the jarrah forest
1. Silviculture is the science, art and practice of controlling 
the establishment, growth, composition, health and quality 
of forests and woodlands to meet the diverse needs and 
values of landowners and society on a sustainable basis.

2. Objectives of silviculture include timber production, 
water production, enhancement of biodiversity.

3. Critical density is the point at which trees begin to 
compete for resources.

4. Clearfelling creates even-staged stands; selection 
creates uneven-aged stands.

5. a) Thinning releases trees from competition to promote 
growth.

 b) Gap creation releases regeneration.

 c) Shelterwood allows development of a regeneration 
pool.

6. Uses of fire in silviculture include fuel reduction, 
stimulating germination of seed, stimulating development 
of lignotubers and removal of understorey competition.

7. a) Thinning

 b) Shelterwood

 c) Gap creation

8. a) A cull tree is a tree which contains no commercial 
product.

 b) A habitat tree is a tree which contains suitable 
hollows for nesting animals.

9. About 125 mature trees per hectare.

10. A regeneration pool is the total pool of seedlings at 
the various stages of lignotuber development – these are 
the pool of juvenile trees which will grow if a gap is cut.

NOTES
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